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Pleface

The Iterature of pnettmoconiosts during the past few years gives evidence
of almost unparalleled progress Close study of the record discloses the
d of fund: ) knowledge of practieal sigmificance for the
protection of health m dustry Nuch of that progress could not have
been achieved without the combimed effort of mamygement and labor,
physician and hygremst, chemist and engmeer This collaboration by
students of puewmoconwology s mdeed a singular tnbute to Doctor
Gardner who labored so diligently for that objective,

As early as 1934, the late Dr. Leroy U Gardner, Director of the
Saranae Laboratory and of the Edward L Trudesu Foundaton and
pioneer m the expenmental mvestigation of the effects of dust on hving
tissue, mstitnted the Brst of the senes of Saranac Symposia He did this
@ recagritian of the need for wformal discussion of problems resulting
from the inhalation of dusts~—problems concerning the industraal, the
medical, and the legal phases of paeumocomosts

In the following years, at intervals of 2 year or more, the Second, Third,
and Fourth Symposia were Deld to review the most recent developments
n the field of pneumocomosis and to discuss new problems of current
raterest The Fifth Symposium, conducted m 194}, was devoted to
Tuberculosts in Industry

During the war years a new disease which appeared to be caused by
the mhalation of dust contunmg bervlhum was secogmzed 1 cestan
wndustrial employees. The ard of the Saranac Laharatory was sought
and Doctor Gardner, with bis broad background and knowledge of

entered wholeh dly into the study of the problem.
Ile mitiated many chimeal and e 1 i estrg designed to

D
throw hght on this puzzling disease Dunng tns penod another new
disease entity, occurting amang workers e(posed to the fume ansing
from bauxite furnaces and known as Shaver's disease, also receved his
attention



vin Preface

At the time of Ius death on October 24, 1946, Doctor Gardner had
made plans for a sixth symposum which would consider all aspects of
beryllium and bawate fumes as they relate to industnal health and which
would also review the latest developments m the corporate and social
b bilities for p: It is fitting, therefore, that this record
of the papers and dxscussmns by the participants in the Sixth Saranac
Symposium, held m Saranac Lake 1n the fall of 1947, should be dedicated
to Doctor Gardner.

The present record of the Sixth Symposium 1s more detailed than the
published accounts of previous sessions. This departure 15 considered
essential because the complex nature of the problems requires a compre~
hensive and authoritative exposition of present knowledge concerning
two most important, but still obscure, pneumocomoses and of the medico-
legal problems which they pose Ornginally, 1t was planned to publish this
material immediately after the end of the sessions. However, unforeseen
difficulties caused repeated delays. In the mterim, every effort has been
made to heep the publication current by developing a bibliography of
all pertment Literature concerning beryllium which has appeared up to
January 1, 1950.

The enhancement of knowledge which 1s represented by this record of
the symposium 15 due to those who participated 1 the formal papers and
discussions and whose names are hsted not only in the contents, but also
n the final pages of the text This record would not be complete without
an exvpression of gratitude to the Lamp Departments of the General
Electric Company and of the Westinghouse Electric Corporation, and to
the Sylvamia Electric Products Inc, The Champion Lamp Works, and the
Brush Berylhum Company for thewr generous contributions which made
possible the publication of the proceedings of the Sixth Saranac Sym-

posmm.
A. J. VorwaLp

Saranac Lake, N. Y.
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CHAPTER 1

History of the Beryllium Problem

THOMAS L SHIPMAN, M.D °

Esery physician ¢an understand the excitement of the medical man who
encounters what appears to be a new dsease entity. Perhaps we have
that here, perhaps not Our story begins m the fall of 1941, when 2
women came under observation at the Essex Sanatorium in Mddleton,
Mass Both were complaming of severe and disabling dy spnrea, and as their
symptoms were primanly pulmonary, 1t 15 perfectly understandable that
they should have arrved at the local tuberculosis sanatorum  Both had
been 1ll for two or three months, and were obviously extremely ill. Except
for the severe shortuess of breath physical signs were atmost completely
absent and the laboratory findings were largely negative The chest
mentgenogram, howeser, 1n bath cases showed a fne muhary motthag
evenly distributed throughout both lungs

The first diagnostic guess was mifiary tuberculosis, but this did not
quite Bt, and the occupational history would not, it seemed, sustain a
] is of pr Boston 1 who saw one of the
patents m Decenber 1941, made a duag; of put ry d

There the matter rested for a time, The 2 women quite obviously
had the same condition, but no unusual significance was attached to
the fact that they had both worked mn the same building of a plant manu.
facturing, among other thungs, the then quite new fuorescent lamp
Netertheless, no one was entirely satisfied wath any of the diagnoses so
far offered

By December 1942, the family physician of one of the women came
to the somewhat logrcal conclusion that his patient had mercury poison-
g Why this particular substance was chosen as the offender I do not

© Works Physictan, General Electnic Company, Rever Works, West Lynn, Massa.
chusetts



4 Pneumocaniosis

know, except for the fact that it is used in minute amounts in Suorescent
lamps, T suppose 1t simply seemed a good peg to hang one’s hat on,
Within a very few weeks that woman died The postmortem observations,
which have since become a rather controversial subject, indicated that
death was caused by Boeck's sarcoid, and thus confirmed the original
clinical and roentgenologic dragnosis, The clum of mercury poisoning
was, of course, disallowed.

At this point the subject would have been closed, had not a third
patient, a young engineer this time, appeared at the same sanatorium
with essentially the same condition. Dr. Q. §. Pettingill of the Essex
Sanatorum noted the simidarity of the findings in the 8 cases. He referred
this latest patient to a Boston hosptal, and again the diagnosis was
pulmonary sarcoidosis The fact that the young engineer had worked
m the same building as the 2 women proved disquieting, however, The
occupational Istories and working conditions of all 8 patients were
serutinized more closely than before, but with entirely inconclasive
results,

The director of the Diviston of Occupational Hygiene of the Massachu-
setts Department of Labor and Industries at that time was Mr. Manfred
Bowdlitch, who was not one to let such a matter sink mto oblivion; on
January 13, 1943, a meetmg was held at his office to gne the subject a
comp]eto ainng, At this meeting, which I attended, the processes of

lamp facture were di d by Dr. I. B. Tabershaw,*
then physician to the Diwision The observations at autopsy in the case
which ended fatally were described 1n detail by Dr. Leary. The late Dr.
Sampson of the Trudean Foundation d 1 the logic find-
mngs m all cases.

The established facts at that time were these 3 people, 1 of whom
had died, were presumed to be victims of Boeck’s sarcoid, and strangely
enough, all 3 had worked in a huildng where fluorescent lamps were

manufactured Cause and effect, ar caincidence? The q 1
unanswered In the absence of proof, many of us who were interested
were willing to accept the theory of comcidence, although Mr. Bowditch
and Dr Tabershaw continued after the meeting to ask some very pointed

questions.
Four months later, in May 1943, T was shown a routine chest roent-

® Now with the Liberty Mutual Insvrance Company, New York, N. Y.



History of the Berylum Problem 5

genogram which strongly resembled those which I had scen at the
January conference It turned out that this fourth patient. a young
woman, had worked mn the samte buddwg as the athers! A few days later,
at the Essex Sanatorium, a fifth case turned up that of a woman wha had
worked at the same machme as the fourth patient Now evatement
mounted. Mr Bowditch anranged another meeting, tins ime at Rochester
m conjunction with the annual meeting of the \merrcan Assoctation of
Industrsal Physicrans and Surgeans. Among those present was the late
Dr Lesoy U. Gardner, then director of the Trudeau Foundation, and
from that time on the leading spirit e the mvestigation

By now there was a tendency to regard the musterous disease as
benylium poisoming, Thus substance was suspected probably because
among the conststuents of the flugrescent panders wsed 1 lanp manu-
facture, bershum was the only one the toucology of which was not at
least partually understood, Recently, hmvmbr Dr L T Favhall and
his had pubhlished a ¢ ph on the tosicaty
of beryllum, giving the element a prs‘l!v clean nll of health 12 * At the
Rochester meeting the confusion surrounding the problem was mereased
by & report on a senes of cases of pulmonary disease accurnng among
sorkers m berylum-recovery plants m the Cleveland area ¢ The his-
tories and symptoms were different from those in the \assachusetts
cases, and the g were & Jar Furt) {though
there had heen some fatalities i the Ohio sertes, recovery within “ccls
was usual

Under the it was nat g that this fe
seached no eapth-shaking conclusions It suceceded, howerver, in mterest-
ng a wider circle of peaple m the problem Tlhere was general agreement
that careful and detailed study was required All of us who took part
the investigation were well content to have Dr Garduer act as steersman
Wisely the m. of the M ) factory provided funds for
his research,

¥

At rst it was generally expected that the necessary study would
Tequire only a few months, but the task proved far from simple The
easons why the study was not suecessfully concluded within a short time
will become apparent m later chapters One merdent will illustrate the
marches and countermarches which we made i our attack on the problem,

* Supertor numbers refer to bibkographu. ttems, pp 599
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I thought I had discovered a case m Ohio similar to the Massachusetts
cases, this patient too had been employed n the manufacture of fuores-
cent lamps. Dr Garduer arranged to meet me in the Ohio town in order
to explore the situation I arrived m the morning and roused Dr, Gardner
at bis hotel, and while he was shaving I confidently expounded my
theory, I had concluded that we were dealing merely with an atypical
stheosis Without missing a stroke m his shaving, Dr. Gardner demolished
this theory. He then stated his own; that the fluorescent powders some-
how were activated by ultraviolet hight, and by radioactivity caused the
lesions,

At the end of that day we met an eminent physicist, Dr. Zay Jeffries
Having heard Dr Gardner's reasoning, mn a moment or two, by devastat-
ing logic, Dr Jefines demolished this theory as completely as Dr. Gardner
earlier had destroyed mine Before we met Dr. Jeffries, Dr. Gardner and
I had been tired out by tramping through miles of factory aisles, and
now as we walked back to our hotel, we were subdued, in fact thoroughly
deflated. Suddenly his sense of humor came to the rescue. “Well,” he said,
with a characteristic chuckle, “I guess well both have to think up a new
theory tomght ™

On October 22, 1943, another conference was held at the Division of
Occupational Hygiene 1n Boston. The gathening included representatives
of industry, insurance companies, and state and federal public health
services, as well as a distnguished group of medical men and specialists
in industrial hygiene Family phy and others i i in the
welfare of the patients also were present, and in some hours of discussion,
everyone who had any rdeas to contribute had the opportunity to speak
Ius piece The differences between the cases 1 Massachusetts and those
in Ohio were clearly ponted out We were seminded that the 5 cases
discovered 1n Massachusetts were too few to form the basis for diagnostic
criterra Some dispute arose about the interpretation of the single autopsy.
It was noted that no significant Aindmgs had been made m the field of
wndustnal hygiene, and that all the hypotheses offered lacked proof. In
short, the problem was not as simple as 1t had looked

In the following vear new cases appeared m Massachusetts, bringing
the total up to 14. There were vague reports, difficult to confirm, of
possibly simlar cases among workers in a New Jersey plant making radio
tubes. The acute or “Ohio” form of the disease was reported from
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had been connected with one factory in Massachusetts, ittle or no trouble
had occurred in other states among workers in fluorescent lamp factortes
using similar matersals and methods and producing lamps in Jarger quan-
tities But how was this pl to be explained? What

did the other manufacturers have that trouble was not awaiting them in
the future?

The publicity dwindled in 1945, but new cases continued to crop up,
Though many more anmals were “dusted” with fluorescent powders, the
evpertmenters still were unable to prodnce the disease in the Jaboratory.
Various etiologic theories were evolved, dropped, picked up again. At
one time considerable attention was given to some acid-fast organisms
m the hope that the disease would prove to be infectious, but this
approach led to a dead end

In 1946 we encountered “neighbor” cases, that is, cases of what
appeared to be the same disease occurning m persons who had not been
employed 1nt the lamp factory but who resided near it And now one fact
emerged quite clearly virtually all of the Massachusetts patients had
suffered therr exposure to the toxic agent, whatever that might be, in
1940 or 1941 The long latent period between exposure and the appear-
ance of symptoms became known as a salient charactenistic of the Massa-
chusetts form of the disease

In August 1946, Dr H L. Hardy and Dr Tabershaw published the
ﬁrst re":l report of Qhe Massachusetts cases®* using the terms “delayed

” and “acute cf 1 is,” which have
been tenntlvely accepled and used smce th:\( time. Then from behind
the veil of secrecy surrounding all the work concerned with atomic
energy came the information that beryllum was a matter of interest to
workers w this field, though how the metal was used and whether it had
caused disease no one could learn We hape that the veil will be hfted

a nt higher i this symposium,

October 1946, brought the tragedy of Dr. Gardner’s death Ie had
given the nvesbigation such momentum, however, that it could be con-
tinued without him. Too much was at stake for the study to be drapped,
and fortunately it had become more than a one-man job. In the followmg
year new mvestigators came into the feld

Special prasse 15 due Mr Bowditch for Tus tepacity in the face of dis-
couraging curcumstances and occasional opposition In nearly five years
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had been connected with one fnc:ory in Massachusetts, little or no trouble
had occurred 1n other states among workers in fluorescent lamp factories
nsing similar materials and methods and producing lamps in larger quan-
tities, But how was tlus pl to be explained? What

did the other manufacturers have that trouble was not awaiting them in
the future?

The publieity dwindled in 1945, but new cases continued to crop up.
Though many more animals were “dusted” with fuorescent powders, the
expertmenters still were unable to produce the diseasc in the Iaboratory.
Varous etiologic thearies were evolved, dropped, picked up again At
one tine considerable attention was given to some acid-fast organisms
m the hope that the disease would prove to be infectious, but this
approach led to a dead end.

In 1946 we encountered “neighbor” cases, that is, cases of what
appeared to be the same disease occurring in persons who had not been
employed in the lamp factory but who resided near it. And now one fact
emerged quite clearly virtually all of the Massachusetts patients had
suffered thesr exposure to the tovie agent, whatever that might be, in
1940 or 1941 The long latent period between exposure and the appear-
ance of symptoms became known as a salent characteristic of the Massa-

chusetts form of the disease

In August 1946, Dr. H L Hardy and Dr. Tabershaw published the
first real report of the Massachusetts cases®* using the terms “delayed
chemical pneumonitis” and “acute chemical pneumonttis,” which have
been tentatively accepted and used since that time. Then from behmnd
the veil of secreey surroundng all the work concerned with atomic
energy came the information that beryllium was a-matter of interest to
workers m this field, though how the metal was used and whether it had
caused disease no one could learn We hope that the verl will be hited
a bit ngher m this symposium,

October 1946, brought the tragedy of Dr. Gardner's death. He had
given the mvestigation such momentum, however, that it could be con-
tinwed without him Too much was at stake for the study to be dropped,
and fortunately it had become more than a one-man job. In the following
year new vestigators camc into the field.

Special praise 15 due Mr Ba“dnch for Tus tenacity i the face of dis-

couraging and ! opposi In nearly five years
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he never wavered 1n his determination to see thus theeat remaoved from
our ndustry’s workers, At first competing wanufacturers showed some
reluctance to join forces even against @ common danger, but largely
through Mr Bowditcl's organizing work they were bought together,
their present willigness to cooperate in the fm estigation is alinost w-
paralleled 1 mdustry

In summary Forty or mare persans, of whom 7 or more have died.
have been struck down by an umdentified chrone pulmonary disease.
Another 500 or 600, of whom some have died, have suffered from an
acute condition which may be another form of the same disease, or per-
haps a dstinet entity The chronic and acute conditions have a common
denommatar, however, i vutually every case we can trace a history of
exposure to some compound of berylium. Although the mmplication is
smescapable, proof that beryllnum 15 the tovie agent bas been clusive

1In this symposium a number of peuple jom m an attempt to put to-
gether a gigante pgsaw puzzle Everyone who could 6t a picce of the
puzzle into place has been made welcome m the gathening

The berylum problem presents a twofold challenge to scrence This
element, let me repeat, has nich and vaned potentialities for industsy,
which demands the night to nse so valvable a metal If berythum s dan-
gerous to health and life, we must devise adequate safegnards for those
who handle 1t. We are challenged m the field of pure seience as well as
that of applied science, for we are confronted with a disease, possibly
with two diseases, of unknown etiofogy. It is significant that delayed
chemical pneumonitis, 1# 3t 1s not Boeeh's sarcoid, 15 closely similar, that
1t has certam characteristics n common with stlicosis, and that 1t can
even resemble tuberculoas enough to make ave stop and thwk Because
of the complexity of the problem, let me speak a warning agamst hasty
conclusions Qur task demands the humility which ssures an open mind
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d been connected with one factory in Massachusctts, little or no trouble
d occurred i other states among workers in fluorescent lamp factorics
mg similar materials and methods and producing lamps in larger quan-
ties, But how was this phenomenen to be evplained? What assurance
d the other manufacturers have that trouble was not awaiting them in
e future?

The publicity dwindled in 1945, but new cases continued to crop up
hough many more animals were “dusted” with fluorescent pow ders, the
perimenters still were unable to produce the disease in the Jaboratory.
arous etiologic theones were evolved, dropped, picked up again. At
e time considerable attention was given to some acid-fast organisms
the hope that the discase would prove to be infectious, but this
proach Jed to a dead end

In 1946 we encountered “neighbor” cases, that is, cases of what
peared to be the same disease occurring in persons who had not been
nploved m the Jamp factory but who resided near it. And now one fact
nerged quite clearly virtually all of the Massachusetts patients had
ffered therr exposure to the tovc agent, whatever that might be, in
MO or 1941 The long latent period between exposure and the appear-
iwce of symptoms became known as a salient characteristic of the Massa-
setts form of the discase

In August 1946, Dr H L. Hardy and Dr. Tabershaw published the
st real report of the Massachusetts cases?t using the terms “delayed
emical preumomitis” and “acute chemical pneumonitis,” which have
2en tentatnely accepted and used smee that time, Then from behind
¢ veil of secrecy surrounding all the work concerned with atomic
ergy came the information that beryllium was a.matter of interest to
orhers m this field, though how the metal was used and whether it had
wsed disease no one could learn. We hope that the veil will be lifted
Int higher 1 this symposium

October 1948, brought the tragedy of Dr Gardner's death, He had
ven the imestigation such momentum, however, that it could be con-
wed without hun, Too much was at stake for the study to be dropped,
d fortunately it had become more than a one-man job In the following
'ar new mvestigators came mto the field

Special praise 15 due Mr Bowditch for his tenacity m the face of dis-

raging and | opposition, In nearly five years
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CHAPTER 2

Beryllium Alloys

L3

ANDREW ]. JACKSON, M.D.

n July 1932, the Amenican Brass Company’s branch at Waterbury,
Jonn., began the casting of beryllium-copper alloys The Waterbury
lant is the only branch of the American Brass Company which ever
roduced such alloys, and 15 the only Connecticut plant I know of which
as processed or used beryllum

Two berylhum-copper alloys were made at Waterbury. One contained
.10 per cent beryllium and 035 per cent mickel, the remainder being
opper. The other contained 160 per cent berylium and 0.35 per cent
ickel, plus copper. Both were made by melting electrolytic copper and
he appropriate amount of nickel with a base alloy consisting of copper
rith about 4 per cent beryllium,

The melting was done in a crucible furnace known as a Northrup high-
requency furnace m individual heats weighing approximately 500 to 600
ounds The molten metal was then poured under carcfully controlled
onditions 1nto castaron molds which shaped it into slabs for rolling or
ato billets for extrusion as tubes The slabs were either rolled hot, or
old-rolled, with suitable intermediate anneals mto sheet or strip metal
f the gage required The bllets were extruded while hot as tubes which
vere then cold-drawn, with smitable ntermediate anneals, into tubes of
ner gage and smaller diameter, as desired

The boiling pomnts of copper and beryllium are very high, that of cop-
er bemng 2310° C and that of beryllium being given at 1530° C.t Beryl-

um and copper are cast at a temperature of about 1150° C. We have

® Consultant, American Brass Compuny, Waterbury, Connecticut

§ Most handbooks of chemustry give the botlhng point of beryllum as approumatel
500° C, but this 1s very close to its meltng point of 1350° C, Most metals wil
reling pomts near that of berylum have me:g pomnts near 2400° C. Van Arkel

tves the bothng pomt of beryllium as 2970° C
10
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passway on the west side of the building. Bencath this area, in the base-
ment, 1s the core room The shear room also 15 located north of the casting
shop. This room, which covers an area of 5,568 square feet, has 2 No. 100
Silent Van fan capable of discharging 20,000 cubic feet of aur per minute.

West of the castmg shop, and separated from it by a wall of brich and
steel, are the scrap room on the ground floor, and in the basement the
locker rooms, toilets, and washrooms, and beyond these, a space used
for storing metal. Scrap 1s kept here n bimns. This storage section covers
an area of 27,540 square feet, and the scrap room above occupies 24,288
square feet

Conveyors approach within about 100 feet of the No 1 Northrup fur-
nace. The scrap room, however, 1s separated from this furnace by a
distance of about 300 feet, and the shear room by a distance of approxi-
mately 540 fect

During the past 15 years the number of people employed in this build-
ing has averaged 810. The smallest number employed at any one time
was 242, m 1932, and the greatest number was 542, in 1943,

1 or delayed ch

So far, 6 cases of sarcaid 1 pneu-
monitis, have appeared among American Brass Company employees.
None of these pattents was ever engaged m casting alloys containing
berylhum One was stationed in the casting shop, doing other work. One
worked n the core room, and another 1n the shear room Two were
employed 1n the scrap department, One worked for a time at the con-
veyors, and later in the shear room and scrap room,

In 1944, mn the period from January 12 to July 14, a senies of tests was
made to discover how much berylhum was present in the dust in different
parts of the butlding In the southeast comer of the casting shop, where
the berylhum-copper alloys were cast, berylhum was found in the follow-
ing amounts 1n dust 1 the top of the flues, 1.03 per cent, in that in the
pit, 064 per cent, m samples taken at pomts 2% feet above the floor, 004
per cent, in those taken 5 feet above the foor, 0.02 per cent. On the west
side of the building, at points close to the Ajax fumnaces and approxi-
mately 40 and 80 feet from the No 1 Northrup furnace, dust found 8
feet above the floor contained 003 per cent berylium

In the shear room, 540 feet from the furnace, at 5 feet above the floor,
008 per cent was found. In the scrap room, at the magnetic separator,
800 feet from the furnace and 24 feet above the floor, the percentage was
011, In the south passage leading from the scrap room, at a point approxi-
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the Trudeau Foundation on twe occasions, and is now suspected of
sarcoidosis,

The sixth case 15 that of a young man, 28 years old, of Lithuanian
descent but American born. He was employed as a helper on the con-
veyors near the casting shop from September 7, 1939, to August 11, 1940,
and was a shear operator, cutting mckel and serap, from August 11, 1940,
to December 23, 1944, Durmg the latter period he had a variety of jobs
in the scrap room. His peniod of exposure, then, must be considered as
five years. He became disabled n 1944 When he apphed for a leave of
absence, he stated that he was progressively losing weight, was experi-
encing shortness of breath, and felt exhausted A radiograph of his chest
showed pulmonary fibrosis. This patient has been progressively getting
worse. About eight months ago, while he was at the Trudeau Sanatorium,
a gland was removed from his left axilla, and this gland gave positive
evidence consistent with sarcordosts

In alf these cases the outstandimg symptoms were.

Marked dyspnea on slight exertion, particularly noticeable on
humtd days,
Paroxysms of coughmg The cough was persistent and largely
non-productive, No blood was present 1n the sputum in the first
few months of iliness, but later on some hemoptysis occurred
which was believed to be the result of passive congestion due to
carduac failure
Marked progressive loss of werght
Intermttent flare-ups of supennmposed respiratory fection. Dur-
g such flare-ups the temperature was markedly elevated and
the fever lasted for one to three weeks.

5 Severe exhaustion and malaise

In the periods of acute respratory mfectton, pencillin and sulfon-
amides seemed to have no effect, nor were any results observed from the
use of neosalvarsan. Quinme, however, apparently caused a drop in
temperature, and seemed to be the only medication that had any eflect
on the hyperpyreaa, Neither ephedrme nor the morphine denvatives
seemed to have any effect 1n controlling the periodic asthmatic attacks

Physical examination showed all 6 pattents to be more or less cyanotic,
The physical signs observed by means of percussion and auscultation of
the lungs and by means of palpation suggested bronchial asthma, Noue

-~
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come to Waterbusy to study our problem at first hand, and who studied
our cases in detail from both the roentgenologic and pathologic points
of view. Thanks are due alse to Dr. Harold Higgins, who when I con-
sulted him on several occasions was most generous wath his tme and
gave valuable assistance.

Discussion

R. HI HIARRINGTON, P D,*

In this symposium the berylltum problem fully emerges, 1 think, from
the confidential stage, I earnestly hope this s true. In the past year or two
I have been given certain information and told, “This 15 confidential.
Don't breathe a word” Matters concerning human health and safety
should not be kept secret under any crreumstances, except at the request
of the federal government, which has the right to make such a request.

The metailurgist has much to contribute toward the solution of the
berylhum problem, and I urge those responsible for dealing with the
all-important medical phases of the problem to seek his direct coopera-
tion. Like the physician, he 15 a scientist, and wili welcome the oppor-
tunity to cooperate He 15 the man who knows the speeific conditions
under which each specific operation 1s performed in the preparation or
use of a spectfic maternal, I warn you, however, that he will insist on
justice within his own field, If berylhum oxide, or fluorine associated
with beryllium, or zme berylhum sthcate has earned a erimmal record,
he will not agree to giving the same reputation to an industrial allay
consisting 97 per cent of copper, 26 per cent of cobalt, and only 04 per
cent of beryllum

To aveud confusion I suggest that m relation to their effect on health
the various materials containing beryllum be considered in Ave distinct
categories

1 Berylium oude.

. Berylhum compounds other than the oxide

Metallic berylum,
, Berylium master alloys
5 Industrial alloys containing beryllum,

g @ 10

* Research Metallurgist, General Electnic Company, Schenectady, New York
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Master alloys arc used to introduce beryllum juto industrial alloys,
this method bemng preferred for both lurgic and mic reasons,
Examples of master alloys are those containing 8, 5, or 12 per cent
berylttum in combimation with copper, 5 per cent berylbum and 93 per
cent alumaum or 20 per cent berylhum and 80 per cent aluminum; 6
per cent beryllumm and 4 per cent nrckel, 10 per cent beryllum and 99
per cent won For spectal prrposes there may be hnuted use for alloys
such as onc of 50 per cent beryllium and 50 per cent nichel

Master alloys may be purchased from only two sources, and thesefore
auy possible health problem connected with the production of these
materals wonld be limited to a narrow fickd It would be far from
accarate, howeer, to vestrict the term “berylhum industry” to the two
sources of the ingots of master alloys

The wdustnal alloys are the final muxtures which by recastmg or by
forgmg and rolling or mackuning, with final heat treatment of the sohid
matenial, are fashioned 1nto operating parts of firushed products. With a
few exceptions, these mistures contain less than 1 per cent beryllam,
and usually less than 05 per cent The foRowing are examples of indus.
trial atloys
175 to 2 25 per cent berylhum, with or without 0 5 per cent nickel
or cobalt, remander, copper
04 per cent berylum, 26 per cent cobalt, 97 per cent copper *
02 per cent beryllinm, 13 per cent cobalt, 985 per eent copper.®
02 per cent beryllum, 13 per cent nickel, 935 per cent copper.
©1 per cent beryllum, 04 per cent chromem, 995 per cent
copper.®

o g W -

)

02 per cent berylluum, 3.8 per cent copper, 96 per cent almnmum ®

02 per cent beryllium, 38 per cent copper, 13 per cent cobalt,

947 per cent alumipum *

01 per cent berylum, 2 per cent copper, 97 9 per cent zine ®
. Staless steels contamng about 07 per cent berylhum

As 2 metallurgist 1 am more interested in the alloys than m the so-
cafled pure berylhem metal or 1n berylum compounds, and 1 am espe-
clallv concerned with the wdustrial alloys, The published medical repozts
have not yet given the metallurgist and industrialist any specific infor-
matian which would help them to determme what precautions showld

~

© »

* Alloys decloped and patented by R 1 Tarrington
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be t.:ﬂ\cn in producing or using dustrizl alloys, or even whether any
special precautions are necessary,

A quick review of the medical Iiterature on the subject shows that
thsce types of disease are associated with what fs foosely called the
berythum industry:

L A temporary dermal condition, harmful chiefly in forcing the
emplayee to lose time from the b Cause: imtaton of skin
abrastons through the handling of metallic beryllium, Precaution*
wear gloves. Question  Ase the beryllum atoms or 10ns respon-
sible for thus condition, or should we blame the 5 to 10 per cent of
fluorine which occurs in the so-called pure metallic beryllum?
Another question Is beryllium metal sometimes shghtly radio-
active. either because it has been rendered so artificially, or
because of impurtties in ore from certain sources? Is radition
another possible cause of the dermal condition?

Acute pneumonitss, from which a majonty of the victims recover,
Cause whalation, Question nhalation of what? So far 1t appears
that beryllium oxide. zinc bervihum silicate, and hypothetic
ber lium fumes are to blame Actually any metaliic berylhum in
fumes would necessanly have become beryllium oxide by the
time of nhalation VWhat other chemcals could be jdentified jn
the suspected fumes? In the action of such fumes, what 15 the
role of fluorine® As for the zmc beryliwm stlicate used in the
manufacture of Buorescent lamps, are not the zine and the siticate
in this complex compound open to suspicion at Jeast as much as

[F}

the berythum®
Delayed pncumomtss, with few recavenies Cause. iohalabon. The

same guestions Anse as i connection with the acute condition.

These are some of the questions to which metallurgists and indus-
trialists want answers In addition, they want a complete pieture of the
specific actnibes i which each affected worker was enggﬂged on the
job, and of the spectfic atmosphenc conditions under which the work
was done. The mere statement that a certaw emiployee “worked two and
one-half months m bmidieg X7 1s writatingly nadequate.

1 should Dike to discuss brefly certain processes in the production of

dustrial alloys and m 1. g with these materials.

&«




Beryllum Alloys 2
Preparation of the Master Alloy for the Melt

An ingot, or pig, of master alloy cousists of a row of cubes. For a fauly
Yarge melt of industral alloy, the required number of cubes are brohen
off the pig with 2 hammer blow. Most of the master alloys are so tough
that hammening produces ne fine particles Fora small melt, however, less
than one cube of the master atloy may be needed, and in such cases a cube
must be cut with a saw or an abrasive cutting wheel. Here he two
possible sources of danger

When a saw 15 used, the waste conssts of refatively large chups, but
dust may result if these chps are allowed to accumnlate on the foundry
floor, to be seuffed about for weeks or months When an abrasive wheel
15 used, the vsual guard should be supplemented with a vacuum receiver,
or hood, at the lower edge of the guard The General Electric Company
has made spectrographic analyses of matenal collected from the atmos-
phere surrounding vanous machmes when berythum alloys were being
processed, and these tests indicate that the use of a vacuum hood with
the abrasive wheel keeps the beryllum content of the atmosphenc dust
low enough so that the operator inhales only about 5 micrograms of the
metal in an 8 hour day This extremely small amount seems to be well
within the Iimts of safety,

Melting

Even if there wete no question of a menace to health, careful metal-
lurgic control still would be necessary in the melting of berylium alloys,
for this relatively costly metal ovidizes readily The usnal procednre 1s one
desigred to munmmize losses. First, the copper, aluminum, or mekel, or
whateser metal 1s to be the base of the alloy, 1s melted, and then any
ather mgredicnts besides berylhum are added The master afloy 15 put
1 Jast When the mature s such that gravity witl not pull the master
alloy to the bottom of the crucible, the procedure 1s to plunge the master
alloy below the surface of the melt and keep 1t there until it disappears
m the muture,

At na time, therefore, is the beryllum content of the melt at the sur-
face Tugher than the percentage of this metal 1 the final alloy Beeause
the amount of beryllum reaching the surface is small, the quannty
which can escape as vapor 15 also edtremely small Moreover, the rela-
tively scarce herylum atoms are tundered from reaching the air by
surface tension, which causes the fornation of a4 selatively dense layer,
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in effect a tough film, at the top of the melt. Another important fact is
that many of the industrial alloys are cast at temperatures quite a bit
lower than the melting point of beryllhom, 1n such instances the amount
of beryllium released in the form of vapor is minute,

When the master alloy 1s put mto the crucible, the top of the melt
already 15 covered with a layer of dross consisting of metal ovides. The
beryllum atoms nsing mto this layer are ovidized by partial reduction
of its components, and m the formation of complex ovides are mostly
trapped i the dross. Average good metallurgic control restricts the
losses of beryllum to the range of 001 to 0 05 per cent, and of this amount
more than 90 per cent is retained in the dross.

In the case of certain alloys, the probability of illness due to beryllivm-
oxtde vapor released 1n the melting process may be further reduced by
other factors For example, 1f people were inhaling fumes from melts of
an alloy of 0.1 per cent beryllium 1n a base of zinc, the harmful effects
of the zinc would be cvident long before the beryllium could do any
damage.

Machining

All the industrial alloys of beryllum now being produced possess the
property of ductility to a considerable degree, and therefore the chips
formed by a lathe or cutter are relatively large and fall immediately by
gravity The General Electnc Company's tests showed that a lathe

g stainless steel g 07 per cent beryllium, for
e‘(amp]e, mhales only about 0.6 microgram cf beryllium in an 8 hour day.

Grinding

Few fuc particles are produced n gnnding these ductile allays,
Sp ph I\ of dust suspended m the phere surround-
g a grinder showed, for example, that when stainless stcel contaming
0.7 per cent berylliam 15 ground, the ar breathed by the operator in an
8 hour day contains app Iy 0.17 g of beryllium, and that
the use of a vacuum hood below the guard on the grinder reduces this

figure to about 002 microgram

Other Operations
Forging, rolling, and heat treating do not produce any chips or dust,

nor does good resistance welding, Lattle, if any, arc welding 15 done on
berylhum alloys, but if this method 1s used, it should be suspected as a
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possible source of trouble. Tests of the surroundng atmosphere shouid
he made and, if 1t seems pecessary, the aperator should wear a respirator.

The alloys are so ductile that pohshing causes susface flow, and no
dust resuling from this process has ever been observed. Nevertheless
polishmg operations should come under suspicion, and the conditions
under which they are done should be investigated

With other members of the Genera) Electnic Company's research staff,
1 have been working with mdustnal alloys of beryllium smce 1930. Dur-
mg the thirhes we made tons of such alloys m our laboratory 1 have
been closely m touch with 12 ficensed vendors producing industnal
afloys under General Electric patents, m some wmstances since 1836 Our
foundry at Pittsheld, Mass . also made berylhum alloys for several years
Not one case of any of the three types of disease associated with beryl-
hum has been observed, or T should say recogmized, in the laboratory
or m any of these plants This does not mean that trouble associated
with mdustrial alloys of beryllum caunot result from poor metallurgic
control at the lack of any such control, or from ignorance or downnght
foolishness It does mean, however, that we can have lngh hopes of
achieving a situation m which no health problems will ever anse i any
plant. The price of hife and health i any mdustry 15 intelligent vigilance
based on specific medical information

The foregomg remarhs were written before Dr Jackson presented Ins
paper on the expenience of the American Brass Company My comments
on tus report are as follows,

1 Because they are final mittures used m manufacturing, I have
dlassified the alloys contaming about 2 per cent beryllim 1 a copper
base as mdustrial alloys Their berylimm content, however, 15 only one-
third less than that of the master alloy of 8 per cent berylhum and 97
per cent copper. These alloys with 2 per cent berylum therefore are
border-lme cases, and should properly be classified with the master
alloys as matenals calling for special precautions Even so, the American
Brass Company 15 the only firm to seport any damage to health m the
production of alloys with this proportion of berylhum,

2 The percentages given before are based on weight, but what
actuafly count are atomie percentages The alioys containing 2 per cent
berylhum by weight contain 10 atomie per cent, that 15, 10 of each 100
atoms are berylum atoms The other mdustral alloys have only from
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2 to about 8 beryllum atoms per 1000 atoms of alloy. Thus the alloys
with 2 per cent berylum by weight contain from 15 to 50 times as many
atoms of this metal as do the other industnal alloys, Again we note that
Dr. Jackson’s company is the only one to have trouble with industrial
alloys of the type having the Inghest beryllum content.

3 Previously I have mentioned the need for careful disposal of the
particles produced when mngots of master alloy are cut Dr. Jachson
associates some of his company’s trouble with a shearing machine and
also with the scrap department. One possible source of the trouble is
immeduately suggested.

4. In thus foundry an induction furnace was used to melt the beryllivm
alloys. An induction furnace causes continuous stirring of the melt by
eddy cutrents By continually breaking the film of dross and thus ex-
posing a fresh liquid surface to the am, this stirrng greatly increases
the amount of berylhum lost Although in the production of most indus-
trial alloys, for economie reasons such losses must be kept down to about
0.02 to 005 per cent of the berylhum in the melt, m the case of allays
with 2 per cent beryllum, losses of 01 to 02 per cent can be tolerated
For this reason the relatively high losses due to induction melting may
not have been noticed m the American Brass Company One effect of agita-
tion of the melt, however, 1s to decrease the proportion of Jost beryllrum
which 1s trapped 1 the dross, and to merease the proportion which
escapes 1nto the atmosphere Thus induction melting may be one reason
why the American Brass Company has had cases of illness, whereas
other manufacturers of the same type of alloys have not

Long ago the manufacturers producing mdustrial alloys under the
General Electric Company’s patents were specifically warned against
mduction melting Ouly quiet crucible melts n furnaces fired with o1l, gas,
or coke were recommended.

5. With materials other than berylhum, instances have occurred in
which fumes 1ssuing from a bulding were carned back mside by the
prevaiing winds of the region. This phenomenon 15 more likely to
occur where hoods are lacking aver melting furnaces, but it can occur
even when fumes are removed by an exhaust system. Perhaps this is
what happened at the American Brass Company’s foundry, If so, during
a period of time the fumes might have collected in the scrap room, even
though this room was located at what seemed to be a safe distance from
the furnace i which berylum alloys were made
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6 Two cases have been reported of iliness associated with a piekling
process in which alloys such as those made by the Amencan Brass Com-
pany were mmersed i an acid bath m order to brighten the surface of
the metal. Probably these cases resuited from a lack of adequate vacuum
heods over the tanks In this detatled description of the American Brass
Company’s bulding, Dr Jackson makes no mention of a pickling bath,
and therefore the sulfates formed m tlis process can be ruled out as a
factor i this company’s prablem

7. Long before any ifiness which might be traced to beryllum was
recogmzed, it was known among metallurgists that the American Brass
Company’s equipment was not ideal for producing the beryllium alloys,
and that these alloys did not fit i with the company’s other products or
1ty general policy It was known that the company wished to be rid of
the chore of making them 1f 1t could do sa and still supply the demands
of 1ts customers Not until the Beryllum Corporation was heensed to
produce under the Amencan Brass Company’s patents did the latter firm
cease manufactunng beryllum alloys (The American Brass Company’s
patents cover the addion of as much as 05 per cent of nickel to the
alloys, whereas those of the Beryllwm Corporation cover the addition of
similar amounts of cobalt,)

The possibility of a menace to health, of course. may have influenced
the Amencan Brass Company’s decision, but 1t should not be mferred
from this decision that the manufacture of alloys with 2 per cent beryl-
hum s dly 1 d Such an mtery would be wnfar
ta other producers, and could be used agawst them in labor relations.
The Beryllum Corporation 1s equipped to produce these alloys under
safe conditions

In conclusion, let me give warning that loose use of the term “beryl-
hom ndustry” can cause 3 m the 4 of
engmeenng problems It can cause Joss of time and production throngh
confusion m labor relations Let me also repeat the p]ea that compan)

P work m close coop with thewr

Further Discussion

or PrvastoN D Jackson, how many roentgenograms were made of the

people employed dunng that period of years when your company was
making these alloys?
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DR jAckson: We had 6 cases—to be precise, 4 cases in which the diag-
noses were confirmed at autopsy, 2 patients are still living, Roughly 75
per cent of the employces in the building have been x-rayed. If there was
any question of fibrosis of the lung, the films were sent to Saranac for
mterpretation,

bR sisoN: Dr Jackson, how many histories of general allergic sensi-
tvity were discovered i the cases of those 6 individuals who developed
sarcordosis?

o Jackson. In the lustories we recorded we could find no evidence of
any allergies.

pR cArmom 1 should like to ask Dr. Jackson if in his cases the princi-
pal pathologic finding was ncreased fibrosts, and how cxtensive it was.
b jacksox. That question 1s going to be fully answered by people
working at Saranac *

MR RiGHARDSON:  How can you expect that the alloys with 2 per cent
beryllium will be cleared of suspicion when we do not know the effect
of beryllum on the system?

pr. marriNeroN. I shall attempt to make my statement clearer. I said
I hope that the industrial alloys, except for those with 2 per cent beryl-
lium 1 capper, will be cleared of any suspicion if the recognized can-
trols are used.

MR micnarpsoN  Why do you pick 2 per cent as a dividing line?

pr. marmNeroX  As Dr Jackson has told you, his company has had

trouble with 2 per cent berylhum alloys. I tried to suggest some reasons

for that Two per cent beryllum s copper 1s about 10 atomic per cent;

one of every 10 atoms 15 an atom of beryllum I shall never recommend

induction furnaces for heating such an alloy.

I am confining my hop d 1t's a real hope—to the theory that with
proper metallurgie control the alloys containing 0.4 per cent beryllium
or less will give no trouble. I have made the statement that as yet no
evidence of toe effects from such alleys has been presented to me, and
that 1 my expenence I have hnown of no case of illness assocrated with
them The allays containing 0 4 per cent beryllium or less are my particular
feld of interest.

*® Sce Chapter 11 (Ed )
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pr GREENBURC: Did I understand you to say that, i all these years of
cxpenmenting in your research laboratory, and i all the years in which
General Electric has sold these alloys, you haven’t had any cases at all>
pr yareineroN-  That's absolutely true not one case.

pr sroprin: I should Iike to make some remarks applying to the ques-
tion 1aised by Dr, Greenburg and to Dr Harnngton's statement. On
September 25, 1947, I visited a large New Jersey plant which has been
manufacturing fluorescent lamps for several years I inqured of the
management whether they had any knowledge of any case of beryllum
poisoning developing m their plant, The answer was “absolutely none.”
1 personally know of 3 positive cases of berylum poisomng which
developed m that same factory, Dr Martland reports on 2 fatal cases
traced to that factory ® When I inquired about one fatal case of the
acute disease, they said they were positive that the patient died of virus
preumonia The second case was one of the chrone disease, again the
g demed any possibility that the patient could have died of
exposure to beryllum The pomnt I wish to make 1s this industniahsts
may be mnocently unaware of any cases of beryllum poisoning 1 their
plants, but nevertheless such cases may cxist, although the berylhum
personing 15 not recognized as such The disease apparently 1s not well
enough known by physicians for them to be able to pick cases out
T shall leave further details of these cases to Dr Martland, but I want
to present this pomnt at this time because whenever we hear that no case
of berylium poisoming has occurred n a plant i which bery lhum 15 used,
the question naturally anses as to whether various cases of illness among
the employees have been correctly diagnosed.

DR Mitrtean I have two questions. One 1s tn connection with the cast-
g of berylhum alloys s this a sand-casting process, and 1f so 1s there
any siicosis associated with the sand casting?

DR JacKsoN N, there 15 no sthcosis Dr A § Gray of our Connecticut
Department of Health personally made the tests m our mdustry when
the question of silicosts arose, and we got a clearance from him, There
15 no sand used 1n the casting, of course.

DB MuLGAN  No sand used in casting? The alloys you work with are
not cast in sand?

* See Chapter 14 (Ed )
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DR HARRINGTON:  Yes, the alloys T speak of arc poured 1n sand molds, as
well as mn metal molds.

DR MILLIGAN I wonder if there might be a dual relationship mvaolving
both silica and berylhum or berylha n ths alloy industry,

My second question is whether fluorme or acd radicals have been
looked for and considered in connection with the alloy industry?

DR. JacksoN:  We never fabricate with any of the berylhum alloys we
cast. .

bR HARRINGTON: T don't believe that in either your business or ours,
Dr. Jackson, there 1s a possibility of an acid radscal coming nto the
prcture, for though berylum metal produced as such may carry from
05 to 10 per cent fluorine on occasion, i the industrial alloys there is no
possibiity of an acd radical, and the master allays da not carry fluorme,
as the so-called pure metal may.

UNIDENTIFIED STEAKER  Dr. Jackson, did any of your patients show kid-
ney stones at autopsy?

DR Jackson: None showed kxdm:y stones, one shawed nephritss, but
no stones.

MR KAwEckl, Since the recent appearance of newspaper accounts of
beryllwm poisoning at Westnghouse, we have been bombarded with
questions from our customers concermng possible toxic effects from the
use of beryllum-copper strip and other forms of such alloys We have
never heard of any of our customers’ gethng into trouble; that is, we
have heard of no trouble with any of the cold-forming or heat-treating
operations. To make sure, we asked one of our customers who uses
beryllum copper, I think exclusively, whether he has had any trouble,
and we got ths letter from Tum in reply:

“As specialists in making beryllum-copper parts for more than 10 years,
we have handled many tons of beryllum-copper wire and strip, and
among our more than 100 employees working with beryllium copper
daily, we have never experienced any tovic effects No special precau-
tions have been taken other than would be used for handling ordinary
copper or bronze ™

I should hke to ask Dr. Jackson whether any customers of the American
Brass Company have ever made complaints or had trouble
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DR JacksoN. Not that T have heard of

MR, coox  Have you, Dr. Harrington, had knowledge of any cases of
mjury to health referable to alloys contaming 04 per cent berylium or
less, where proper control was not exercised or where the alloys were
melted m induction furnaces?

PR marmNGTON,  We don't hnow of any cases under any conditions so
far,
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which have been used in General Electric phosphors. The final powders,
after firing, contain less than 1 per cent erystalline silica,

These phosphors are stable ds under the usual conditions to
which they are subjected. They do not deteriorate with use in any
lighting fixture. The metallic components of these powders can be
hydrolized by strong mineral acids. A fact which may have mare direct
beanng on our & hate problem is that the phosphors are readily
decomposed by 1/1000 N acetic or phosphoric acid, 1 hope that this
symposum will furnish more 1nformation on the chemical properties
of the phosphors, and especially on the effect of organic acids on
zine beryllium silicate. As some of you may hnow, zine beryllium
silicate 1s a loose term for this phosphor. In its preparation there is no
atom-for-atom displacement of zinc by beryllium, the final powder is a
mixture of zmnc berylhum silicate ({Zn,Be]:$10,) and beryllum silicate
(Be:510,), as only one-third of the zinc m zine silicate (Zn:5i0,) can be
replaced by beryllium from beryllwm oxide.

The particle size of the berylhum oxide which we have used was
generally less than 3 microns On one occasion during the war a small
quantity of more granular beryllum oude was used In the final phosphors
the majonity of particles are smaller than 5 microns, by measurement
with the electron microscope. The remainder of the particles vary in
size, the largest, constitutmg 1 per cent of the total number, being smaller

than 40 microns.
In the early stages of fluorescent lamp manufacture the berylliem con-

tent of the phosphors used by different companies varied widely, To the
best of our knowledge, General Electric powders had the lowest beryl-
lium-oude content of all those used m the United States, Because of the
necessity of conserving berylum for the war effort, m Washington, in
July 1942, our formulas were offered for the use of all fluorescent lamp
manufacturers. It 1s possible that this date may have importance for
the solution of the berylium problem. I shall be particalarly interested
if disease of the type we are interested in is discovered in workers who
were nat expased to fluorescent powders until after July 1942,

The theory that a low berylum content in the phosphors is important
is somewhat weakened by the fact that 2 of our employees have con-
tracted a peculiar disease in swhich nodular shadows are seen in roent-
genograms of the lungs. Because the course of the illness and the
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roentgenologic findings m these cases are closely sumilar to those i
cases reported among employees of other fluorescent Jamp manufac-
turers, all cases probably should be ¢ dered as
disease states,
1t should be noted, however, that ouly 2 such cases are known to have
occurred among the approvimately 8,000 people employed by the General
Electnic Company m the manufacture of fluorescent lamps durmng the
company’s experience m this Iime Both patients are men Their symptoms
appeared m one case two years and in the other three years after the
last exposure to phosphors Both had had a somewhat unusual experience
for our empl , n that ly with their exposure to phosph
or immediately thereafter, they had been exposed to fumes of h)dro—
chlone and hydrofluoric acid and to tovic substances maident to the
manufacture of tungstic oude and tungsten filaments
This almost mintmal incidence of the disease m question deepens the
mystery Inquiry has elicited no evidence of unusual illness or loss of
working time among our employees making fluorescent lamps
Appmumatel) 100 employees have been diccetly engaged mn the
of phosph Although early mn our exp no unusual
precautions were taken to prevent exposure to dust, none of these peaple
has had an illness which can be remotely connected to berylhum ex-
posure, Physical examinations and chest roentgenograms, made yearly
smce 1943, have been umformly negative

P ing sumilar

Many of our employces have now been evposed to fluorescent powders
for almost nine years Mass chest x-ray surveys of such employees m the
Cleveland area m 1944 and agan m 1947 revealed no unknown mstances
of granulomatous pulmonary disease

As a result of our expenences at the General Electne Company, we

have formed the following hypotheses g delayed ch 1

Ppneumoconiosis,

1 The hazard associated with the ordinary processes of fluorescent
lamp manufacture must be small

2 A detaled comparative study of the processes used carly by the

vanous fluorescent lamp manufacturers should furmish some clue to the
etiology of the disease.

3 Beryllum probably 1s an etiologic factor in delayed chemical pney-
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mocomosts, but multiple novious substances must be factors in the causa-
tion of this disease.

Further Discussion

or nicnoL. Has any statistical analysis been made of the incidence
of the disease m relation to the number of workers employed m the
vanous processes which Dr Beyer mentions?
MR. MORSE. A sumple statistical breakdown of cases in relation to the
number of employees engaged in each operation is extremely baffling
A number of cases are associated wath operations in which few people
are employed and 1 which exposure apparently is slight. Conversely,
few or no cases are associated with certain other operations 1 which
many people are employed, apparently with exposure to greater con-
centrations of beryllum compounds. We do not yct have a measure o}
exposure accurate enough to warrant drawing any conclusions on this
point
pr, naroy: I should Iike to add to what Mr Morse has said, A great
many at Sylvanm Electric Products worked at two or three dufferent
stations, so that when you add Mr, Gleason’s figures, you get a terrifymng
number That fact 1s important m sizing up the situation
bR pivksToN  Dr. Nichol, over how long a period of time were how
many of the people followed up among whom no incidence of the disease
15 reported? You mentioned 8000 employees
pr nicnor: Agamn I shall try to be very factual. Four hundred and
nimety people were examined roentgenologically in 1944 These people
were nearly all those in the Cleveland area who had had any considerable
exposure to fluorescent matenals They were a truly representative
sample

The roentgenograms were reviewed by the tuberculosis group of Cuy?-
hoga County, m which Cleveland is located They were reviewed also
at the Saranac Laboratory, whose staff I believe we will agree is com-
petent Without exception, all observers made negative reports for the
disease m question

Of some 1nterest 1s the fact that one person whose exposure ceased 10
1942, and whose roentgenograms were negatne in 1944, developed alt
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the mantfestations of this disease late 1 1945 How do we hnow that
particular indisiduals don't have the disease® We do not, from the
evidence we have

In 1947 the examination was voluntary, not all the fluorescent lamp
workers were v-rayed We think, however, that agam we had a repre-
sentatie sample, I estimate that more than 60 per cent of those exposed
were vrayed These flms did not show granulomatous disease of the
lungs.

In addition to making these examinations, we have talked to the various
managenal groups and to nurses employed m the local dispensanes, and
we are basing our opmion partially on their statements I think that such
evidence 1s a little better than it seems 1 can’t conceive of anyone’s
having the climcal syndrome assoctated with this disease without mam-
festing 1t 10 such a way as to attract someone’s attention Stdl, I am
aware of the fact that cases have occurred n which changes were seen
on v-ray exammation, though no climeal symptoms were present

pr nAZLETT  When we d to £ il lamps
at Westinghouse, in 1941-1942, we realized that some dust was mevitable,
and that, as in any dusty P 1 of any

person put at that work should be 2 matter of mutme

In 1943 T had the privilege of sitting 1n on a conference at Rochester,®
and of seeing roentgenograms from the cases which were occurring m
Massachusetts Of course, at Westinghouse we Iopked over our roent-
genograms and tried to find cases which might perhaps be put in the
same classification. But it was not unti] the sprmg of 1947 that Westing-
house Jomed the happy throng, We had been most vigilant since 1943,
making periodic x-ray exammations of large groups With this experience,
I must agree with most of what Dr Nichol has said m his discussion of
the fluorescent lamp ndustry.

DR suiPMAN. At the present time I am following up one girl who was
formerly employed m a fluorescent lamp factory Her roentgenograms
show charactenstic changes, but for almost a year she has been symptom-
free

or. nenor 1 think our genog d a far pl

* Ste Chapter 1, page 5 (Ed )
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The fact 15 that none of the people examined had a granulomatous dis-
ease Different people may interpret this fact in different ways.

There was no important selective factor. Mr. Hughes, did we not
examine virtually 98 per cent of the group employed?

MR hwenks:  The 1944 survey covered wvirtually every person in our
fluorescent lamp factory, we made the examination almost obhgatory.

pr. NIcioL,  There were 490 people included, or 88 per cent of the group
m question, None had the disease, although one subsequently mani-
fested it

MR ItucHEs, In connection with the question Dr. Pinkston asked a while
ago, T beheve she might be interested to know that the 8000 people whom
Dr Nichol spoke of had ronghly 15,500,000 man-hours of exposure That
means an average of about 2000 hours of exposure for each mdividual

bR vorwawp Dr. Nichol, m stating your hypotheses you remarhed
that beryllum 1s probably an agent in the causation of this disease we
are studymg, but you also said something about multiple novious factors,
1 wonder whether you would hke to expand a bit on that point

br. NicHoL. I resolved that my remarks were going to be factual, but
now they must become highly speculative, for the incidence of the dis-
ease as reported by other manufacturers has been high, whereas m my
company’s expenence it has been extremely low. If beryllium or one of
its compounds is always mvolved, there must be a factor common to all
cases But that common factor may not be a dommant one, for otherwise
I could not explan the marked variation in incidence. I have to assume
an additional factor, and I'll say factors, because no single one 1s apparent.



CHAPTER 4

Present and Future Uses of Beryllium

CHARLES B SAWYER, PHD,*

In considermg the berylhum industry of the present and future from
the point of view of health, it 15 well first to analyze quantitatvely this
country’s past and present importation of ore Our mmports are particu-
farly sigmficant for the reason that the Unmited States produces less than
10 per cent of the ore which 1t consumes, consequently our ore importa-
tion 15 an exceptionally good index of the activaty of the beryllum indus-
try Table I gives our annual imports from 1937 through 1946

The only commercal source of the element berylhum at present is
beryl, or berylhum aluminum silicate This mineral, found m granitic
vems, m its 1leal composition contams 14 per cent beryllum oxde, 19
per cent aluminum owude and 67 per cent silicon oude In practice we
find that the beryl-beaning ore contains about 10 to 125 per cent beryl-
hum ovde, the average is perhaps 112 per cent, which is equn alent to
225 pounds of berylhum oude per short ton of ore Imperfect extraction
m the plants reduces the amount actually made avalable to mdustry
to about 170 pounds of beryllum oude per ton of ore

A short ton of ore vields from 72 to 86 pounds of beryllum metal It
1s probable, however, that only about 43 pounds per ton, on the average,
are extracted 1 the plants

During World War II something Itke 90 per cent of the berylim ovide
extracted from the ore was used for producing alloys of berylhum and
copper The remamder of the oxide was used prmeipally n the fluorescent
1amp wndustry, although important portions of this 10 per cent remamder
went mto refractories and light alloys,

Tt 15 clear that the requirements of the fluorescent lamp ndustry are

* Chatrman, Brush Benllum Company, Clevelind, Ohio
3
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small compared to the total amount of heryllinm ovide handled m the
plants extracting 1t. In other words, only about ane-fiftecnth of this coun-
try's production of beryllm oxide goes to the fluorescent lamp industry,
winch fs so prominent in the health problem,

Table 1 gives not only the annual amounts of ore mined in the United
States and imported from abroad, but also the amounts of ore stockpiled
and the probable yearly consumption The table shows that the beryllium
dustry began to consume substantial quantities of ore in 1941, and
roughly doubled ats requirements in each war year for three years. Wnt-
mg w 1940 for Metals and Alloys, 1 stated that “the ore supply is not
unhmited, and were any great demand to appear, the supply might prove
temporanty inadeguate.”

TABLE | NEWLY AVALLABTE BER\I ORE IN UNITED STATES AND
TROBABIE YEARLY CONSUMPTION 1n 1937-1946

1937 1938 1939 1940 1941 1942 1043 1944 1945 1946

Short tons

Imports 182 146 459 805 2666 2050 4840 3115 120t II8(
Production at U 8,
mines 75 25 95 121 158 269 356 388 39 50¢
Total 257 171 554 926 2824 2319 5196 3503 1240 12317

End-of-year stock~

pile ? ? ? 4007 2200 2002 3590 4800 4387 40007

Probable consump-
tion ¢ ? 300 600 1200 2300 3100 2100 1200 1400

Tlus pount scems to have been reached in 1943, when the United States
Metals Reserve Corporation and offd  ernment age though lh(j)_'
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Such deposits, however, are unknown at present. The growth of a great
beryllmm mdustry ke the great tin industry must await the discovery
of adequate ore deposits

Bery Il 15 thought to lie between tin and arsenic i abundance, and
to constitute 00005 per cent of the earth’s crust,

Taste I 02k REQUIREMENTS OF
BERYLLIUM INDLSTRY CALCLLATED
wiTH Forwus ¥=2x2 4

Year Shors Tons
1931 2
1932 108
1933 29
1934 58
1933 100
1936 156
1937 26
1938 3
1939 420
1940 540
1941 660
1942 840
1943 1040
1944 1240
1945 1440
1946 1700
1947 1940
1950 3800

The berylum mdustry i the Umted States really began in the year
1931, when the estimated consumption was about 2 tons of beryl ore,
Only rough figures of ore consumption are avarlable for the succeeding
16 years, but the temptation to try to reduce the avaable data fo a
formula relating total industrial ore consumption to elapsed years has
proved too strong to be withstood The formula armved at s

Y=0xs13
where ¥ 15 the year's consumption of bery] ore in short tons, and X 1s the
number of years elapsed since 1930. Table IT grves the estimated ore
consumption for the years since 1031, as caleulated wath this formula

The cune resulting from this formula has a smooth paraboke shape,
without the uregularities found m the curve of actual experience, the
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small compared to the total amount of beryllium oxide handled in the
plants extracting it. In other words, only about one-fifteenth of this coun-
try’s production of berylhum oxide goes to the fluorescent Jamp industry,
which is so prominent 1 the health problem.

Table I gives not only the annual amounts of ore mined in the United
States and 1mported from abroad, but also the amounts of ore stockpiled
and the probable yearly consumption, The table shows that the beryllium
industry began to consume substantial quantities of are m 1941, and
roughly doubled 1ts requirements in each war year for three years, Writ-
mg m 1940 for Metals and Alloys, 1 stated that “the ore supply s not
unhmited, and were any great demand to appear, the supply might prove
temporanly inadequate.”

TaBLE I  NEWLS AVAILABLE BERYL ORE IN UNITED STATES AND
PROBABLE YEARLY CONSUMPTION IN 1937-1946

1937 1938 1939 1940 1941 1942 1943 1944 1945 Dt

Short rons

Tmports 182 146 459 805 2666 2050 4840 315 1200 118
Production of U §
mipes 75 25 95 121 158 260 356 388 39 50
Tota! 257 171 554 916 2824 2319 5196 3503 140 1W?
End-of-year stock-
pile 22 ? 40072200 2002 3550 4800 4587 40001
Probable consump-
ton > 2 300 600 1200 2300 3100 2100 1200 140

Thus pont seems ta have been reached in 1943, when the United States
Metals Reserve Corporation and other government agencees, though they
searched every likely part of the world not under Avis control, could
procure only 5100 tons of beryl ore, at approximately four times the
prewar price. Apparently, the available supply of ore at present is less
than it was then. Thus the slump m industrial ore requirements after
1843 1s a fortunate ci if time is required to develop new
sources of beryl ore

Perhaps future additional sources of beryllium will be ores of minerals
other than beryl, for many minerals containing beryllium are hw‘-‘"“
Perhaps these sources will be lower grade deposits of beryl, made usefd
by the flotation methods recently developed by the Bureau of Mumes
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formula 15 an attempt to find an average among these rregularities. The
figure at 2 particular pomnt on the formula curve may have to be multi-
phed or divided by a factor sometimes as great as three to make it con-
form to a swing of the expenence curve, Great as this factor may seem,
1t is small compared to the total variation in ore consumption during the
16 years begmmng with 1931, when about 2 tons were consumed, and
ending with 1946, when 1400 tons were used

This formula imdicates that subject to a factor of three, the United
States berylhum mndustry’s ore requirements in 1950 will be about
twice what they are m 1947 In contrast, the demand increased
several hundred per cent m cach of the industry’s early years. This con-
trast simply means that henceforth the industry’s rate of growth wll be
slower than m the past, and that consequently its employees will be
subjected to fewer abrupt increases in the amounts of beryllium to which
they are exposed

The properties of metallic beryllmum and its compounds are remarkable
for the number of extremes which they present. For example, beryllium
15 about as light as magnesium, but still has a modulus of elasticity greater
than that of steel. Although its appearance and chemical stabihity remind
one of alummum, its melting point 15 far higher than that of aluminum,
it approaches that of won Thus beryllum has the possibility of useful-
ness at temperatures at which alummum and magnesium are softened
or melted Berylhum 1s 17 times as penetrable to x-rays as 15 aluminum,
and therefore 1s sutable for x-ray-tube windows. Under nuclear bombard-
ment 1t 1s the most eficient metallic source of neutrons now known.

The strongest copper-base alloy known 15 formed with 2 per cent of
berythum, and the same proportion of beryllium makes the strongest
known alloy based on nickel Magnesium 1s made far less inflammable
by the addition of an unbelievably small amount of beryllum (0005
per cent).

Of all known metallic oudes, the ovide of beryllum has the best
general properties for making crucibles and electric furnace refractories,
though its cost precludes wide use for this purpose Two per cent of
beryllum oude added to zinc silicate broadens the latter’s band of
fluorescence under ultraviolet light enough to make zme silicate the most
valuable phosphor known

In the feld of physwology, aljr)’ "1m compounds produce extreme
effects.
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heat. The effect occurs with most metals, especially when circumstances
permit the admusture of a third element n an alloy.

Hardening by precipitation has been noted when beryllium was added
to lead or silver, and Dr R H Harrington, research metallurgist with
the General Electric Company, has observed this effect with zmc and
aluminum The use of beryllim in alloys of zine or aluminum for die-
casting is indicated, and surely some entirely new alloys hardencd by
precipitation will be found.

An mportant and mereasingly widespread use of beryllium is as an
alloying clement to ensure the automatic formation of protective films
over molten alloys of easily ovidized metals such as magnesium, alumi-
num, and zine. The berylinm m the surface Tayer of a mixture is qm’clly
oudized to form 2 tight, strong envelope which protects the bulk of the
alloy from further ovdation Such a flm is especially effective with

g but unfor ly the addition of beryllium to cast magne-
sium-base alloys coarsens the grain, and this unsolved problem prevents
wider use of beryllm by the magnesium industry.

The protective effect 1s noted in both molten and sold beryllium cop-
per, and probably occurs with most other metals, It has been observed
with silver even at room temperature, when it tends to reduce tarpishing;
thus beryllium may prove useful in silverware. Beryllium-ovide flm pro-
tects certain aluminum alloys when they are handled in the solid state
at hugh temperatures. & possible use far berylhum-oxide protectne £lm
is with the electric resistance alloys used for heating elements. To pre-
vent oudation, beryllum oude may even he sprayed on tungsten wires
and used at ligh temperatures.

Related to the protective effect of the stable oude flm is the scaveng”
ing action of berylhum added to metals such as copper, nickel, and
aluminum, This action was observed m Germany during the manufacture
of intricate castings for the cylinder heads of awr-cooled motors for planes
The alutmaum alloy cleaned up by beryllium flowed extremely well mto
the thin sections Thus beryllium has interesting possibilities as a scaven-
ger m alummum and magnesium alloys to be cast m intricate molds

Probably the only combmation of light metals in which a high propor
tion of berylhum 1s useful is aluminum with some magnesium In sUT}'
an alloy for awcraft pistons, for example, beryllium 13 particularly desit-
able to give mechanical stability at high temperatures Although the
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crucibles In the electric lamp industry, the use of beryllia for refractory
molds for special purposes may be expected to merease.

Like the metal, beryllium ouide can be used under nuclear bombard-
ment as a source of neutrons, and for this purpose may be employed
at much higher temperatures than 1s the metal.

Zine siheate modified by the addition of 2 per cent beryllium ovide
fluoresces m a broad band under ultraviolet ight. It forms the basis of
the fluorescent lamp 1ndustry, though it is supplemenled by sarying
amounts of one or two other fl; g o Is, depending on the
color of light desired. The combrmation of zinc silicate and berylhum
oude 15 highly efficient and therefore i all probability will continue in
use.

Beryllum mtrate 1s used 1 gas mantles, beryllium stearate in printmg
ks, and beryllum mtnde mn the manufacture of carbon 13

Twenty-five years ago beryllium was used only in the form of beryll,
for a single purpose, but today this element has numerous uses of inter-
national importance. To one who has watched this development, 1t is
surprsing and moving to see how much has been accomplished. Much
more work remains to be done, however. The solution of the ndustry’s
health problem 1s vital for progress We may, I beheve, feel sure of future
success 10 solving this problem and thus helping the industry to assume
greater responsibihities

Discussion

HENRY C. KAWECKI®

I cannot hope to add much to Dr. Sawyer’s excellent contribution ‘I
shall take this opportunity, however, to say a bttle about my companys
activities and our expenence with the health problem. The Berylln‘!m
Corporation is farly large compared with the other two companies
engaged in extracting beryllium from ore in the United States. At the
present hme we have about 400 employees, and during the war had
between 600 and 700.

Our experience with preumontis has not been bad, though I say that
with reservations, perhaps we have not looked hard enough for trouble.

® Research Physicast, The Berylbum Corporation of Amenca, Reading, Pennsyhanid
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Jem, and recently they made an x-ray examination of everyone in the
plant.

I should like to add to Dr. Nichol's remark that people may work a
long time with beryllium without being affected * I have been breathing
beryllinm fumes of every type for more than 13 years, and yet here I am
We have had people working for a long time in the most dusty atmos-
phere in the plant, in the spot where berylhum oxide is heated to a high

perature and then shoveled out of the furnaces. The shoveling is 2
dusty occupation, Yet one man has been engaged in it for 13 years,
another for 15, and another for 17 years. Certainly, therefore, not every-
one 15 susceptible to the possible toxic effects of beryllium.

Further Discussion

pR. vorwarp.  Mr. Kawecki, have you had an x-ray examination of your
chest?
MR xaweckr. [ had one m August 1947. I also had an x-ray exammnation
two years before that, and each year previously for three or four years,
at my own expense
bR, sconNavaccir  As plant physician, I have had several of the 10 peu-
momtis patients whom Mr Kawecki mentioned under my care. The case
of the man who died 1s going to throw another moukeywrench into the
machinery and even make the problem a little more interesting, for the
diagnosis gaven by the pathologists—six or seven of them—was ke that
in the cases at Saranae, and the microscopre picture was exactly the same

The other 9 patients have been followed up and re-examined roent-
genologrcally Erght are free from symptoms now. The ninth is 4 matt
whose 1llness T discovered within the past week, and who now has 3
ful g resp y inf if you want to call it that Laboratory
data are negative, and so the future must solve this problem

Most of our trouble at the Beryllum Corporation has occurred in the
pickling department which Mr Kawechi mentioned, where the employees
are in contact with sulfunic and nitric acid fumes. Three of our cases,
mncluding the one which ended fatally, oniginated in that department.
In the shoit tune I have been with the company my theory has been—
I am just mentioning a theory—that the sulfuric acid radical or the fumes,

© See Chapter 3, page 35 (Ed )
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CHAPTER 5

A Common Denominator

CHARLES R, WILLIAMS, PII n.°

A 1 is “a bination of terms, subject matter, or
the hike equally agreeable to all of a group™ (Webster). This is precisely
what we are trymg to find for the various phases—medical, experimen-
tal, chemical, and engineering—of the investigation of the beryllum
problem We are trymng to gather data which are consistent with each
other and to fit them mto a pattern which logically explains what happens
to people when they mhale certan beryllium compounds. In addition,
we are seeking a means of p g people from exp which injure
health

We are dealing with at least two phases of a disease peculiar to indus-
tries using beryllum in many forms. In many respects the two phases
present two distinct problems. The acute form of the disease appears to be
the result either of heavy doses of beryllum oxide or of varying degrees
of exposure to beryllum fuoride, beryllum chloride, beryllm sulfate,
and sumilar compounds This phase seems more clearly definable than
the other, although there are confy 1 such as festations
which apparently are allergic, and occasional cases in which the exposure
was shght In most cases, however, mhalation of a beryllium compourd
definitely occurred, and in general this form of the disease most fre-
quently 15 associated with the plant areas where the heaviest concentra-

tions of dust occur.
The fund ! g the acute form of the disease
d radicals of

Y
centers on the relative significance of beryllium and the ac
certamn salts. This controversy is flustrated by the entirely ddfex'eﬂf
approaches to the problem taken by the authors of two papers descnibing

# Liberty Mutual Insurance Company, Boston, Massachusetts
50



Comme, Dencminator 51
hazardg to heapty, 1 the by, beryllxum mduxtry. In 1944 Shilensss and
s asS0ciatey Made 5y mdustr,a; hygiene Study of , belylhum-pmducm

3

Plant 5, Pc-nmyl\am ey dism, vl Pathogen, agent,
and repo, atm, Phene g, Centrations of flugrig, and oxdeg of nutyq.
&en 1oy, ch y ttributeg t Tespiragg, ase CTMatygyg
occurrygy th In j945 nOnlstranlI" 255013t
howeye,. Paper ty1eq B hum Poyg, g, descnbEd cases of
Preumgp,yy, the Ployees of Plant Perfory,, g Perationg
Stmslay 4, 105€ carrreq ! the Scribed , len Ord.
Strang 'S Assacrateg onsider b, it iMPortan, Causaty; o factor
 these

TFhis damepy, iffere, Opon be reg ¥ proper
undersy, g of the dcute Reuman, s Question, of Whether 1
hum, g, aed ragye, ) 0r 3 Mbmatioy, 18t use, myse NSWere,

So-calleq g, 2¥ed pney, Mg gh, e many g O which
are forelgn to th, Usya) Pattery, Upationa] g, e, O% ey
dence, ¢, fag 1y Stablisheg lation 4, legree Posure, apg
the Jop, del, € onset of ¢ toms i, Y cases gy ke for cop
fusion ¥ Methogs attacky, N indugty, Wgiene Problep,
Were of hittle ), ty in the Mestimat, Tt wag discon, ering to find
Severe Hlinegs g, Ping 1 Orkers who @ only g ght €1po.
Suze, yhe, as by Is of oyeas dmng ha Wwere yigp) e dust,,
10bs remg, n, “haffecteq © merden vas low ., Plant, and
Others Making ge Same Producy, ., €28€s \were foung €N caseg devel,

Ped four , d fre Years gfe, the cegsqy, of expogy,

When the firgy Cases of rcspzmtory disease 2ppeareq Ofesceny
amp n 1941 I e Was nog 2ppay fae, they, “ere
30 few 1 Telatioy ¢, the p, ployees that there was g Teasonable
doubt Ocoupatmnal or; As the uUmbe, S Mereggeq

OWever, at 'Pls were o fing Nator 1 th
mdusmale ronmentg Severg) ®MVironm, Al factor, Te o I Wwhye
™IZht pogs, by Ontribute 4 istng isease, pyy b on e fa,
tors vag by i to af the Cases Ing facto, loymcnt
™ oap, tieular 1, Iding here g, “Mmps v, Uefactyy, d,
Al oug, gy, ing phovph “touspy ere Mmost of
the Pattey nhaleq, or ¢



52 Pneumoconiosis

inspection by means of ultraviolet hight, revealed that the entire building
was under negative pressure and was contaminated. Stil, several of the
patients had been exposed only very shghtly.

Late 1n 1941 the operations performed in this plant were transferred
to a new building with escellent ventilation, and it was generally believed
that the disease would disappear. The first few cases of illness reported
i the new building were all among employees who had been exposed
m the old building, and so the original theory still seemed valid, Eventus
ally, however, the discase appearcd in ant employee who had worled
only in the new building. This case was followed by others Ithe 1t and
a new common denomimator was sought.

By late 1946, 36 cases had appeared, and all the patients poSSlM)’ had
been exposed to a particular group of phosphors contaimng either about
6 or about 12 per cent beryllium oxide in the final mix.

Sometime wn 1943 the amount of berylha in the phosphors was de-
creased to approximately 25 per cent It may be significant that no
employee m this plant has yet contracted the disease who was hired since
the use of the phosphors with the lngher beryllium content was discon-
tinued. Moreover, no undisputed cases of the disease have appeared
among the employees of manufacturers using phosphors with 15 or 25
per cent bervllm oxide w the final mix, It is entircly possible, of course,
that the disease merely takes longer to develop when the exposure isto
phosphors with a low beryllum content. Or we may be dealing with
different compounds of widely different tovicity.

e pheric analyses were not possible in the early stages
of the investigation because a reliable method for determining the amo?ﬂ'
of berylhum m the air was lacking, The atmospheric concentrations which
produced these 36 cases therefore will never be hnown

In addition to the cases in the fluorescent lamp industry, cases of
delayed pneumonitis appeared also m other industries using beryllium
compounds, and so berylhum became suspect. Now the entire problem
1s bemg ked in a ic way. The i gation is gomg to I‘)e 2
tedious one for the usual routine methods for attacking industrial hygiene
problems will not yield quick or spectacular results.

The magnitude of the berylum problem obviously is determined by
the uses to which this metal and tts compounds are put. Lamb®™* “““"s
that “possibly the main factor preventing the use of more beryllum
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the lack of a large source of beryllium ore.” The production of beryl, the
only rmportant ore of berylhum, has never exceeded a few thousand tons
annually.

As beryl contams only about 5 per cent berylhum, 1t is evident that
on a tonnage basis the metal with which we are dealing is a relatively
unimportant one Nevertheless, because in many of its uses only minute
quantites of herylhum are required, the possible danger to ndustrial
workers is considerably more widespread than might be expected from
the production figures

At the present time the more important industrial operations mvolving
berylum and 1ts compounds are as follows:

Mining and Milling of Beryl Ore

Mining and milling operations imolve the handhing of the beryllum
aluminum sitheate (beryl) In the Umted States these operations are
performed on a small scale, and the mdustry is scattered over many
states No data are available on the possible effect of whalation of this
compound

In the past, much of the ore has been processed by hand, the beryl
crystals being piched out of the matrix matertal Recently, however, mten-
sive studies have resulted in the development of flotatton methods for
separating beryl from assocrated mumerals These methods will make
posstble the utiization of many ore deposits which formerly had no
commercial value

Extraction of Berytum

Far more tmportant mn relation to occupational disease are the metal-
lurgse processes necessary to extract beryllum from its ore In the evtrac-
tion plants, employecs are exposed not only to beryl but also to berylhum
oude, beryllwm sulfate, berylluim oxyfluonde, basic beryllinm earbonate,
berylliem chloride, and berylium metal Many cases of dermatitis and
acute pneumonitis have been reported from this mdustry, but the roles
of the various compounds have not been determned

Monvforture of Ceramics
For many years beryl has been used in the ceramic mdustry to clanfy
chronte colors m vitreous enamels and to provide destrable qualtties
lectrical porcelam. Beryl sub 1y

the strength of porce-
lamn, 1ts dxe]s-cmc ngidity, and its r(s:st:mcc to changes in temperature,
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and decreases shrmkage in firing. As much as 40 per cent beryl may be
used in this matenal. No cases of occupational disease resulting from
such use of beryl have been reported.

Duning recent years berylhum oxide has acquired increasing mmpor-
tance as a ceramic material beeause of its refractory quality. Fused
beryllia is a particularly suitable matenal for ceramcs to be used at
temperatutes near 4000° F. It 15 used for crucibles for casting metals with
huigh melting pomts, for linings for high temperature furnaces, for elec-
trical insulators, combustion tubes, and so forth. The manufacture of these
refractory products involves the handling, ing, and milling of bery-
lium oxide All these operations can be extremely dusty, and have gnen
11se to cases of acute pneumonitis,

Manufacture of Alloys

By far the most important use of berylhum in alloys 1s with coppe’s
the result being an unusually hard, corrosion-resistant, nonsparking alloy
with particularly desirable electrical properties and high conductwity for
heat. In addition, beryllum 1s ¢ £ an i ingly important alloy-
ing material for steel, aluminum, nickel, and magnesium, Exposure cat
oceur during the melting of these alloys as well as during subsequent
machining and gnnding, Several cases of delayed pneumonitis have
appeared among the employees of one foundry making beryllum-copper
alloys. .

Manufacture of Fluorescent Lamps

The most mportant phosphors used m the interior coating of fuores:
cent lamps contan small amounts of beryllium ovide The worhers
engaged in making the phosphors are exposed to berylhum ovide fmd
zine berylhum silicate as well as to silica, zinc oxide, cadmium ovide,
magnesum oude, tungsten trioude, and boron trioxide. Those engﬂggf“‘I
in applymg the coating to the lamp tubing are exposed only to Zf¢
beryllium silicate. i

In this industry acute pneumomtis has appeared among workers m'G -
mg phosphors and delayed pneumomtis among those manufacturing
lamps The former occupation was found to be accompanied by hea?y
concentrations of dust mn the air, whereas in lamp manufacture, lllef
eYposure was generally of a Jow order, although heavy concentrations 0'
dust, of brief duration, occasionally resulted from broken bulbs or specn
Operations
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Exposure may oceur in plants manufacturing so-catled neon signs, for

the phosphor used is identrcal to that used in fluorescent Jamps. Powders

contaming besylum oride are used also m the manufacture of electronie
tubes and stmiar arhicles,

Miscelianeous Manufactunng

Many mwor uses of berylum compounds might be noted. For exam-
ple, small amounts of berylhum nitrate, usually less than 05 per cent,
generally are used 1 solution to strengthen the ash skeletons of gas
mantles Berylimm metal 15 used mn the windows of vray tubes because
of 1ts transparency to roentgen rays and its resistance to heat The use of
beryllium algmate mn the production of synthetic fibers has been reported
from England

The aforementioned ases of beryllium and its compounds, together
with thewr use 1n stadies of atomic enesgy, acconnt for most instances
of exposure at the present time Apparently beryllium 1 some form s
always a factor 1n causing both forms of the pecuhar type of pneumomitis
with which we are concerned, Yet preumenttis does not appear every-
where berylum compounds are used. 1t does not wvanably accompany
exposure 1o speaific compounds Among Suorescent Jamp factones s
medence has vaned widely, 1t has appeared in one foundry making
beryllurm alloys, but has not been found throughout that industry, occa-
sionally someone engaged n bending Buorescent tubing for neon sigas
has been affected, but hundreds of sign-tubing plants have reported no
cases

We are faced with the fact that beryllium 1n sorme form 1s the common
denominator in these cases of pneumonitis Pneumonttis, however, is not
common to all cases of exposure to berylhum, berylbum alone does nat
explam all the facts Cansiderably more data are needed, and the follow.
ng queshons mast be answered

1 What s the relation between the acute and chronic forms of the

diseasc?

It

In the chronie form, what is the cause of the delay m the onset of
symptoms®

What 15 the signiicance of the low incilence of the chrome disease?
Can beryllium alone cause pireumonttis, or are there ather factors as
yet unknown?

o)
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[

Are 1ngestion of beryllium or absorption through the shin causatne
factorsP

What is the fate of berylhum in the body?

Which beryllmm compounds are toxic and which are not?

© w2

What levels of atmospheric contamination cause either acute or
chrome pneumontis?
Are there different levels of safety with different beryllum com-
pounds?

When these and many other questions have been answered, and only
then, will the role of berylhum in this industnal health problem be clearly
defined.

_
=

Discussion

EDWARD C. J. URBAN, M5 °

Instead of discussing the spectfic subject matter of Dr. Willams” excellent
paper, I shall supplement 1t with some observations made recently m the
Saranac Laboratory’s engineering studies undertaken for the purpose of
corselating the results of the Laboratory’s research with industrial experr
ence. So far we have visited 20 industnial plants, in which a total of 3500
workers are employed, m order to study the ways in which beryllum and
beryllum compounds currently are produced and used, and the varous
occupations in which exposure to beryllmm might occur. Sirmilar surveys
1n other plants are planned for the ncar future.

Begmnning mn late 1946, we approached more than 50 different pro-
ducers and users of berylhum and 1ts compounds for permussion to make
such sutveys, and received most gratifying response In all the plants
which we visited, the managers and supervisory pcrsonnel were COOETd
tive and showed no lack of mterest in any aspects of the health problem
which might affect therr employces Their attitude does credit t them
as indiiduals and to therr industry as a whole, especaally in view of the
fact that some of these men had had no previous contact with the Sarana¢
Laboratory, and that m a number of the plants, to the best of the manage:
ment’s knowledge no pational disease had app 1 which could be
connected drrectly with beryllium,

® Industial Hygrenst, The Saranac Laboratory, Saranac Lake, New York
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The different ways m which we found the element and 1ts compounds
bemg used are ilustrated schematically i fig. 1, As this chart is based
on data from 20 plants with a considerable number of employees, some
of the g lizations which may be developed from 1t can properly be
apphed to the beryllmm industry as a whole
Beryl is a mineral of igneous ongn, occurmng m pegmatite, and 15 2
by-product of feldspar mmng A good grade of ore contamns about 12 per
cent beryllum oude, which 1s equivalent to about 4 per cent metallic
berylhum  Almost all the beryl used m the several beryllum-extraction
plants which we wvisited was obtaned from South American sources
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Fic 1 Uses of berylbum and berylium compounds m 20 industrial
plants, classified by the beryllum content of the products and by the
temperatures at which the matenals are processed

These plants produce beryllium metal, lghly punfed beryllium oude,
and the so-called master alloys of vanious amounts of beryllum 1n solid
solttion with other metals such as copper, aluminum, 1ron, and nickel,
In the preparation of these products sulfuric acid and fluondes are used,
and the materals are heated frequently 1n ovens or electric furnaces, at
temperatures Tangug from 1100° C. to 2500° C. and higher Factors in
the occupational environments are the various stages of the extracting
process, various combinations of berylhum with other toxic agents, and
the effect of the safeguards provided m with
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3

1 winch chemical reactions are d by heat or by ather opera-
tions performed nearby. It has been mostly in these extraction plants
that the acute form of pnenmonitis has occurred,

Berylhum metal. we learned, was being used 1 atomic energy projects,
but we have no further information on this use of the element.

In one of the plants surveyed, ighly purified berylhum metal is added
to a molten mixture of chromwm, cobalt, nickel, and molybdenum fo
form an alloy contaimng 16 per cent beryllium. The combining is done
at a temperature of about 1500° C. This alloy, developed in 1931, sivce
then has been used m the manufacture of dentures and dental restora-
tions. We were informed that more than 300 licensed dental laboratories
1 this country are using this alloy. Examinations of the workers engaged
in making the alloy and of a number of technicians who fabricated the
dentures faled to reveal defimte evidence of disease which covld be
associated with therr ocenpations.

A common use for berylimm-oxide powder is in the Pmduc(ion of
master alloys of berylhum copper These master alloys, which serve a5
carriers of known amounts of berylijum, may contan from 3 to 125 per
cent of the element, but the type most generally used contains 4 per cent.
Weighed amounts of berylha, pure copper, carbon, and dross from pre:
vious melts are combmed. The muxture is bronght to a Ingh !emperamfe,
ranging from 2000° to 2500° C. or more, and then cast fnto small pigs
or ngots. .

The master alloy prepared in an extraction plant is used sometimes 0
the same plant, but more often i other plants, n the produchon of the
industnal forms of beryllium copper. In the foundries we visited, wdus-
tria} alloys containmg from 1.65 to 225 per cent beryllinm were made

by combmning specrfic amounts of master alloy with industrial beryHlum:
t temperd
cast

and

copper scrap, pure copper, and carbon in electnic furnaces 3
tures ranging from 1150° to 1400° C. The resulting products were
into ingots and then cold-rolled into strips, sheets, wire, rods, bars,
blanks suitable for fabrication, ’

We found master alloys contamning berylhum in the concentrations
noted n fig, 1 bemg used in plants other than the extraction plants. "t
the manufacture of specific industriat alloys For example, a master nﬂ'o)
of berylhum copper can he combined with a ternary master oljoy contaid”
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P’y 1

of a zinc-beryllhum-copper mdustnal alloy

ing zinc in the
to which aluminum also may be added Likewise, beryllum-copper and
alummnum-beryllum master alloys can be combed 1n an aluminum-
berylhum-copper industrial alloy to which cobalt may be added Some
of the more common combinations, with the beryllum content in each
mstance and the temperature at which alloymng 15 done, are mdicated
m fig 1.

Two important distinctions between master and ndustrial alloys
should be noted the proportions of berylhum m the latter are much less,
and the alloymg 1s done at lower temperatures It 15 noteworthy also that
after the industrial alloys have been melted and cast, many of the subse-
quent operations, such as cold-rolling, shearng, pressing, and stampng
produce relatively hittle dust and fumes

Probably the most widely known use of berylhum oxide 1s in the pow-
dered phosphors used mn fluorescent lamps. Although some fluorescent
powders have been made with as much as 12 per cent berylium ovde,
the phosphors now most commonly used contain 4 per cent or less The
berylha is combined with the other components of a powder, and the
mixture then 1s sintered at temperatures varyng from 1100° to 1250° C.
to obtain the necessary zmne-beryllum-siicate combmations and the
desired crystal structure. Biany of the known cases of the chronic type
of pneumomitis have ongmated 1 the fluorescent lamp 1ndustry

One of the less important uses of berylhum oude 15 1n powders for
coating cathode tubes Such cathode tubes are used in television appa-
ratus, the coatings being the viewing screens upon which the televised
mmages appear Not all the coatings contain beryllium oude, and when
1t 15 used 1t 1s present m concentrations of 1 per cent or less, The other
components of the powders are somewhat sumlar to those used m phos-
phors for fluorescent lamps When the berylha has been added, the
desired combination of elements 1n crystals of the proper size is effected
by finng at temperatures rangung from 900° to 1400° C.

Beryllum oude 1s used also m the manufacture of refractories. In the
plant wlnch we visited, small laboratory -ty pe crucibles are made almost
entirely of beryllmm ovide The berylla first is sintered at 1750° C, into
a hard compact mass, and then reduced to grams of the praper size by
cmshing and screentng When the erucibles have been shaped imto the
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m which chemical reactions are accelerated by heat or by other opera-
tions performed nearby, It has been mostly in these extraction plants
that the acute form of pnenmomitis has occurred.

Berylhum metal, we learned, was being used m atomic energy projects,
but we have no further information on this use of the element.

In one of the plants surveyed, lnghly punfied beryllum metal 1s added
to a molten mixture of chromium, cobalt, nickel, and molybdesum to
form an alloy containing 1.6 per cent beryllium. The combiming is done
at a temperature of about 1500° C. This alloy, developed in 1931, since
then has been used 1n the manufacture of dentures and dental restora-
tions We were mformed that more than 300 licensed dental laboratorics
m this country are using this alloy Examinations of the workers engaged
1n making the alloy and of a number of techmerans who fabricated the
dentures faled to reveal defimte evidence of disease which could be
assocrated with thewr occupations

A common use for beryllum-oxide powder is m the production of
master alloys of berylhum copper. These master alloys, which serve 28
carriers of known amounts of beryllium, may contain from 3 to 125 per
cent of the clement, but the type most generally used contains 4 per ceat
Weighed amounts of berylha, pure copper, carbon, and dross from pre-
vious melts are combmed The mixture 1s brought to a high fEmP"“m.m’
rangng from 2000° to 2500° C. or more, and then cast into small pigs
or ingots

The master alloy prepared in an extraction plant is used somet]
the same plant, but more often 1 other plants, 1n the production of the
mdustrial forms of beryllium copper In the foundries we visited, mdus-
trial alloys contammng from 165 to 225 per cent beryllium were made
by combinmng spectic amounts of master alloy with mdustrial beryllwm-
copper scrap, pure copper, and carbon 1 electric furnaces at temper®”
tures rangmg from 1150° to 1400° C. The resulting products were Cﬂ:
into ngots and then cold-rolled into strips, sheets, wire, rods, bars, a0

mes i

blanks smtable for fabrication,

We found master alloys contammng berylum the concentratt
noted 1n fig, 1 bemg used in plants other than the extraction Pl""'sl’] "
the manufacture of specific industrial alloys For example, a master oy
of beryllum copper can be combined with a ternary master alloy contai?

oS



A Common Denominator 59

ing zinc in the manufacture of a zinc-beryllmm-copper ndustrial alloy
to which alumuum alse may be added Likewse, beryliwm-copper and
alummum-berylum master alloys can be combimed m an aluminum-
berylhum-copper mdustrial alloy to which cobalt may be added Some
of the more common combinations, with the berylum content in each
mstance and the temperature at which alloying 15 done, are mdicated
m fig 1

Two 1mportant distinctions between master and dustnal alloys
should be noted: the proportions of beryllum 1n the latter are much less,
and the alloying 15 done at lower temperatures It is noteworthy also that
after the industrial alloys have been melted and cast, many of the subse-
quent operations, such as cold-rolling, shearng, pressing, and stamping
produce relatively httle dust and fumes

Probably the most wadely known use of berylhium oude 1s 1 the pow-
dered phosphors used i fluorescent lamps Although some fluorescent
powders have been made with as much as 12 per cent beryllum oude,
the phosphors now most commonly used contain 4 per cent or less The
berylla is combmed with the other components of a powder, and the
muxture then 1s sintered at temperatures varying from 1100° to 1250° C
to obtamn the necessary zinc-beryllum-silicate combinations and the
desired erystal structure, M.my of the known cases of the chromic type
of have ongi d 1n the fl lamp ndustry

One of the less important uses of berylum oxde 1s 1n powders for
coatmg cathode tubes, Such cathode tubes are used in television appa-
ratus, the coatings being the viewing screens upon which the televised
umages appear. Not all the coatings contan berylhum oxide, and when
1t 15 used 1t 1s present i concentrations of 1 per cent or less The other
components of the powders are somewhat similar to those used 1 phos-
phors for fluorescent lamps When the beryllia has been added, the
desired combmation of elements 1n erystals of the proper size 1s effected
by finng at temperatures ranging from 800° to 1400° C,

Beryllem oxide 15 used also in the manufacture of refractones In the
plant which we visited, small laboratory-type crucibles ave made almost
entirely of beryllum oxde The beryiha first 1s sintered at 1750° C. to
a hard compact mass, and then reduced to grawns of the proper size by
crushing and screenmg When the crucibles have been shaped into the
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desired form, they are fired at a somewhat lower temperature, for hard-
ening.

Three important conclusions can be drawn from the data which we
have gathered.

1 In the production of berylhum and its utilization in industry the
clement sometimes is present in virtually pure metallic form, but m most
processes 15 present in various combinations or compounds, i widely
varymng degrees of 2 jon The 10n 15 determmed by the
particular stage of the extraction process or by the specific purpose for
which an alloy or compound is mntended. We found that more than 70
per cent of the employees in the plants we visited handled some com-
pound or alloy contaming only 4 per cent beryllum or less

In most of the mdustrial end products the beryllium is present not in

simple physical combmation with other c]emems. but in an intimate
hine ch binat

mixture or solid solution closely app

2. Many processes 1n the production and utilization of beryllmm in-
clude heat treatment, but at widely varying temperatures Figure 1 shows
a range of temperatures from 450° to 2300° C.

8 During the mitial penod after the mtroduction of beryllum into
industry, compounds were employed mn which the beryllium content was
higher than 1n those used for the same purposes today. We learned from
a manufacturer of an industral type of beryllum copper, for example,
that from 1931 to 1937 tis plant used a master alloy containing 125 per
Lcnt beryllum, but that i 1937 the proportion was reduced to 4 per cent

larly, some f: of fl lamps reported that from
about 1939 to 1941 they used phosphors contaming as much as 12 per
cent berylhum oxide, whereas today the usual proportion is 4 per cent

or less,

It 15 obvious that the factors which must be considered in any problert
of disease associated with beryllum include (1) the proportion of
beryllium in the matenial handled, (2) the state in which the berylum
is assaciated with other elements, that is, whether m physical or chemiea!
combination, (3) the possible association of beryllium with other toxic
agents, and (4) the temperature at which the specific process is per-
formed. It 1s apparent also that . “ledge of the nature and history



A Common Denominator 61

of a particular job 1s essential for cvaluation of the possible hazard in
that partieutar working environment.

Further Discussion

pr avs  In conversation Dr Williams has mentioned a case of chronte
pneumontis in which the patient lned 400 feet from a fluorescent Lamp
factory. I am taking this opporturuty to ask lum how this woman got the
disease
pr wizavs  The fluvrescent powder 1o which the woman was exposed
had three possible sources. It was possible though it seems unbikely. that
the disease was caused by the powder which another member of the
household, a girl emplayed tn the lamp factory, may have brought home
m her clothing The lamp factory wself was another possible but unlikely
source The most probable source was a second nearby factory, one in
which phosphors were made. The patient sard that she had to sweep
white powder off her back porch The manufacture of phosphors 15 a fauty
dusty operation, in this mstance undoubtedly some powder escaped from
the plant Into the outside aw, and 1t happened that prevaiing winds
blew in the direction of this paor lady’s house, After her death, spectso-
graphte exammation showed beryllum in her lungs

Dozens of other people hived  the same neighborhood, and this fact
brings us right back to where we started

smosenes  ©want to say that the General Electne Company has pre-
pared instructions to give to all eustomers in regard to the breaking up
and disposal of Buorescent lamps out of doors

on sawyen, One of the points in Dr Willlams™ paper wluch interested
me was the fact that he conmiders the volume of berylum handled in a
gwven plant not only by stself, but also in relation to the nnmber of
employees w that plant

In my paper I stated that about one-fifteenth of the berylum
oude produced by the extraction plants goes mto Huorescent Jamps
Yet, from Bigures I have heard I gather that the number of employees m
the finoseseent lamp industry 15 much greater than the pumber in the
plants producing all the ovide What does this mean To me it indicates
that bery wm ovide must have a rather pronounced effect in the form in
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which 1t 15 compounded for use in lamps, for though the amount per
worker 15 small, quite a number of cases of disease have originated n
this mdustry

Mr. Kawecki, your , I d i tes a rolling mill

LS L3

My company has no rolling mll, but nevertheless the volume of beryllium
oxide handled in each of the two plants probably is about the same.
When that fact 15 taken into consideration I think you will find that the
exposure 15 about the same 1n the two plants. Do I make that pomt clear,
that the volume of a product such as beryllium oude is important as
well as the number of employees?
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the problem to our attention. The clinical picture was that of moderate
pneumonitis. In this second case we were able to make a rather extensie
study, including a bronchoscopic exammation, and the complete picture
indrcated an jrritant of chemical origin, the absence of anything at all
suggestive of primary inflammatory disease was striking.

The roentgenograms were sent to the Saranac Laboratory to Doctors
Leroy Gardner and Homer Sampson, whose interest was aroused We
were fortunate in having their help at this early stage, In this case the
Industrial Commission of the state of Ohio acknowledged the existence
of an occupational disease. I want to express appreciation of the complete

on of the C and of the employers, who from the
beginnmg recognized the nature of the problem and made persistent
efforts to solve 1t.

As Dr. DeNardi mentions,® among the beryllum workers at Lorain
he and Doctor Ziehnski hayve recorded more than 300 cases, each of oo
or more of the disorders which we have observed. The Painesville plant,
though smaller, has had a comparable amount of trouble in relation to
the total number of employees, for certainly more than 100 cases have
occurred It seems safe to say, therefore, that in the two plants more than
400 workers have been affected The most serfous problem has been
acute ppeumonitis, of which we have had nearly 100 cases, with &
fatalities

The clinical mamifestations in all these cases arc of two types: (1}
dermal and (2) respiratory. The areas affected are shown n fig 2.

The dermal manifestations consist of (1) contact dermatitis, (2) con-
junctivitss, (3) corneal buras, and (4) the so-called berylhum ulcers.

The contact dermatitis appears on the exposed surfaces of the body,
particularly on the face, neck, arms, and hands, and consists of a maculo-
papular eruption Often 1t has appeared in susceptible indnaduals by the
end of the first week of employment. Dermatologists who have seen 2
number of these pattents agree that it is hard to differentiate thes cruption
from ordmary types of contact dermatitis, An example swith facial imolse

ment 15 shown m Plate I (A}, The affected workers, if allowed to con®
more senous dis®

has prov ed

tinue m employment, usually have developed other,
orders As Doctor DeNard: mentions,” the contact dermatutis

©See Chapter 7 (Ed)
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to be a definite siga of mdividual susceptibility, and thus is grounds for
termmnatg the patient’s employment in the plant. With simple Jocal

and p of furthers exp . the erupion clears up com-
pletely within a week

CLINICAL MANIFESTATIONS

COMRNETIITIS
HaSO PARRINGSTSS
Numnis
TOMYACT BERSATITE + e

~CoWEaCT BemATITYS
gt T gt

Fi. 2 Digram of the pathologwally affected areas m warkers en-
paged w estracting berythum from bery)

Chemeeal conpunctrobs uswally, though not always, accompantes the
contact dermatstss In some instances it has oceurred alone. It s pot un-
Itke comunetnatis due to varous other types of wnitants

The mirequent comeal bumn 15 adenticad to that scen m “splash burns”
by ortinary acids or alkalis

The third dermal change, the wleer, has occusred in 3 number of
mitances at the site of an antecedent abraswan, usmally on or near a
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knuckle, as shown in Plate I (B). The ulcer has a flat base, and 15
chronic and relatively pawless It may persist for a number of months,
unti] surgically treated hy curettage of a pearly-appearmg core fom
withun its base, but after such treatment it promptly heals. Hhtologie
study of such cores and also of tissue from totally evcised uleers has

Fic 8 Chest roentgenogram of the first worker to die of acute pred-
monitis, in 1940 It exhibits extensive mfiltation of both Jungs.

- futl
revealed evidence of a subacute or chronic type of response to 2 forend;

body, but the specific cause has not been demonstrated microscapieally

Although the point may be of academic mterest only, in the respiratory
cases each of our group of five physicians independently has recognized
varyng degrees of illness, the mildest bemg manifested merely by
rhinites, and the most severe by pneumonitis Usually, though not always
the disease of the nasopharynx or of the entire upper respiratory tract
has progressed toward pneumonitis if the patient was permitted to con
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however, continued to have trouble for a number of weehs, although

their roentgenograms showed no pneumonic changes. v
The mamfestation we most fear is the acute preumonitis, For several

years weekly determmations of vital capacity have been made with all

workers in both plants Experience has shown that these tests establish

Fic 5 Early roentgenologic abnormaliies seen in acute pneumonitis
m a 42-year-old chemist The lower third of both lung Helds extibus

diffuse infiltration

a fauly stable base line for each worker, and that when a worker's vatal
capacity begms to drop below his individual base figure, it is time to be
concerned At about this time or soon after, the worker begus to note
a dry cough, a substernal burning sensation, and slowly but steachly
creasing shortness of breath He may complain also of a metallic taste
mw his mouth He usually but not always observes some decrease i his
appetite and some loss of werght. As hus allness progresses, his cough may



Acute Berylhum Poisoning 7
become slightly productive, usnally small amounts of bright red bleod
are expectorated Weakness and fatigue increase

Without exception, these symptoms always precede the abnormalities
observed roentgenologically, the latter appeanng usually three or four
weeks later By the time roentgenologrc evidence of pneumonitis 1s

Fic 6 Roentgenogram of the same patent as m fg 5, made a few

days later By comparison very hittle change 1s noted The patient died
about three weeks later,

apparent, the patient’s respiration 1s rapid even when he 1s at rest, hus
vital capacity 1s greatly reduced, and some degree of eyanosis is seen
Even at this stage, however, the physical signs found over the lungs may
stll be very meager Later, when the pneumomtis has progressed
further, scattercd, sibilant, mspiratory rhonchi and fine to medwm riles,
particularly prominent m the lower lung Eelds, are hieard on both sides
The temperature 1s usually normal or only shghtly elevated Leuko-
eytosts 15 usually absent



72 Pneumocaniosis

The earhest roentgenologic change is a slight haziness at both lower
bilar areas, extending toward the bases of the lungs Within a few days
or a week this duffuse Dilateral haziness spreads symmetrically over the
whole Jung During this stage the patient’s clinical course becomes more
stormy, lus resprration is rapid and shallow and he shows varying degrees
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Fic 7. Lung tissue from the case illustrated m figs 5 and 6 The
patient died on the twenty-eighth day of his illness Note the cdematous
preapitate filling the air spaces, the small number of polymorphonuclear
cells, and the lack of organizstion

of general cyanosis After the peak of the illness 1s reached and as chnical
improvement beguns, the roentgenologic abnormalities begn to clear up,
wregnlar, soft-appearmg infiltration 1s scen, With further improyement,
discrete, disseminated, rather small nodules or conglomerate lesions
appear. Almost snvariably the roentgenologre picturc returns to normal
before all the symptoms abate In the more severe cases the total dura-
tion of roentgenologre abnormahties is from four to src weeks on the
average The longest time between the onsct of symptoms and complete
objective and subjective recovery has been 120 days

In summary Qur obsertation has been that 1 the acute pneumombs
the subjective symptoms consist of: (1) progressne cough, with oc-
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casional blood-streaked sputum, (2) progressive dysprea, (3) substernal
burnmg pam, (4) anoreva, and (5) weakness and fatigue. The objective
wigns are (1) Joss of weight, (2) rapid respiraton, (3) reduced wital
capactty, (4) cyanosss, (5) hyperemia of the nasopharynx and tracheo-
broschial tree, and (G) fine ta medium sibilant riles, most noticeable in
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Fic 8 Lung tissne from a 48-yearold man who had worked in the
berylhum-copper department of the plant for 10 months, and who died
of acute pneumonstis after 42 days of illness In this case chmcal and

pathologic revealed supermposed bacteral p The
section shows pathologic changes compatible with both cand There
s an lation of lLirge lear cells, lymph d an

, a
otcasional polymorphonuctear leuhoeyte 1n the ahveolar wail and spaces

the lower Jung fields The temperature 1s normal or ouly shightly efevated,
aud the chinieal Jaboratory findings are essentially withm normal lymuts.
The roentgenologie signs invanably are delayed until three or four weeks
after the onset of symptoms, and vary with the stage and seventy of the
disease Tu the order 1 which they appear, they consist of. (1) diffuse
blateral hazmess, (2) wregular soft-appeanmg mfleration, and (3) dis-
crete or couglomerate nodules The roentgenologic picture returns to
normal before the subsidence of the symptoms,

Almost all the patients who had acute pnemmontis and recovered
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have been followed up, and so far they show no evidence of residual

disease, their vita ¢apacities and roentgenograms being normal,
Postmortem exammations were made of 5 of the G patients who sue-

cumbed vere esse: g i

: The obsenations were essentially pegative evcept for the lung

chsease and for acute cor pulmonale The dominant histologic feature

Frc. 9. Section of tissue from a dufferent area of the lung, in the same
case (fig 8) Fewer polymorphonuclear cells are present

of the lungs was pronounced intra-alveolar mterstitial edema, along
with varying degrees of organization. The pathologust of the Cleveland

Chnie has commented on the similanity of the hstologic picture to that
which he d 1 World

ia the cases of pliosg po:
War 1, and also to that in the fatal cases of pmisonmg by nitrogen ovide
n our dusaster at the Cleveland Chnic.

The accompanying ilustrations show the roentgenologic and histo-
logic patterns Figure 3 is a chest gram of the frst p itis
patient, who died in 1940. The film is a rather poor one made with port-
able apparatus when the patient was critically il Figure 4 Js a roent-
genogram of an 18-year-old boy who had been employed for only 83
days i the berylhum-copper department of the plant, and who dicd

after only 19 days of ilness
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The early roentgenologic sigos 1 3 42-year-old chemst are shown
g 5 Although little further change is shown in fig 6, made a few days
later, the patient soon died, after an liness of only 98 days The Insto-
\ogie speasmen, (Bg 7) from thus case dlustrates advanced pulmonary
edema The polymorphonuclear cells are few, and m this mstance hittle
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Fic 10 Another section of lung tissue from the same case (figs. 8 and
) Ths speaunen shows the mfrequent polymorphonuclear cells and
the thickened alveolar walls which are alse charactenstic of acute
pueumonitis

orgamization s seen, Dr. Leroy Gardner's comment was that of all our
postmortem specimens, this one showed the most stokmg evidence of
acute edema

Figure 8 15 2 photosmicrograph of lung tissue from a 48-year-old man
who had worked 1 the berylum-copper department for 10 months
before the onset of his symptoms, and who died after £2 days of iness
In tluss case the roentgenograms dul not show the nsual symmetrical dhs-
tritmtion of the Jesions, nnd the presence of supenmposed bacterl

was gnized The postmortem microscopic exammation,
ho“cur revealed the same fumlamental pathologic condition as 1 the
other fatal cases, with thichemng of the mtra-alveolar walls and with
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have been followed up, and so far they show no evidence of residual

disease, their vita) capacities and roentgenograms being normal.
Postmortem exammations were made of 5 of the 6 patents who suc-

cumbed The observations were essentially negative evcept for the hung

1 histol feature

disease and for acute cor pulmonale The

Frc. 9. Section of tissue from a different area of the lung, in the same
case {8g 8) Fewer polymorphonuclear cells are present,

of the lungs was pronounced intra-alveolar interstiial edema, along
with varymg degrees of organization. The pathologist of the Cleveland
Clmie has commented on the similarity of the histologie picture to that
1 the cases of phosgene poi which he d i World
War 1, and also to that in the fatal cases of porsoning by nitrogen oude
in our disaster at the Cleveland Clinie

The accompanying illustrations show the roentgenologic and histo-
logic patterns Figure 3 15 a chest g of the first p it
patient, who died 1 1940, The flm s a rather poor one made with port-
able apparatus when the patient was critically 1l Frgure 4 1s a roent-
genogram of an 18-year-ald bay who had been employed for only '38
days w the beryllum-copper department of the plant, and whe died
after only 19 days of iliness.
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The eatly roentgenologic signs in a 42-year-old chemist are shown in
fig. 5. Although lttle further change 15 shown m fig, 6, made a few days
later, the patient soon ded, after an lness of only 28 days The lusto-
logic specimen (fig T) from this case illustrates advanced pulmonary
edema The polymorphonuclear cells are few, and s this mstance little
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Fic 10 Another section of lung tissue from the same case (Bgs 8 and
9) Tl speamen shows the infrequent polymorphonuclear cells and
the hickened alveolar walls which are alo characteristic of acute
preumonitis

organization 1s scen, Dr Leroy Gardner's comment was that of all our
postmortem specimens, this one showed the most stnking evidence of
acute edema

Figure 8 15 a photomicrograph of lung tissue from a 48-year-old man
who had worked 1 the berylum-copper department for 10 months
before the onset of hus symptoms, and who died after 42 days of illness
In this ease the roentgenagrams & not show the wsual symmetncal dis.
tnbution of the lesions, and the presence of supcnmposvd h.\clcnal
pneumosia was recogmzed The postmort t
however, revealed the same fundamental pathologic condllmn as 1 the
other fatal eases, with thickening of the intra-alveolar walls and with
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edema More organization was present than in the caso of the chemist
mentioned presionsly, Polymorpt fear cells were relatively fow,
mononuclear cells bemg predommant, The specimen shown in fig. 8
was not taken from the area of superimposed bacterial pneumonia
Figure 9 shows another specimen tahen from a different arca in the

f

L
Fio 1L Dy ted nodulation g 10 acute | after
the peak of Hlness has passed and recovery 1s beginning, This patient, 2
woman, had been emplayed for 2 months 1 the melting department of

made 2 weehs later shawed the

an plant A

lungs to be completely clear.
same case, and Qlustrates an mcrease m the number of plasma cells, a
not uncommon phepomenon wm these cases. Figure 10, agan from the
same case, shows an area of greater orgamazation,

The roentgenogram m fig. 11 sllusteates the stage of hsseminated
nodulation after the peak of Mness had been passed and the symptoms
wwrere begummning to abate The patteut 1a ts case was 4 noman » o had
been employed for two months m the meltmg department before the
anset of her symptoms, and who made a complete clnical recovery
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Figure 12 1s a microscopic study of lung bssue from a 35-year-old
woman who had been employed for only six weeks in the grinding
department before the oncet of her spmptoms, and who was 11l for only
91 duys befare ber death Dr. Leroy Gardner thought that this speaimen
showed the most marked degree of orgamzation seen an any of our
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Fio 12 Lung tisee from a 85-year-old woman who had been em-
plaved far 8 v echs 1 the grnding depastment of the plant, and who died
of acute pneumonibis on the twenty-first day of illness In Dr Lern
Gardner's opmion, this specimen showed the most mathed degree of
organization scen 1n the 5 fatal cases of acute preumomtis m which
autopstes were performed He believed that m this case chranic ey ers-
1ble pathologic changes would have occurred if the patient had survued

cases This was the only case in which he belteved that chronte wrevers-
1ble changes would have ocenrred if the patient had not succumbed

Treatment and Prevention

Although vanous therapeutse measures have been tied, no speaifie
has yet been found In the pneumomtis cases our treatment has been
supportive, and we have found the most smpostant measures to be (1)
early prevention of further exposure, when the vital capacity begins to
drop below the indvidual's established base level, (2) early absolute
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edema. More organization was present than in the case of the chemust

mentioned  previously. Polymorphonuclear cells were relatively few,
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same case, and illustrates an increase m the number of plasma cells, a
not uncommon phenomenon m these cases. Figure 10, again from the
same case. shows an area of Zreater orgamzation.

The It m fig 110 s the stage of dissemmated
nodulation after the peak of illness had been passed and the syx;mpt;»mds
were begmning to abate. The pattent in this case was a \\nmn;: \; ha :;]c
been emplayed for two months in the meltmg department bel nr?
onset of her symptoms, and who made a complete chimeal recovery.
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Figure 12 is & microscopic study of lung tissue from a 33-year-ald
woman who had been employed for only six weehs in the grnding
department before the onset of her symptoms, and who was 1ll for only
91 days before her death Dr Leray Gardner thought that this specimen
showed the most marked degree of argamzation scen w any of our
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Fic 12 Lung tissue from a 83-year-old woman who had been em-
ployed for 8 weeks m the grndmg department of the plant, and who hed
of acute pneumonitis on the twenty-first day of illness In Dr Leroy
Gardner's opimion, this specimen showed the most marked degrec of
organxzation seen 1 the 5 fatal cases of acute pneumomitis m which
autopsses were performed, He believed that mn this case chronic irrevers-
ible pathologic changes would have occurred 1f the patient had survived

cases This was the only case 1n which he believed that chronic mrrevers-
ible changes would have occurred 1if the patient had not succumbed

Treatment and Prevention

Although various therapeutic measures have been tried, no specific
has yet been found In the pneumonitis cases our treatment has been
supportive, and we have found the most important measures to be: (1)
early prevention of further exposure, when the vital capacity begmns to
drop below the indwdual’s established base level, (2} early absolute
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rest, and (3) oxygen. Benadry! or pyrit ine, though not
helpful in this type of pneumonitis, are considered heneficial in the
dermatstis and milder respiratory disease, despite the fact that allergy
studics of 2 small group of patients recovered frawm various types of
beryllium powoning gave results which could not be correlated in any

way.

The panies, with the P ion of everyone concemed, hme
accomplished much in the way of prevention by means of mproved
ventilation, and of to prevent fation of dust, aud by the

use of shields for furnaces and of gas masks and sespirator masks for the
employces, We believe that the periodic tests of the employees’ vital ca-
pacities have reduced the mewdence of severe cases of disease, despite the
fact that the number of employees exposed Ias steadily smeseased. Untif
completely effective preventive measures are devised, however, more
effective methods of treatment are needed.

Discussion
M. G. CARMODY, D"

1 believe there is little that can be added to what Dr. VanOrdstrand
saxd about acute berylhum powsonmg, except for 2 few words to empha-
size the fact that new cases are still appeariog, especially of the acute
chemcal pneumonitis, which 1s one of the most severe forms of this
industrial dusease. In spite ot our efforts to ehminate all dust and fumes,
and of the tion of general b feaning the mesd

of chemical pneumonitis does not seem to have decreased very much
The reasons for this are« (1) an merease in the production of beryllium
in these plants, and (2) a decrease in efficiency, due to the fact that
loeal rumors of duease in the plants have forced the employers to accept
less efficient types of workers than wese formerly avatable,

A brief discussion of some unusual features of the two latest cases of
pueumonitis occurnag in the Painesville plant may be of interest,

One case was that of a white male 20 years of age who was admitted
to the hospital on March 23, 1047. Three weeks before admissfon he had
developed laryngitis, and then gradually bad developed shortness of

* Medical Consultant, Chfton Products Company, Painestille, Ghio
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hreath and, as he put 1t, “bouts of fever ™ His temperature on admission
was 38° C., but i 12 hours it rose ta 40° C. Duning the course of his
Mlness hs temperature varted, reaching 41° C at one time. This fact s
mentioned because i most of our cases of acute chemical pneumonttis,
fever when present 1s of low grade, Challs are not usually associated with
this entity, The clills and fever m this pasticular ease were considered
results of a concurrent infection They were controlled moderately well
with large doses of penicilln

On several occasions this patient’s respiratory mtc rose as high as 85
per mmute, 2 the extreme Tesy ¥ which
acute cl \|
Not to be outdone m lus unusu'\ln(‘ss twa days before his death thes
same patient developed a4 spontancous pneumothorax on the left side
Roentgenologic exarmnation fevealed a complete collapse of the left
jung It 15 well known that spontancous pneumothorax may occur 1 a
number of pulmonary diseases such as cancer, tuberculosis, abscess,
emphy sematous d and

lesions, but as
far as T know this 15 the ﬁrst case m which spontancous pneumothorax
comphicated acute ck 1 It probabt

wstance from the rupture of an emphy sematous bleb

In the other case the continuous inhalation of a mixture of 5 parts of
otygen to 2 parts of hellum seemed to ease the respuatory embarrass-
ment considerably It 15 well known that muixtures of helm and oxygen
have been used i severe seizures of bronclual asthma The helum
molecule, bemg much hghter than the oxygen molecule. carries the
latter with 1t into the alveols, thus permitting greater oxygenation of the
blood than would otherwise occur The moderate relief achteved 1n this
case by this means suggests that in this disease bronchiolar spasm and
abstruction occur, probably m association with pulmonary edema The
same hine of thought leads to the idea that the patients develop allergie
reactions to the products of their disease, it 15 not unhikely that the use
of antihistamine drugs may give encouraging results

Since the publication of our prelmnmary report on chemrcal pnetmo-
nitis 1 1943,%%% thousands of dollars and thousands of hours have been
spent by interested physicrans, research workers, and inshtutions in
efforts to discover the agent or agents which cause disease people
working with beryllum I for one cannot help thinking that if the

y resulted i ths
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patients and the laboratores were closer together, the study of these
diseases would be faciltated and that therefore the causative factors
would be more readily evposed.

Further Discussion

o. sarrnGToN 1 should like to ask Dr. VanOrdstrand whether, when
he referred to the beryllium-copper department in a certam unnamed
company m a certawt unnamed state—I assume it is Ohio—he did not
refer to the division factuning beryll pper master alloy by
electrolysts, by means of a fluoride bath? And may I make a strong plea
that statements of that kind be amphfied to help us discover the specific
conditions leadmy to illness® One case ongmated m a grnding room
What was being ground? It should be possible to obtain from the com-
pany’s files some information on the conditions under which the employee
worked,

DR, vanorosTrAND I left out such information because 1t 15 gven by
other members of the sympostum The plant is that of the Brush Beryl-
lum Company m Lorain, Ghio,

You are nght about the berylhum-copper work. The matter of the
grinding room has never been too clear to me, and so I shall refer that
question to Dr. Zielinski
bR zieLwskr  Dr. Harrngton, I dont quite understand the Jast past of
your first question. Did you mention a fluonde bath? As far as the
beryllum-copper 1s concerned, no fluoride 15 involved.
bR, HARRINGTON. A fluonide bath 15 used in onc method of making the
master alloy These details are important
on zmuwvskr, In the gnnding room the exposure did not result from
the woman’s occupation as a grnder of heat-treated ore, but the chs-
persion of a specific heavy fume from a mill i the same xoom The matl
15 used in the sulfating of this ore,
bR sanmwcTON: You understand why I ashed, That information 15
gaing to help us to keep clear on what is gomg on We know now that
an alloy was not responsible in that particular case.
br acatr: Peaple have been asking me what our expenence has heen
on the other side of the Atlantic I must admt that it has been very
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Lmited, I have seen all the people who have worked m one evtraction
plant, that 1s, abent 36 men In this group 2 cases accurred winch some-
what resembled your pneumomitis cases, One patient had a mild pneumo-
nitis, The other probably had only tracheobronchitis, but I cannot vouch
for that, not having seen lum at the time of his attack The rventgeno-
grams m the more severe case showed a fine stipphng m the bases and
mid-zones of both lungs

Apparently, we have had no cases of chromie or delayed pneumontis
so far 1 must qualify my remark by explaming that, though exposure to
beryllum compounds undoubtedly takes place i the Umited Kingdom,
certam requirements of security have had to be observed, and I have not
yet been able to ascertain to my own satisfaction that no cases have
cccurred Clearly, one cannot make such a claim untif one has looked
for such cases I have learned enough in this symposium to reahize that
I must continue to search mast carefully when I retumn to England

As for d m our exp 1t frequently occurs n beryllmum-
extracting plants, As a fluoride process is used, the fluonde, at least until
recently, has been considered more responsible than the metallic ion
But I have been engaged m work in an aluminum-reduction plant where
quantittes of fluonide are evolved from cryolite flux, and no cases of
dermabitis were to be seen

We have had 1 case of acute nasopharyngitis 1z 8 man who mhaled
the dust of beryl ore during gninding

DR VANORDSTRAND  For some time Dr DeNard: and Dr Carmody have
been using pentcillm as a matter of routme m thew cases of acute
preumonitis That treatment 35 primanily prophylactic



CHAPTER 7

Acute Paeumonitis in Beryllium Workers
With Case Histories

JOSEPIT DENARDI, M.D.°

The heaith problems enc I m the f: of beryllium and
1ts compounds and 1 their use in wdustry have reccived widespread
attention since 1940 Because berylhum has valuable properties, it has
come to be used extensively in a number of industrial fields With in-
creased production aud use of the metal and its morganic compounds,
acute dermal fe of poisoning, and respiratory d
varymg in the time of onset, have appeared among industrial workers
Only the acute dermal and respiratory manifestations have been en-
countered 10 the two plants under my direct medical supervision, The
chronte, delayed type of pneumomtis has been reported mainly in em-
ployees engaged m bandling the phosphors used in fi famps
Several nerghborhood cases are under study at present, and m these
cases the clinieal and pathologre picture 15 closely simlar to that in the
chronic type of pneumonitis reported by Dr Hardy and Dr. Tabershaw.2!
Siace my assocrates and I published our report an beryllium poisoning
i 1945520 o senies of new cases has been added to these already
reported Between 1940 and December 1, 1947,% I personally observed
815 cases of potsoning among workers m the two plants, which produce
beryllium and vanous compounds and alloys. Dermal mantfestihions
occurred 1 163 cases, and major resprratory mamfestations i 152 cases.
In 117 cases of dermatitis there was definte evidence that host-sensitnity
as well as contact was an etiologic factar, 44 cases were due to durect
contact, and 2 cases were unclasstfied Of the 152 patients with major

* Consultant, Brush Berylum Company, Loram, Ohio
t The paper 8s gnen :ur’ the Sixth Saranac Symposum hias bren sevised (o wiclude:
additional eases, up to December 1, 1947 (Ed )
82
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isease of the Fespiratory, tract, 109 had fmchcobmndlms, and in 43
cases the diagnog)g dvﬁmtoly s chemieq) DPrcumonyys, Chemicay
nnmph:xr)ngms Preceded g, lmdmobronclum OF preumonjty in the
majonty of €ases, but often occurred gy 4 “hty. Because of the Mildness
of the n:xmplmrprglm, which v ae not (hs.lbhng, 0 acourage data v
btaineg e denng) Mifestations may b Urhicaria} o hypcromxc
lestons, discrete Papular Testons, 5 Ombinaion of Papular gpg Vesicular
lesions, op the so-called berylhyyy, ulcers Usunlly the lesion are confineq
to the ©¥posed Parts of g body, but many cases of relatrve hyper.
sensitivty they are el dnmbnted and tirticarp] 4 natyre,
Unquestmnabl;. ndn idyg) Sensitnty g5 o defingte factor 4, determyy,.
g the e When the dermatygys Appears, ang its extent, More thap 25
Per cent of 4, new €mploy ees Coming ,, Contact vy, the fumes and
dusts of the Vanoys bery Hum salts hay o dey eloped d(’l’mntl’hs of ‘arymg
degrees of Serenty, ang SUggestive of allergyes, on the gy, 0sed parts of

o,
and Snalyy Preumonyy,g In ney CMployees, thercfme, Stvere (Icrrnahm
or a form sugges!mg allergy Considereq 4, dication of induydygy

b;

o
Producy,, of ey er-mcrensmg amounts of bery Mo hag necessitateq an
nerease 1p the size of the Working force, the Merdence of derm,

atitis by
ot declineq
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The primary ctiologic factors in the dermal conditions are the salts
and solutions of berylum sulfate tetrahydrate, berylum fluoride, and
ammomum beryllum fluoride, It 1s rather dufficult to evaluate the roles
played by the element berylhum per se and by the acid radical of the
inorganic salts. Tt may be significant that no skin lesions have been
observed 1n persons handling beryHium metal alone, Probably the dermal
lesions in most instances are due to indwidual sensitivity plus the writat-
ing effects of the acid radical of the inorganic salts, One cannot totally
eliminate from consideration, however, the possible effect of beryllum
compounds on the skin We are aware not only that metallic beryllium
and 1ts compounds have evhibited 2 number of extreme properties in
the fields ot chemistry and metallurgy, but also that in the feld of
physiology the cxtreme effects of the compounds have been observed
with some alarm.

The symptoms in the majority of cases of dermatitis are burning and
itchng sensations m the affected parts of the body. The treatment con-
sists of the usual antipruritic lotions and ointments During the past six
months we have been usmg antihistamme drugs such as benadry]
hydrochlonde, and to a limited extent pyrihenzamine hydrochlorde. The
benadryl hydrochloride has been used for both therapentic and pro-
phylactic purposes, with promisig results

The beryllium ulcer usually 15 acute, but of not properly treated may
become chrome. This lesion always 15 preceded by a dermal abrasion
in which small erystals of berylium fluoride or beryllum sulfate lEt{n-
hydrate become imbedded. Contact of the crystals with the tissue fuids
by hydrolysts releases the acid radical which destroys the surrounding
ussues and produces an ulcer. The tendency is for the surface layer of the
skin to heal over the crystallme incluston and the ulcer crater, and thus
to form an indurated papule which undergoes necrosis and finally forms
a small abscess Microscopre evamination reveals an increase in the
number of surrounding epithelal Jayers and in the number of ﬁbmb]:fsls
around the edge of the ulcer—the usual reaction of tissue to a foreign
body. e incisi al of
At present the treatment consists of incision of the papule, remov X
the crystals if the ulcer is m the acute phase, and curettage of the
fbrous base in exther the acute or the chronic phase. After such treatment

healing by second intention 15 complete withm from 7 to 14 days.
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We have been greatly concerned about the incidence of the most
severe form of berylhum powsoning, namely, the pacumonitis, and about
the mortality 1 this duease. Three deaths, all occurnng m 1943, were
reported among the employees of one plant alone Another death, oe-
curnng on September 18, 1942, was reported with the questionable
diagnosis of “acute gas poisoning due to berylhum oude” In this case
the d is also included: hyp (the systolic blood pressure
hid been 204 mm and the diastolic pressure, 140 mm ), chrenie nephritis,
myocardial degeneration with early decompensation The patient, who
died rather suddenly, had felt considerable pain m the cardiac region
Permission for an autopsy was not granted

The duration of the exposure i our cases vared, and it was not always
possible to rdentify the type of fume or dust causing pnenmomtis In
general, the merdence and severity of this discase was proportional to
the length of exposure and to the untating quality of the vanous dusts
=nd fumes associated with processing the ore

Before 1929 there were no cases of berylhum poisoming m local plants,
although one plant had been n operation since 1935 In late 1942 and
early 1943, however, my associates and I, with a rather meager knowl-
edge of the disease and 1ts treatment, were faced with a relatively large
group of cases of pneumomtis 1t was duning thas short period that we
encountered our fatal cases Since 1943 the ncidence has subsided con-
siderably, and the mortality has been reduced to zero

We attribute the reduction m the relatve meidence, and the present
absence of mortality, to improved working environments, to proper use
of safety devices, to intensive program of safety instruction nvolving
each emplayee, to constant medical vigilance, and also to the addition
of a few new drugs m the treatment of the major pulmonary mamfes-
tation

Two mam types of pneumonitis have been encountered m the two
plants a fulminating type due to bnef exposures to concentrated fumes
or dusts, and an 1nsilious type resulting from continual exposure to
fumes or dusts over a relatively long penod of time

The fulmmating type 1 less common in oceurrence It 1s usually the
Tesult of cxposure to anhydrons berylhum sulfate fumes, which are
formed duning the heat treatment of finely pulverized beryl ore frt with
sulfunc aaid. The symptoms m this type of pneumowmtis appear a few
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hours after exposure, and characteristically include spasmodic cough,
tightness of the chest with substernal pain, and marked exertional
dysprea. In the severe cases varymg degrees of cyanosis are observed
The physical examination reveals acrocyanosis, a marked and sudden
decrease in the vital capacity, Iimited expansion of the chest, and squeaky
rdles of the entire chest, sesembling those heard in an asthmatic attack.
Recovery in these cases is usually rapid, occurring in from 7 to 16 days
1t the patient receives adequate medical care,

The wsihous type of pneumonitis usually follows prolonged exposure
to the fumes or dusts of beryllum sulfate tetrahydrate and beryllum
fluonde This condition probably is duc to the cumulative irritating effect
of small amounts of acid radical 1n the bronchioles.

In this type of the disease the subjective symptoms, in the order of the
frequency of their occurrence, are. dysprnea on mild physical exestion,
spasmadie cough, aggm\ated m the supine position, and in rare instances
productn e of blood-streaked sputum, substernal pressure or buming pain
with tightness of the chest, noted especully on the inspiratory effort,
general weakness, anorexia with loss of weight, before treatment The
dominant objective findings are a marked drop in the vital capacity,
acrocyanoss of varymg degrees, depending on the extent of the involve-
ment, fine to coarse mspuratory riles and sthilant thenchi heard first at the
base of each lung and then in the hilar areas, a rapid pulse along with
an mcreased respiratory rate. The temperature is normal ewcept in the
presence of secondary mfection or of infection 1n the terminal stages of
fatal cases Laboratory examination always reveals a normal blood count
and sedimentation rate and normal urine throughout the course of the
disease

Roentgenologie changes in the lungs do not oceur unéil one to lh{c‘.e
weeks after the onset of the disease In the typical case of pneumonitis
a punctate type of peribronchial haziness and of inﬁltmti{m scattered
throughout the lower half of each lung field 15 seen. This particlar
type of punctate méltration gives an almost granular appearance, such
as 15 seen in pneumocomosis and some mycotic conditians, In the severe
pueumontis cases, this punctate infiltration progresses to actual con-
sobdation, producmg a “snow flurty” eflect sometimes resembhng that
seen in roentgenograms of mahgnant metastatic lesions,

Whereas in the fulminating type of pneumonitis, IeCOVETy oreurs
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within a pertad of one to three wecks, in the wsidious type complete
recovery may teqrice from 4 to 12 weeks, One of ous patients was dis-
abled for 186 days

The treatment of exther type of acule pnenmomtis 1s st in a hosptal
and the mtermittent use, as indicated, of vy gen admmistered by means
of a mask Durng the past six months, besides ovygen we have been
admmstermg pesierllin and the antihistarmne drugs, with grahfying
results 1 the rehiel of respi dyspnea and s congh, and
yperhaps 1n the shortening of the course of the dusease. The bronchial and
bronchiolar edema, with the resuling diminution of the bleod supply
of the area, 1s an 1 atation to mfection by the pathogens of the respira-
tory tract Such nfecttn «s probably prevented by the prophylactic

! of pemcillin The antthi drugs probably have the
effect of seheving the bronchial and bronchwlar spasn by preventmg
the reaction, suggestive of allergy, produced either by the prumary mor-
gaae writants, or by the histammebke products of the reaction of the
morganse salts of berythium with the body trssues

Acute | bly ts preceded by tracheobroneinbis, which
is eithey rapid 1o onset or msidious, depeadmy on the hast sensibvity
and the type of mmorganic wmtant, T bronchutis may be the begun-
mog of preumonths, or it may east as an entits When it 15 an entity,
complete recovery m cases under professional care requires from 7 to
25 days.

Table T shows the probable camses and the tord bme of disabihy i
this senes of 315 cases

3

Case: Rerorts

Eightcen cases ot recovery from chemucal preamontus hetweea 3941
and 1847 are d to show 1 1 aof the process with-

Ly
out evidence of c} or recutrence once the dmadual was re-

moved from esposure. One patient in this senes died early 1 1847 of
gencrabzed cartmomatosss

Cose }

This young man who was 21 yeass old at the time of his sllness, pre-
sented our first known case of preumonttts oryginatg i the Loram
plant e was first employed on January 15, 1941, on wosk concerned
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hours after exposure, and charactersstically melude spasmodic congh,
tightness of the chest with substernal pam, and marhed evertional
dyspnea In the severe cases varying degrees of cyanosis are observed,
The physical 10n reveals is, a marked and sudden
decrease in the vital capacity, imited expansion of the chest, and squeaky
rdles of the entire chest, resemblmg those heard in an asthmatie attack.
Recovery in these cases is usually rapid, occurring in from 7 to 16 days
it the patient receives adequate medical care,

The msihous type of pneumonitis usually follows prolonged exposure
to the fumes or dusts of beryllium sulfate tetrahydrate and beryllium
fluoride Thus condition probably 1s due to the cumulatwve irritating effect
of small amounts of acid radical in the bronchioles,

In this type of the disease the subjective symptoms, in the order of the
frequency of thewr occurrence, are dyspnea on smild physical exertion,
spasmodtc cough, aggravated mn the supine position, and in rare instances
productive of blood-streaked sputum, substernal pressure or burning pain
with tightness of the chest, noted especally on the inspiratory effort,
general weakness, anorevia with loss of weight, before treatment. The
domwant objective findings are. a marked drop in the vital capacity;
acrocyanesis of varying degrees, depending on the extent of the inv olve-
ment, fine to coarse mspiratory riles and sibilant thenehi heard first at the
base of each lung and then m the hilar areas, a raptd pulse along with
an d resp y rate. The g 1s normal except in the
presence of secondary infection or of mfection n the termmal stages of
fatal cases Laboratory examnation always reveals a normal bleod count
and sedimentaton rate and normal urme throughout the course of the

disease

Roentgenologic changes m the lungs do not occur until one to three
weeks after the onset of the disease In the typcal case of pneumomtis
a punctate type of peribronchial hazwmess and of infiltration sczlt'tercd
throughout the lower half of each lung field is seen Ths p.\mcuh;
type of punctate wfiltration gives an almost granular appearance, suc
as is seen in pneumaconiosts and some mycotie condutions. In the sewxir
pneumonitis cases, this punctate infiltration progresses to actual c;ml
sohdation, producing a “snow flurry” effect sometmmes yesembling tha
seen 1n roentgenagrams of mahignant metastatic lesions,

Whereas m the fulmmating type of pneumonttis, recovery oceurs
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within g Peniod of One ty three Weeks, m the Msidioys type Complete
Tecorery, 3y requiry from 4 4, 12 woel Oune of U patiengs Wwas ds.
166 days,

St 4 hmp:ml

1S, or may et as an entity When s qp entiy,
m s al caro TeQuureg from 7 to

able CRuses g the topy) tme of (lnalnhty m

Case Beronyg

Eighteey, cases of TeCovery, from chemucy) Peumeyy, bety e,y 1941
and 1947 A revigy ed ¢ sho, Competa Tesolution op the TOCCSS Wi,
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with a crystallizing process. He was exposed mamly to dust and fumes
of beryllum sulfate .

The' history of this patient was one of the usual childhood diseases,

with no major invohement of the respiratory tract The famuly history
was irrelevant

Fic 18 Case 1, +9-41 Diffuse mfiltration of both hung ields 24 days
after onset

On March 16, 1941, he was suddenly serzed with an attack of dyspnea
associated with substernal pain and a spasmodic cough, and afterward
was confined to bed He had attacks of sweating but no clulls He com-
plamed of dyspnea mduced by talling or bending forward. His cough,
which remamed spasmodie, occurring at rregular intervals, produced a
clear “dust-streaked” sputum Anorevia and general malase were con-
comitant symptoms

On s adnussion to the hospital on March 20, examination revealed
the patient to be moderately dyspneic, with defimte acrocyanosis Bi-
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lateral mild palpebral conjunctwitis was noted The chest expansion was
equal on the two sides, but somewhat diminished Fme crepitant riles
and sibilant rhonchi were heard in the hilar areas and bases of the lungs
The laboratory findings were normal. A chest roentgenogram taken an
Apnl 9 is shown m fig 13,

Fic 14 Case 1, 8-20-47, Chechup roentgenogram made m Canal
Zone reveals complete clearance with no evidence of resdue,

Dunng the patient’s hosputa) stay there was slow but definite xmpr:):rt:
ment The pulse and respiratory rates were elevated, bu‘t the cempemﬂem
remained at a normal level He was released on April 29 1 excel

ndit10; .
Losgon :ﬂer Ins release this patient joined the armed forces, and in d::
late summer of 1947 was on active military duty m the Canal ansi, o
roentgenologic check-up (fig 14) made in the Canal 4Zone m Augu
that year revealed no evidence of recurrence of the disease
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Cﬂ_i?]“?s man, who was 49 years old at the time of Ins illness in 1941,

d P from acute P itis and returned
to work i the plant Tn September 1947 he was still working in the same
environment, 1n the mamtenance department, with no recurrence of the
disease m spite of continuous exposure

Jja
gt

Fic 15 Case 2, 4-28-41 Diffuse, generalized mottling of both lungs 37
days after onset of symptoms

This patient’s personal and family historses wcluded no major respira~
tory diseases or malignant lesions His pre-employment examination
revealed a normal cardioresp y system, bilaterally relaxed ingumal
nngs, and a blood pressure of 150/70 His weight was 122 pounds.

He began working m the plant on February 26, 1941 About 10 days
later he developed a papular rash of the face and forearms, and his face
became markedly edematous. This cond; disapp d m one week
without professional care, and without his removal from s working
environment One week after the disappearance of the rash, however, he
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noticed some dyspnea on evertion, and also weakness and a spasmodic
cough, which was aggravated when he was in the supirte position, Some
blood-streaked sputum was exp d He plamed of

before the onsct of the cough Substernal pain on inspiration followed
the early symptoms. The patient developed decided anorevia with nauses,
and subsequently lost 12 pounds m weight,

Fic 16, Casc 2, 8-26-47. Patient has worked continnously phnlt
snce recovery from acute pneumontas No residual fbrosis or parenchyma
mvolvement noted at present

On April 17 he was admutted to the hospital. Examination re»en]edulil:
satient’s weight to be 114 pounds His face was pale, with 'some ;) ;;em
Jf the lips. The expansion of the chest was defimtely dlmlmshe‘ Jherd
vere many fine crackling riles of both lung bases, ]:mdl r;‘gi::ﬂm:chest,
he hilar areas The Percussxonlr’l.o!c‘ _\-vas ;c/s—or:a—rit' tnl:(:l' «\gmd; i

ves and bases,
tory condttion

>f indetermmate character *

i e of
The statement that the cause was unknown was proper m this cas
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a new and unusual lung condition encountered m an ndustry which
except for Case 1, had been relatively free of major pulmonary disease
for more than five years

The patient was discharged from the hospital on April 29, and returned
to work on June 1.

Fic 17 Casc 8, 9-247 Tenting of nght draphragm with evidence of
some fibrosis of right lower Jung No parenchiymal iy ol ement at present

When this man was examained on August 26, 1947, he was found to be
1 excellent physical condition The report of the roentgenclogic examina-
tion on that date {see fig 18) states “Exammation of the chest shows no
residual parenchymal changes at this time 1n either lung, There 15 no
residual hbrosis, and no parenchymal infiltration ™
Case 3

The patient, 2 man then 44 years old, was first employed mn the plant
on Apnil 18, 1942, m the naintenance department,

The mdwidual and fanuly Iustorses were not obtamed, but the patient
admitted to immoderate use of alcohol.

On May 21, he was admtted to the haspital mt marked dyspuerc state,
He stated that two days previously he Jtad mhaled concentrated fuoride
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fumes, and that a few hours after this exposure he had noticed tightness
of the chest, 2 spasmodic cough, and appreciable shortness of breath
When the symptoms became worse he was remanded to the hospital for
treatment

The examination on admission revealed the patient to be in respiratory

. .
Fic 18. Casc 4, 12-17-42 Roentgenogram of chest reveals a geneml-
1zed involvement of both lungs. Second attack of pncumonitis with only
8 days exposure

distress and definitely cyanotic. The temperature was 99 6° F., the pulse
112, and the respiratory rate 60 The chest expansion was marhedly
iminsshed, and appreciable dullness of the percussion note was noted
over the middle and lower lobes of the right lung Many maist xdles with
some tubular breathing were heard over the same area, and fine simlant
rhonch were heard throughout the rest of the chest

The diagnosis at the time was acute fulmmnating pnenmonitis, with
secondary lobar pneumona on the nght side

Oxygen and sulfathiazol were given as mdicated. The temperature 105€
to above 104° F on two occasions The respiratory rate ranged between
30 and 60 Gradual improvement occurred, and on June 23 the patient
was discharged from the hosprtal as fully recovered
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On Scptember 3, 1947, tlns patient was interviewed He stated he was
i good health and was working seven days each week A report made on
September 4, on a final v-ray chech-up (fig 17} states-

“Examination of the chest shows a small, pleural adhesion extending
from the outer portion of the nght dome of the dl.\pllmgm, and produc-

Fic 19 Case 4, 9-6-47. No evidence of residual parenchymal 1 olve-
‘ment,

mg some tenting of the daphragm. There are other promment pern-
bronchial shadows suggesting res:dual fibrosts, m the lower night part of
the chest. There 1s no evid of any p h fil at this
time, No punctate motthing 1s seen The left lung 15 clear

“Impression Residual fbrosis and a pleural adhesion in the lower nght
part of the chest No evidence of actvity at this time ™

Case 4

This man was 52 years old at the time of Ius employment, which began
on September 14, 1942, He was assigned to the crystallizing department
where he was exposed to beryllum sulfate solution and fumes
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No relevant family history was given by the patient, and his own his-
tory was negahive except for a fractured left hip in 1920 and pertussis
in childhood.

The pr ploy i
The blood pressure was 140/80

Bisclosed no physical abnormalities.

RO

Fic 20 Case 5, 8-24-43 Appearance of chest 37 days after onset of
symptoms. Marked nodular mfiltration of both Iungs

On October 25 he noticed a spasmodic cough and dyspnea on evertion
Sub 1

he developed anorevia, with loss of werght.

A chest i led J of expansion, and fine wheezy
P 1 throushout
riles ot both hilar areas The p note \\215 n: ']  throug o
both sides of the chest Roentgenog the
paeumonitis.

. he

Symptomatic treatment was grven, and recovery was mmgl;tnt;eTon
patient returned to work performmg the same operation as beforé,

November 30. s

On December 8 he noticed a recurrence of the same symptoms &
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before, anqt Was admutted to 1, hospital on, December 12 The Phystcal
and roentgenologie findings (see B 18 ere tymeal of chemica} Ppoen-
momtgs,

Slow mproyement cccurted, ang g, December g1 the patieny was
suﬂimcntly recovered to he dnschnrged On January 11, 1943, completely
Tecovered, o Tetumed to the Plant to o), n the Maintemarce depart.

!
accentuation of ghy bmncho\ascuhr markmgs The tung fielgs are other.
Wise clear There g N0 evidence of any residugl Preumonmtys »

Case 5

This patrent %35 2 womap aged 39 at fhe tune of Jor employment 1
the plant She was hireq as a furnace operitos on Jupe 10, 1943 pg,
eIght weeks ghe worked iy e department where benyl ore \g melted

On Augnst 7 she presenteg herself for medica} \Umnatioy, complag,.
g 0f 4 shortness of breag, weakness, anq A spasmod;e Cough with o
shght Streakmg of blood 1 ¢he Sputum - Theg, SIPtoms had pogy
Progressie for thye, weeks ang durag thye tune she hag Jog 14 pounds

t

Her ‘previons Distory o negative, except for collord goiter sipee
adolescence,

On Augugt 15 the patieny s admitted ¢, the hospyay Examinanop,
revealed bmitanon of the chese SXPansion, marheq dyspnea, #erocyanos;s
The breay), sounds werep muffled ang Dersistent mgyep Squeaky rijes yore
heard throughout both hmgs spe complaned of substerna} pam on

wation,

Chest rocntgenagrams {fg 20) showed a5 Aty pical nodyl, miiltratior,
resembling thay Seen i Preumocon;ggs The Labaratory, findings were
within normay e

The pattent’s TeCovery wne eta. o i
momeas B
8, e stated she vag 0
2 w122 pounds

Lte report o, the gl x-ray dled\-up (fg a1y, made on August 21,
1947, states

“Examinagion of the chegy shows o shght acCntuation of the bronch,
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vascular markings 1n both inner lung fields There is no evidence of any
active pulmonary tuberculosis, and no evidence of any peribronchial
pneumonitis There is no enlargement of the heart. The domes of the
draphragm are normal 1n contour and position. There is no roentgenologic
evidence of residual fbrosis or penbronchial changes due to pneumonitis.”

Fic 21. Case 5, 8-21-47 No evidence of residual of previous poeu-
monitis

i ich began after
This man was 39 years old at the time of his 1llness, which eg':xd 1
he had been employed m the plant for two weeks He had worl\le ash;
pipe fitter in Burlding H, where no fumes were produced, but w(;m'eble
and his coworkers (see cases 7 and 8) had been exposed to consl Em‘de
quantities of dust contammg beryllmm sulfate and beryllium ﬂuo:'fcm
His history ncluded the usual childhood diseases, but E[l‘ll:: };ix:ul
denied any major illnesses of the cnrdmrespi‘mlory s])esst;r:s e Y
y included no pul, diseases or 3 3
l'ls(t)(;lr>_[:xnu:n-y 15, 15—14, the ;)mhent presented himself for exammation,
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complaming that duning hus two weeks m Building H he had noticed
shortness of breath on esertion, a nonproductive spasmodic cough, sub-
sternal discomfort when he was supme, anorevia, and loss of a few
pounds m weight The physical findings and the chest roentgenograms
were typical of early preumonitis

Fic 92 Case 6, 8-15-47 Accentuated bronchovascular markings noted

now but no evidence of parenchymal ivolvement Chest films at height
of disease were identical with those of case 7

This patient was treated symptomatically as an ambulatory case Com-
plete resolution of the pneumonitis was noted about February 11 He
was last seen for this illness on Maich 28, at which time the chest was
found to be n a healthy state

On August 15, 1947, he was agam exammed and found to be i excel-
lent physical condstron An x-ray check-up (fg 22) on the same day was
reported as follows

“Exammation of the chest showed accentuated bronchovascular mark-
mngs m the lower part of the nght lung, There 1s no evidence of any
specific pneumonitis at this time ”

Case 7
This man, aged 65 at the time of his illness, Iike the patients m cases
6 and 8 had been employed as a pipe fitter 1z Buildimg H.
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His previous history and family history are jrrelevant

A physical examination at the beginning of his employment revealed
no abnormal condition of the heart or lungs.

On January 18, 1944, he presented himsclf for examination, complain-
mg of shortness of breath, a nonproductive spasmodic cough, weakness,

Fic 23 Case 7, 2-11-44> Marked mvolvement of perthilar and central
pulmonie areas

ight.
substernal pain on inspiration, and anorewa with some loss of weig

These p had begun app ly on D ber 25 9f t{lekpze‘;
ceding year, and had become so pronounced that he had quit worl
January 8.

The physical examination on January 18 revealed definite ncrblcy‘:lllr;?;:
and dyspnea on the shghtest exertion There were many 'mUSlCJ ]r :
the hilar and basal areas of the lungs The chest expansion wn;1 lml‘msl
The percussion note was unaltered throughout both sides ufl [ eﬂcl!“m

A chest vray (fig. 23) made on February 11 revealed early p
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preumonttis. Both clancal and roentgenologic exammations showed that
this process progressed until February 25, when the begmning of its
resolutton was first noted. A chest vray made on May 19 revealed com-
plete cleanng except for some residnal fibrosis

The patient was seen agam on August 23, 1947, and was found to be

Fic 24 Case 7, 8-23-47 Suggestne fibrosis of both lower mner fung
fields No evidence of parenchymal mfiltration

n excellent physical cond The

24), on that date was reported as follows.
“Re-exammation of the chest shows Lnear shadows of a density m both
A o pant 1

P N

1on (see fig

N
[ o v y -
Case 8
This man was 34 years old at the tme of hus illness Like the patients
m cases 6 and 7, he had been a pipe fitter employed m Building H, hus
employment having begun on December 16, 1943
No relevant history of the individual or his family was obtained
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An examnation before the onset of lus iflness had revealed a normal
heart and Tungs free of any detectable abnormahties

On January 29, 1944, the paticat was sent to my office for examination
He complained of dyspuca on exertion, of a spasmodic cough with some
blood-streaked sputum, of substernal discamfort which became worse

. - .
Fic 25. Casc 8, 9-6-47. Occupation same as case 7. Defimte evidence
of pulmonary fibrosis 1s not noted at this time.

i ‘il ght
when he coughed or when he was supine, aud of anorevia with a weig
Joss of 5 pounds, "

2 -dles
The physical examination on that date revealed coarse, st:cul ’Iess
m the hilar and basal areas of the lungs, The chest expansion “12555;‘011
than normal, and produced pain in the substernal area, The Ecmd o
note was th i the chest. con! nm" e
climeal d of chemical He improved gradually, -115
5 S 7] J

on March 24 was free of symptoms He returned to work on Apri

after examination showed complete clearmg of the lungs.




Acute Pneumonitis in Beryllium Workers 103

A chech-up (Bg 25) was made on September 6, 1947, and the roent-
genologust reported “The chest appears clear at this time No residual
pulmonary fibrosis 1s noted.”

Case 9

This patient, 1 man 47 years old at the tume of hus illness, was employed
m the mamtenance department, lus employment begmnung on March 2,
1944 His specific work was building and rebuilding gas-fired reduction
furnaces 10 all departments, but he worked prespally i the beryIhum
metal department He was exposed ta dusts of copper ouide, beryllum
oude, beryllum flnonde, magnesium fluonide, beryllum sulfate, and
carbonaceous cement

His huistory meluded no respiratory disease, and the famly history
ncluded no chrome respiratory or mahgnant disease

On April § the pahent reported for exammation stating that since
March 29 he had had a “bad cold” with an wtermittent productive congh
and a general feelmg of weakness, and that all these symptoms had grown
progressively worse

He stated that the actid odors given off by the carbonaceous cements
used m the rebuilding of furnace linmgs had annoyed him, and had
caused a rather sudden and decided loss of appetite, The possibility of a
touc agent m the cement was wwvestigated, but the results of the analysis
were negatne The exarmnation made of this patient’s chest on Apnl §
revealed no unusual cendition associated with the mdustry

On April 12 he plamed of P cough, general
weakness, substernal pam, and dyspnea on exertion, all perststing smce
Apnl 8 It was learned that 10 days before Apnl 3 the patient had been
rebuildmg the furnace used for the reduction of ammonium beryllum
fluonde

The exammnation on Apnl 12 revealed appreciable dyspnea and some

is The chest exp was defimtely less than normal Coarse

mast riles were audible from the rear over the base of each lung Sub-
sternal pamn was produced by deep inspiration

The patient was treated symptomatically, and on May 15 returned to
the same type of work

Within 10 days the symptoms recurred The findings on physical exam-
nation were the same as before, and the recurrence of pneumonitis was
venfied roentgenologically This time the patient was disabled from May
25 to September 21, but chinieal and roentgenologic evidence mdicated
complete recovery In Apnl 1947 this patient was under my care for lobar
pneumoma He has been in good health since then, except for a chronic
nonproductive cough

The report of an x-ray examination (fig 26) on August 26, 1947, states
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ml

out fucse aleas augnt ana perhaps questionable parenchymal §brosis is
observed 1 each lower lung field These changes suggest residual fibrosis
due to the past preumonia or pneumonitis. There are no indications of
an active process at this time.

Fiz 26. Casc 9, 8-26-47. No defimite evidence of parenchymal m\ol\:‘:
ment. Patrent had two attacks of pneumomtis in 1944. Check-up roen

revealed penbronchual ‘fibrosis throughout both lower lung
fields
“Imp residual postinfl y fibrosts in the lower part of
both lungs ™
Case 10

This man, who was 47 sears old at the time of his dlness, was ﬁrls‘:
employed m the plant on September 22, 1944 He worhed as JII:]I‘:: »
the beryllum copper department and as a furnace nppmtorl Is e l;“de
the beryl furnace His evposure was mainly to dusts of ber‘\]‘n;rtl:ls ﬂ“:
graphte, and elemental copper, and to fumes of reduced silicates.
effects in this case were msidious.
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The individual and family Iustory is wrelevant The pre-employment
exammation falled to reveal any abnormal condition of the cardiac and
resprratory systems,

On or about November 14 he first complamed of a “chest cold” asso-
cuated with a spasmodic cough, dyspnea on exertion, and substernal pam
when he was m the supme posiion These symptoms were progressively

Fic 27 Case 10, 19:9-44 Preumonttis mvolving the hilar and central
pulmenary areas, 25 days following enset of disease

aggravated, and he was sent to my office for examnation and treatment
The findings on physical examnation of the chest were typical of
o, A e

Ao pa] e r e Y

\ e e 1 N

ally

T . v, . He
spent most of lns time at a cafe i the neighborhood of his rooming house

and there was evidence that he was more than a moderate drmker of
alechol

Despite his aversion to medical treatment, this man made a complete
recovery Although lus symptoms became progressively worse up to
December 10, thereafter there was gradual improvement All laboratory
findings were normal The patient was chmcally free of symptoms or signs
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on March 26, 1945, the day of his discharge. A roentgenogram (fig 28)
taken on February 10 revealed complete resolution of the pneumontis
On January 14, 1947, T was called 1n consultation to the local hospatal,
and agam saw this man His recent history then was one of abdominal
distention and jaundice of several months” duration.

Fic 28 Case 10, 210-45 Pneumomtis has cleared except for shght
hidar residue Patient is chimeally fully recovered.

hed,

Exarmmnation showed hun to be decided! hiced, poorly n

Y}
and in 2 state of respratory distress. The chest expansion was poor
Coarse, moist riles were heard at the bases of the lungs The percussion
note was relatnvely dull throughout the chest. The abdomen was dis-
tended, and signs of a flmid level could be elicited, The Tver edge was
three mches below the costal margin. An irregular, nodular, firm mass
was discovered m the region of the nght idney and ascending co]ofl"
Rectal examination revealed a firm, mrregular, nodular mass m the cul-
de-sac, which was moderately tender, i vere

The roentgenograms of the lungs (fig. 29) made on this date ¥
described as follows ang felds are oted

“Multiple oval opacities scattered throughout both : :
d ; monitis The shadows in no way

. 1
No evid is seen of sur g [
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suggest lobar or lobular distribution, and seem to cross the interlobar
fissures ™
The chnical diagnosis was probable hypernephsoma of the right Xid-
uvey, with hepatic and pulmonary metastases. 3
The patient was sent to a sveterans” hospital, where he died on Febru-

Fic 29, Case 16, 1-14-47 Muluple oval opacities scattered throughout
both lung ficlds The shadows cross mterlobar fissutes and are very sug-
gestive of metastatic tumor nodules

ary 8 At autopsy the final diag; was generalized carc tosts with
many pulmonary metastases,

Case 11

Tlns patient, a man then 39 years of age, was first employed n the
plant on March 27, 1945. Working as a furhace tender, he was exposed
to berylhum fluonde

The family history and previous mdwvidual lustory are wrelenant

On June I this patient complamed of 2 spasmodic cough, dyspnea on
evertion, and substernal pata felt on mspuration and aggravated when he

assumed the supine position He had lost 6 pnunds smce the anset of by
dlness 10 days previously
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Because the symptoms became more pronounced, he was admitted to
the hospital on June 4, The vital capacity then was down to 76 per cent
of normal

Exammation revealed hmited expansion of the chest, and many fine,
squeaky rdles i the hilar areas of the kungs. Mild acrocyanosis was noted

Fic 80 Case 11, 6-13-45 Pneumonttis 23 days after onset of symp-
toms Process 15 mamnly 1n the penhilar areas of the lungs

Roentgenologic exammation (see fig. 30) confirmed the duagnosss of
pneumomhs
Duning his stay i the hospltl
t gs were normal, '
13131?;: ;Zlgz‘td\‘::ssdischarged from the hosprtal on June 18 His recovery
was plete, without any plic
This man was exammed on Au

al hus temperature remained normal, The

on
gust‘ 16, 1947, and was found to be n
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excellent physical condition, The report of the roentgenogram (fig 31)
taken on this date reads as follows.
“Exammation of the chest shows no residual fibrotic changes m ethey
lung The bronchovascular markings are not accentuated There 15 no
evidence of any pneumonitis The chest appears healthy at this tune.”

Fic 31 Case 11, 8-16-47 No evidence of parenchymal ynvolvement

Patient 1s fully recovered

Case 12

This young man, then aged 21, was first employed at the plant on
Apnl 16, 1845, as a furnace operator From July 5 to 10 he had a special
assignment concerned with the production of alummum-beryllium master
alloy, m the berylhum metal department

His past hustory and famuly history are 1rrelevant

On July 11 this employ plamed of fort, of
attacks of ductive 3} of shortness of breath, of
anorenia, and of weakness, all of 24 hours’ duration,

In an exammnation on July 13 fine, wheezy rdles were heard on both

1 d
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sides of the chest Limted chest expansion, shortness of breath, 2
spasmodic congh, and some acrocyanosis were noted,

Roentgenologic exammation of the chest on July 23 (sec fig. 82) re-
vealed changes typical of chemieal itis, and also showed partial
atelectasis of the left lung Another cxamination on August 3 showed that

the pneumomitss was beginnmg to clear up

. «
R
~V
[
~
f R
B Tre

Fic. 32 Case 12, 7-23-45 Onset of symptoms 13 days before The
pneumomnitss miolves the central lung areas.

The patient was treated symp lly He was freq tly seen 1;:
the office, as he had an aversion to confinement in a hqspﬁal 'l'helcuu%l "
and dyspnea gradually decreased dunng a pertod of six weeks He w s
m Ilent physical dition on S ber 4, when he was discharge
from medical care ) et

On August 25, 1947, he was examned and found to be in e}:cted.l!l!
physical conditron The report of the x-ray check-up (fig 33) on thal
states

“Exammation of the chest shows no parenchymal anfil
time. The bronchovascular markings are not unusually ace 0
peripheral ung felds are clear. This 15 a healthy-appearing ches

tration at ths
entuated The

Case 13
This young man, then 21 years old, v
1946, as a metal worker in the attrition mull

vas employed on September 22,
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His past history was essentially negative His mother had‘ died at the
age of 56 of thyrotovicesis, but otherwise the farly history is urelevant

A pre-employment roentgenogram showed his chest to be essentially
normal His standard vital capacity was 102 per cent

On Nosember 22 the patient presented himself for exammation s
vital capacity then was 102 per cent There was physical evidence of con-

Fic 83 Case 12, §-25-47 Patient s clhinucally well Chest s clear and
there 1s no residue of pneumonihs

siderable metal dust on the mucous membranes of the nose and throat
The chest was clear to )| e comp d of a sub: sensa-
tion of burning and pressure, first noticed about three days previously.
This was ated with a sp d prod cough, worse when
the patient was m a supme position He stated that for the previous 24
hours he had had a tendency to shortness of breath on relatvely mild
exertion, and that for the previous five days he had had a feeling of
lassitude and general malaise, with definrte anorexia

On November 27 he was perritted to return to routine duties, At the
next weekly routine check, however, on November 29, although his nose,
throat, and chest were found to be clear, hus vital capacity was found to
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have dropped abruptly to 90 per cent, He was immediately stopped from
further work

A physical exammation on December 7 revealed the typical signs of
pneumonitis. Roentgenograms of the lungs (fig 34) confirmed the diag-
nosis.

Fic 84. Casc 18, 12-21-46 Moderate pneumonttis of both lungs Fiest
symptoms were noted November 19 of same year.

The patient was not hospitalized, but was placed under frequent meil—
cal observation, The treatment was symp e Senal (3
of the chest showed the pneumonitis proceeding slowly toward reso[uho:-

On March 24, 1947 the patient showed clinical evidence of {ull refc:)h "
ery and lus roentgenogram (fig 85) revealed complete resolution of
pneumomtis

Cuse 14
Thas young man was 27 years old at the time of his employment o
plant He was hired on October 18, 1946, to work m the atmtmnar(z;ve
His previons history and the family history were essentsally nei’g nor:
A pre-employment roentgenogram ( ﬁgl 736) bhb\;’f‘d Tus chest to be
mal. His standard wital capacity was 117 per cen .
On the evenung of Decle)mbe); 96 the patient went to bed fee;lng:;‘g
looking apparently well, but the next morning was aroused out of a s

m the
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sleep by an attack of aoyge dyspea, With audsble whcezmg lmeatlxing

'S acute attael Which fagroq Aabout gp Minutes, yoq AcCompanied by
nanses, bug not by emes;s The acute Tespiratory, Svimptoms apdly syl;.
seded, by the young man Noticed £eneral feeling of “eakness ang a
decideq tendency, toward “drzzme, The acute SIPLoms \weye gnen

Fie g5 Case 13, 3-21.47 Bath Ing field, are clear wyfy 10 residuat
changes from the Preumonyy, g

tempomry Attentron by a teighborhoag Physican, and on ]unuary 4,
1947, 4, Dattent g, humself 5, alable 14 me for bservatg, and treqy.
ment Ap CRlimnatioy of s chest o this dage failed 1o reveal gy, objec.
the Svidence of pu)monary disease,

On ]anuary 11 pe Omplameq of shortness of breaty,, of Spasmodye,
nonproductyye <Ough, of Substerna) discomgors felt o "Spiation ang
when by Was 1 the 5y, e position, and of AN0reiq A appreciah,
toss of Wwerht,

The Phvsical SYANALon o this date rerealed geg,
Pulmon,p, disease The chese SXpansion o deﬁmtcl) Testricted The
Perenssign Bote vwas resonang throughont the chest, pue e,
“heezy pijeg nere hearg throughoyg the baseg and hylay Areas of pog,
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lungs. A roentgenogram (fig. 87) taken at this time revealed 2 marked
pheumonitis i both lower lung fields

The objective symptoms progressively worsened until January 31, but
two weehks later there was defintte subjective and abjective mprovement.
On April 19 the patient was cluucaily found to be well, the chest was

Fic. 36  Case 14, 10-18-46. P pl chest g
vealing essentially normal chest findings.

(fig 35) revealed

clear on ltation and p Roent
a healthy-appearing chest. )

When contacted 1n November 1947 the patient stated that he was It
excellent condition and free of all respiratory symptoms.

Case 15 Lt the

This man, aged 61 at the tune of s tllness, was first employed a!
plant on October 6, 1946, as a carbon lathe operator -

His parents had died 1n the sixth and eighth decades of Iife of unl‘no;‘ .
causes He bad no k ledge of pul y or malj t disease mh ‘d
family. His own history mcluded the usual chuldhood diseases. "819;6
been operated on for a ruptured appendix about 20 years before 1940
but had had no other senous 1illness
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On [anuary §, 1947, he prcscnted himself for medical examnation,
complaumng of shortness of breath, of substernal soreness on 1aspiratson,
and of anoreia and loss of weight.

Exammation revealed rapid, shallow breathmg, and marhed acro-
cyanosis, The p note was dull throughout both lungs Fine, dry,
wheezy riles were heard throughout both sides of the chest

Fic 87 Case 14, 1-13-47 Matked peumonitss i both lower lung fields
16 days after onset of symptoms

The patient was admutted to the hospatal on January 13, with the typ:-
cal roentgenologic and climeal signs of chemical pneumomtis Oxygen
and penicillin were given n adequate amounts, and within 12 hours a
most remarkable tmprovement m his condition occurred His breathing
became deeper and less labored, and the substernal pamn had virtually
disappeared  Afterward ovygen was used only at mntervals

The blood count and sedimentation rate were within normal lumsts, and
the urme was found to be normal

The patient’s progress was rather rapid m view of the seventy of the
disease He was released from the hospital on January 28, and returned
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to work, m the same department of the plant, on March 17, On March
31, however, the same severe symptoms recurred, with the same findings
made on examination. The patient was again hospitalized on Apnl 1,
Again he was given penicillm and ovygen, and again remarkable im-
provement was noted climeally, There was no appreciable rise in tem-

Fic, 88 Casc 14, 4-18-7 No residual pulmonary denstics Lung

fields are clear,

perature, but the pulse and 1espiratory rates were above nnnnn]]. Tilf
laboratory findings agam were within normal hmi!s: Ile was rel (‘-\(S’Ic
from the hospital on April 12, and on April 28 was discharged from
plant for medical reasons —
When interviewed on August 16 thns man stated that he was in ;‘S :
lent health and was working every day. The roentgenologic report of tha!
ate states,
¢ ]“‘llcf-ewmm.mon of the chest shows no unusual accentuation of the ]nl.xf
ar penibronchual markings at this time There {s no evil'l’cncc of any pnew
momtis at this ttme This is a healthy-appearmg chest.
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Case 16

The patient was an unmarried girl then aged 19, who was first em-
ployed at the plant on March 12, 1947, as the operator of a rotary furnace
reducing beryllium sulfate to beryllum oude. On March 27 she was
transferred to work with a vibratory separator

Fic 39 Case 16, 3-14-47 Pre-employment roentgenogram revealing
a normal-appearing chest

The family history was negative, with no tuberculosis or mahgnant
disease The patient’s own history also was essentially negative A pre-
employment roentgenogram (fig 39) revealed a normal-appearing chest,

Her illness began Apnil 12, with dermatitis of the eyelids This condi-
tion cleared 1n two weeks, but on Apnl 26, the patient complained of
considerable spasmodic coughing, of shortness of breath, and of weakness
and fatigue, all of one week’s duration

On May 26, when the patient was admtted to the hospital, examination
revealed definite acrocyanosis, fine musical riles on both sides of the
chest, and limitation of the expansion of the chest The percussion note
was normal,

The roentgenologic observations (see fig, 40} on that date were as fol-
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lows “A rather diffuse nonhomogenous patchy infiltration is seen through-
out bath lung fields, though apexes remain clear. The diffuse pulmonaty
infiltration 15 rather suggestive of chermeal pneumonitis ™

In the hospital, no penicillin or oxygen was administered. The resolu-
tion of the pneumonitis was rather a slow process. The patient was dis-
charged from the hosputal on June 18, completely recovered.

Fic 40, Case 16, 6-96-47 Diffuse, nonhomogeneous patchy mfilration
throughout both lung felds. Apexes appear relattvely clear

During the hospital stay the temperature was not elevated The cardu;
and resp y tates were moderately incrcased. The blood count an
sedtmentation rate remaned withm normal hmits, and the urme W33
normal.

When interviewed on August 29, the patient stated
good health The report of a roentgenologic examinatton
date states . " of any

“The lung fields appear clear at this time. There is no evx e“ceﬁbmsxs
residual pneumomtis 1w exther lung base There s no residual

Thas 1s a healthy-appearing chest.”

that she was 10
{fig 41) on that

Cose 17 o
This woman, then aged 33, began work at the plant on January 20,
1947, as a stenographer, oy e

Her personal and family history included no chronic pulmona:
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ease or malignant disease In a pre-employment examination the findings
were negative. A pre-employment roentgenogram revealed no mamfest
tuberculosts, calefication of the Inlus of the left ung

On May 14, she presented herself for medical exammation, complam-
mg of a spasmodic cough, substernal discomfort, shortness of breath,
some loss of weight, continual fatigue, and loss of appetite

L

Fic 41, Case 16, 8-29-47 No evidence of residual poeumonitts or
fibrosis.

Examination revealed riles at the base of the right lung, and sibilant
rhoncht in the hilar areas of both lungs The chest expansion was de-
creased Shight acrocyanosis was noted The temperature was shghtly
elevated

During the entre course of her illness the patient was ambulatory The
progress of the pneumonitis was followed by means of senal roentgeno-

ams.

On July 19 the patient was climeally found to be well, and 2 final
roentgenologic chech-up on this date was reported as follows. “Re-exami-
nation of the chest shows complete clearmg of the punctate pneumonitis
mn both lungs, The lung fields appear clear at this time.”
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Case 18

This man was 31 years old at the tune of his employment in the plant
He swas hired as an’ orler m the maintenance department on January 9,
1947

s family and personal history was essentially negative, A pre-emplay-
ment Yoentgenogram (fig. 42) revealed a normal chest

Fic 42 Case 18, 1.1046 Pre-cmployment film revealng a normal
chest.

He first complamed of substernal pam on inspl'r-lh'l’ﬂ»q:hmmessm';f
breath, and a spasmodic, nonproductive cough on February 22. An "“"r e
nation on thus date revealed bilaterally decreased chest expansion the
percussion tone was normal, but diffuse wheezing riles thm"gh[’”'h of
lung fields were heard The patient also had a shght papular ras
the face. R PRI

When he N T )
elevation of
squeaky, dry
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The riles were most marked at the base of the right lung, and the per-
cussion note was moderately dull over that area Slight acrocyanosis was

Fic 43 Case 18, 3-17-47 Appearance of chest 23 days after onset of
disease Dense, mottled opactties extend from the hila short of the
peniphenes

sammation, 23 days after the onset of
regative except for strongly positine

The patient was released from the hospital March 24, and returned to
work on April 29

When seen on October 7, he was m exceltent physical condition His
weight was 146% pounds and his vital eapacity was 107 per cent

A roentgenologie examination (fig 44) on October 15 was reported as
follows “Re-cvamunation of the chest shows no enlargement of the ular
shadows There 1s no unusual of the L i lar mark-
mgs, and no evidence of any penbronclual pneumomtis or punctate m-
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fltration at this time, There 15 no enlargement of the heart, The chest
appears heaithy, with no residual changes due to pncumonitis”

The patient was examined again on November 26, and was found to
be in excellent condition. He stated that he was free of any respiratory
symptoms, His vital capacity on November 25 was 120 per cent plus.

Fic 41 Case 16, 10-15-47 No residual changes or abnormalities from
the pneumonttis Patient m excellent condition

Summary Jants in the
In the past seven years, among the employees of two plants

Cleveland area, 315 cases of a discase entity with acute d -
festations have heen 1 The etiology of th

. 4 rted
disease has not been defimitely established. Unlike the conditton reP";w’
from the fluorescent lamp industry, this allness 15 not delayed m its ;)m)ed’
and 1o recucrence has been noted after the patients have been exc!

ermal and
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from the berylluum ndustry Check-ups of 18 persons who had had severe
pneumomtss disclosed no chronie mamfestations or recurrence of the dis-
ease, and no disability resulting from it

Discussion

CILABLES E. WINDECRER®

The discoyery of the health hazards of beryllnun production was at first
surprising and, of course, alarmmg I believe the danger was first apparent
to producers of beryllium m this country about 1940 or 1941. Undoubt-
edly, 1t had been recogmized by some people before that time, but i Ohio
there was no way of recogmzing 1t at the time of the first outbreak of
tllness 1n the industry there WVith the first cases it became obvious that
the patients were suffermy from something caused by thewr employment,
but there was no pattern for diagnosss and no pattern for treatment 1
believe 1 can give a cross section of the thmhing of management by say-
ing that the problem was tackled with the ouly tools available, that 1s, by
improving working conditions m the plants as rapudly as possible. Woik-
g completely m the dark, we have mstalled dust collection and ventda-
tion apparatus and other safety devices as fast as we could spot the
danger pomts

Thronghout mndustry’s experience the trouble has been recurrent and
spasmodic In my company’s plant an mterim of almost two years passed
without a single case of dermatitis or pneumomttis. From our observations
of early outbreaks of the disease, we concluded that the madence was
greatest during winter months, and we attributed the high incidence to
the difficulties of simultancously heating and ventitating the plant. Then
the disease occurred 1n midsummer

We have often considered issumg a paper frankly exposing all our
meager knowledge of the problem to our employees, but i each mstance
have abandoned the 1dea because our knowledge was insufficient for any
tvpe of explanation The fact that we had to leave our employecs in the
dark as to the degree of harm due to beryllium has not helped our rela-
tions exther with our employees or with the rest of the commumty

® Preadent, Chfton Products Company, Pamesville, Ohia
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Generally speaking, the workers in plants hke that of my company can
be divided mto twa groups. One group, compnsing 90 per cent of the
employ ees, consists of thase who have served an the industry for many
years, Because their employment started lang before the installation of
safeguards, these people have all been exposed to the dangers associated
with the mdustry, Yet as a group they have never heen subject to any
serious pulmonary or shin trouble It has becn among the second group,
the remaming 10 per cent, that all the pulmonary and skin traubles have
oceurred,

Through the years we have become accustomed to vistations by repre-
sentatives of all the government agencies concerned with the production
of berylhum and with mdustrial health problems. Our attitude has always
been completely cooperative; indeed, we have soheited the help of these

v I am confident that & will inue m this attitude,
and in this I feel that 1speal, for the entire ndustry.

Recently, we have been given some new and helpful tools, namely, well
planned pre-employment exammations, periodic tests for all employees,
and promising therap hods On the whole, however, we Bnd
ourselves still in about the same position that we were in seven years 280
Though we have installed safety devices an the plants, we find that the
tremendous range of susceptibility among the emplayees has minimized
the effects of these safeguards It appears that from the standpomt of
safety engineermg, anv job that falls short of perfection js of question-
able value, but the enginecring of a pertect job seems economcally

ruinous

The beryllwm mdustry 15 ndeed the patient. It is a young patient,
hopeful of a brlliant future Its very Iife depends on the discaveries 0
be made by the members of this symposium and by ssmilar groups.

1 have prepared a few questtans to put to the medical profession These
questions, I behieve, are typieal of those in the minds of men responsible

for the I of plants prod and using berylimm
1 Do you think that the dangers to health in the mdustey canld be
lled or el { by p pparatus mn the plants?

2. Do you think that the hazards could be controlled or ehmmated b}x'
periodic examinations of employees and by rigid control of their persond

hygiene?
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3. Would the combmation of both of these measures lead to an ehmi-
nation of the danger?

4 A g that no threshold, no daily level of exposure
consistent with safety can be definitely established, are you wallmg to
suggest an empirical level?®

5 What measures do you think would constitute a complete periodic
examination of all employees?

6 What beryllum salts or compounds do you consider most active in
producing pneumornitis?

7T Do you think that beryllum oude m its vanous degrees of calcina-
tion may produce pneumonitss, or 1s there some possibihity that traces of
beryllium salts remammng m the oxide as contammants may produce the
disease, depend divid

1 degree of ptibiliy?

8 Does metallic beryllum produce the disease?

on the

9 Do you feel that a safe mavmum daily level of exposure would be
based upon the ndividual salt and would vary according to the actvity
of that salt or compound, or would this level be based purely on the
element atself?

10. What program for personal hygiene would you recommend
plants where berylhum 1s handled?

11 Are you ready at this time to say that through the treatment of
cases, some thmgs have been leamed which could possibly be of help
mn efforts to prevent the disease or to arrest 1t m the early stages®

12. How scon after pnenmonttis has been recogmzed do you recom-
mend the ad of lln or ?

P

13 Would you say that seasonal moculation of employ ees agamst nflu-
enza and head colds would help?

14 Can you correlate 1n any way the occurrence of the disease with
weather conditions and the prevalence of common infectious diseases?

15. Can you correlate the dermatitis with susceptibility to pneumonitis®

16 Do you recogmze more than one form of the dermatitis and, if so,
have you found that all forms respond to treatment with benadryl?

17 If there 15 a possibility of correlating the maidence of dermatitis
with the incidence of pneumomitis, would it be too farfetched to think
of treatment with benadry! to prevent pneumonttis?

* See references 1732 and 174 (Ed)
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Generally speaking, the workers m plants like that of my compary ¢an
be dvided mto two groups Ose group, comprising 90 per cent of the
emaployees, consists of those who have served in the industry for many
years Beeanse thew employment started long before the installabou of
safeguards, these people have all been exposed 1o the dangers associated
with the mdustry. Yet as a group they have veves been subject to any
sertous pulmonary or skin trouble It has been ameng the second group,
the remamng 10 per cent, that all the pulmonary and sk troubles have
ocenrred,

Through the years we have become accnstomed to visitations by repre-
sentatwes of all the government agencies concerned with the production
of beryllwm and with mdustral heaith problems, Oar attitude has always
been completely cooperatwve, mideed, we have solicited the help of these
agendies T am confident that management will eontyaue m this atttude,
and w ths 1 feel that I speak for the entre industry.

Recently, we have bern gwen some new and helpfol tools, namely, well-
plaancd pre-employment examinatious, periodic tests for all employees,
and | herapeutic methods On the whole, hawever, we find
ourselies still i about the same position that we were in seven yeass age
Though we have mstalled safety desices m the plants, we find that the
& dous range of :ptibality among the employees has mmimized
the effects of these safeguards It appears that from the standpomt of
safety engmeering, any job that falls shert of perfection is of question-
able valte, but the engmeermg of a perfect job seems economscally

ruinaus

The herylhum wdustry 15 ndeed the patieat. It 15 a young patient,
hopeful of 2 bellant future, Its very hte depends on the discoveries 0
be made by the members of this symposwun and by similar groups.

1 have prepared a fes questions to put to the medical qrafession Th'cse
queshions, I believe, are typical of those m the minds of men respﬂﬂslme

for the man of plants producing and usmg beryHium,
1. Do you thunk that the dangers to bealth 1 the mdustry conld be
Hled or el 1 b tective app in the plants?

Y 9
2, Do you fhumk that the hazards could be controlled or elnmnated b)l
periodic exammations of employees and by rigid control of their perond

hygiene?
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3 Would the combination of both of these measures lead to an el
nation of the danger?

4 A ing that no threshold, no maumum daily level of exposure
consistent with safety can be definitely established, are you willing to
suggest an emprrical level?®

5. What measures do you think would constitute a complete periodic
eamimnation of all employces®

6 \What berylhum salts or compounds do you consider most active 1
producing pneumonitis®

7 Do you think that berylhum vade 1n 1ts various degrees of calcma-
ton may produce pneumomtss, or 1s there some possibiltty that traces of
berlmm salts remaining m the oxide as contammants may produce the
discase, depending on the mdividual degree of susceptibility?

8. Does metalhe beryllum produce the disease?

9 Do you feel that a safe maximum daily level of exposure would be
based upon the indwv:dual salt and would vary according to the activity
of that salt or compound, ar would thus level be based purely on the
element itseli?

10 What program for personal hygiene would you recommend mn
plants where beryllium is handled?

11 Are you ready ot this time to say that through the treatment of
cases, some things have been learned wlhich could possibly be of help
in efforts to prevent the disease or to arrest it s the early stages?

12. How soon after pneumonttis has been recogmized do you recom-
mend the admnj: of p hn or strep ?

13, Would you say that seasonal inoculation of employ ees against mffu-
€022 and head colds would help?

14 Can you correlate n any way the occurrence of the disease with
weather conditions and the prevalence of common mfectious diseases®

15, Can you correlate the dermatitis with susceptibility to pneumonitis®

1€ Do you recognize more than one form of the dermatitis and, if so,
have you found that alf forms respond to treatiment with benadryl?

17 If there 15 a possibilty of correlating the meidence of dermatitis
with the meidence of pneumonttis, would 1t be too farfetched to think
of treatment with benadryl to prevent pneumonitis®

° See references 173a and 174 (Ed )
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Further Discussion

M WINDFCKER. Do you feel, Dr, DeNardy, that the danger could be
controlled by protectise apparatus in the plant?

bR pENARDL  Unquestionably, improvement of the enginecring aspects
of the chemical processes will help considerably toward elfninating the
hazards we arc confronted with in the plants,

A wavpecker Do you feel that the danger could be controlled or
elimmated by periodic exammations of the employces and by rigid con-
trol of thewr personal hygiene?

or. evanpt I have stressed the fact that medieal vigilance 15 essentitt
for some control of the various manifestahons of the disease, Our present
pracedure consists of periodic exammations of all employees active
production, and immediate examinabions of all persons who show evidence
of mfection or irritation of the upper respiratory tract.

We have mstituted a prophy lactic lay-off system Because infection or

%) 1 11 i
d a predisposing

imtation of the upper resp y tract 1s
factor i bronehitis or pneumomts, a person with such a condition is not
permutted to work until it has cleared up, althongh he recenes bigh

percentage of huis base pay
am wixoecker: Do you thunk that esther by better engmeering or by
medical vigilance, or by a combmation of both, the danger can be
elmmated?
pr. pENARDL. 1 do not believe that we can totally elimmate the factor
that produces the disease 1 am of the opinion, hovwever, that the dis-
person of the offendmg particles m the atmosphere of a plant can be
reduced to a mununum, so that only hypersensitne smdmviduals will
develop the disease

Devices for reducing the eposure of the workers, improv ed methods
for the evtraction of beryMum, and constant medical vigilance are
essenttal 1f the hazards are to be controlled 1 the fatuse
AR WINDECKER  Assyming that no threshold, or safe mavmum of d.u'l')'
eyposure, could be established as factual, would you be withng to sug-

gest an empirical level?

idered an
or pExanpr  As I have stated, host sensivaty must be considered
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tmportant factor i causing the disease An empirical safe maumum
may be determined by dust counts made at cifferent times of the day
Esen 1o a supposedly safe phere, howeser, although the “pormal’
person will not develop any of the symptoms of beryllum powsonmg, the
hypersensitwe person m all probability will develop some form of the
disease Tt will be diffienlt to elimimate completely this facter of individual
susceptibility,

Nevertheless, mi g the daily exp doubtedly will reduce
the mcidence of the disease

MR winpECKER  What beryllum salts ot compounds do yon consider
most active 1 causing pneumonitis®

pr penaror. Berylwm fluonde 1s unquestionably one of the salts that
15 causing pneumontts The fluoride process undoubtedly has been
responsible for the largest number of cascs not only of pneumonitis, but
also of dermattis Berylhum sulfate tetrabydrate has been considered
another contributing factor 1n the mnsidious ty pe of pneumonttis, whereas
the anhydrous bers lhum sulfate, m wy opinion, s the probable cause of
the fah g type 1 und d that this compound 15 unstable and
15 the product of a violent thermochemical reaction. and I assume there-
fore that ats concentration m the atmosphere, though 1t may be very
brief, may be extremely ntense

MR winpecker:  There has been some suspicion of berylunm onide Do
you think that the ovide tm 1tself, any of its varwns degrees of calena-
tion, may cause preumonitis, or do you think there 1s some possibility
that traces of beryllium salts remaming 10 the owde may be responsible?
DR pEMaRDI- In the twao plants under my medical superviion I have not
encountered any difenlty with pure berylhum ovde, and we have had
worhers who were emploved continuously m that particular department
for periods of several years Small amounts of the fluonides or sulfates,
which are volatile to a certan degree, may cause bronchitis or pneumo-
it T behieve that beryllium oude 15 less hikely to be pathagente than
those compounds are

MR WINDECRER, Do you have the same opinjon 1 regard to mefallic
bery Nium®

DR DENATDL  Yes This form of beryihum may contam less than 05 per
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anmals in support of the theory that some compounds of beryllum are
pathogenic for man,!". 131 152 1S3 18 41 655 Djagnoses of pulmonary
sclerosts and chronie large—celled pneumonia made in cases in Massa-
chusetts seem to corroborate the existence of a second clmical type of
pulmonary disease 1n the berylhum industry abroad.

The epidermology in America also is outhned m table IV. One notes
that 1n the United States as in Europe, a wide vanety of beryllum com-
pounds appeared in the industral ensironment of the patients, and that
the seseral diagnoses fall mto two clinical categories, chronie and acute
Both types of disease affected primanly the respiratory tract, and to the
attending physicians both suggested chemical p Unpublished
reports recened by the Division from physicians mention smgle cases
and groups of cases, in both the chronic and acute categories, arising 1t
Connecticut, California, and New Jersey, as well as 1 Ohio, Massa-
chusetts, and Pennsylvana, in mdustries using berylhum in some form
Thanks to Dr Willard Machle and Mr E. W. Thompson, we have sound
clinical and pathologic evid of the basically important fact that 2
berylhum worker who has had more than one attack of the acute dusease
of the respiratory tract may develop chronic disease. These reports seem
to be strong evidence that m the beryllum industry totic matenals are
used which are capable of causmg disease of the respiratory tract in
man

The following matertal shows the character of the illness occurring
among M: h ts workers 1 in the fluor t Jamp industry-

i
These workers were exposed to zinc manganese beryllium sticate Be-
cause composition of the phospher vaned dunng the years 1 which
these cases were developmg, we have no knawledge of the intensity of
the exposure of any given patient No one operation 1n Buorescent lamp
manufacture can be shown to have resulted n a greater pumber of cases

than did other operations No habit of work, such as the famous brush
has been discorered to be 3

sucking of the painters of radium dials,
yed chemical

common factor in causing what we have chosen to call “dela
pneumonitis ” This term, suggested by Dr. Joseph Aub, has prov ed very
useful, especially when lengthened to “delayed chronte chemeal pneun©-
mtis.”

Because more cases are currently being discovered, n
incidence of the disease would be reliable At present we

o figure on the
have in out
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filles records of 45 cases m Massachusetts (see table V) These 45
patients, of whom 13 were nten and 32 were women, were employed in
fluorescent lamp factories for periods ranging from four months to eight
years. The most startling single fact about this seres is that out of 39
cases which were adequately studied, 1 27 the onset of symptoms fol-
lowed exposure after a delay ranging from one month to five years, hence
the vahidity of the term “delayed chermeal pnewmonitis

TasLz V' OCCURRENCE OF £ases 1N
MASSACHLSETIS  FLUORESCERT LAMP

TORKERS
Year Ne of Casts
1941 2
1942 2
1943 10
1944 3
1945 7
1946 12
1947 (to Seprember) 9
Total 45

A second unusual fact which enters the picture 1s the appearance of
additional cases which we call “neighbor cases™ 3 instances 1 winch
persons humg near a fluorescent lamp factory contracted an illuess
identical with that found among the wdustry’s employees Of these 8
patients, 2 have died, and autopsies revealed the same pathologre effects
a3 1 the warker group, In a forurth ease. m which the chnical picture 15
stmular to that m the worker group, the patient 1s the mother of a worker
who died of delayed chemical pneumonitis The Jate Dr Gardner told
us of 2 single nerghbar case of what appeared to be delayed chemical
preumonttis 1 Ohto Gelman *¥7 reported that in Russia watchmen sta-
tioned 150 meters from any operation in which berylum was used
developed pulmonary disease stmlar to that suffered by workers engaged
1 such operations Wath our present knowledge it 15 mpossible to mter-
pret these findings, but 1t 15 certamn that they haye grave impheations for
public health

With study of the Massachusetts cases during the past five years, it
has become possible to define a unique clmeal syndrome {see table
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VI). The development of the disease was gradual in most cases The
patients sought medical advice i most mstances because of fatigue and
loss of weight, followed by gradually mcreasing dyspnea on enertion,

TaLE VI syMPToMS AT ONseT

No of Cans
-
Weight loss 38
Dyspnet 35
Anorevia 36
Cough 7
25

Weakness and fatrgue
S
with or without cough. A 1a and ner were p
onset, espectally among the women Frequently, mild coryza appeated
and persisted When these symptoms failed to disappear, the patients

t at the

TaeLe VIl sYNDROMES AT ONSET
— e ——————

No of Caset
Persistent respiragory nfection wich weight loss 12
Graves' disease 2
3

Rheumatord arthntis

sought help. Some of the mutal syndromes are histed 1n tsble VIL of
special mterest are the 2 cases in which the disease simulated Graves'
disease and 8 m which 1t simulated theumatoid arthritis. The possibilfy

TapLe VIII  PREDISPOSING FACTORS

o Teem VI e e
No of Cases

Pregnancy during * delay® u
Chromic cespiratory mfections 7
Fatigue (in soldters) 3

Allesgy
Meety T

y, and nnusual fatigue

was g d that resp v infections, p
ease 1N SOME

mght have been factors in precipitating the onset of the dis
cases (see table VIII}, o
At the onset of symptoms the clinical picture and the roentgenolog
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Pattern, winch 45 describeq by Dr. Wilson, o Vete similar 4 all cages
e

Orexyg Persisted, i others 3 dl:appeared Completely oy an earfy
Stage Nausea and Yomting, Spectalfy when Concomtapy with coughmg
bouts, "I often by to hande

Tases fx PHysica, Fvprvgs

—
N of Carer
Abnormyy Fsculeatory sygng e 2
0815

10
Cardiye changes 8

5
5
4
3
3
2

The Positn e ﬁndmgs 0 physica) SXMmnatgy, (table X) were not
Stikmg Becayg ©of the logs of Werght ang th

Tt Single and
and transzmry in occurrence, Wwere

CTOSUNG Sop0q of cages are by o
» loweyer, that e 04 cultyy o of

Se for tha tubercp, bacaliyg {table x

ests of
lood gng Sputa for other DPathogen.. org.

2ismg Lue Negatn ¢ resulte
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Taste X. TESTS FOR TUBERCLE BACILLY

No. of Cases

Spurum examinations

Negative for tubercle bacillt 2

Negative for yeast and fungt 3
Tubercubn tests

Negative 13

Posiuve 2
Cultures for tubercle bacull

Negative sputa 16

Negarive gastric washgs 2

In rare instances, skin tests for an acid fast organism showed a positne
reaction. Secondary polycythemia has developed in 8 cases, but other:
wise the blood elements show no change (table XI). Scdimentation

Taste X1 8LOOD COUNTS AND SEDIMENTATION RATES

No of Cone

Blood counts
R B C more than 5,000,000
W BC 9,000-11,000
WBC 4,000-6,000
Marked disturbance ta differentral
Sedimentation rates
Shightly elevated
Normal

[V ra.

XN

Sl
rates show lnttle change (table XI) Abnormally high amounts of glob-
ulin, caleium, alkahine phosphatase, and total serum protein \\e.rc found
1n the blood of a few of the patients who were most senously il {table
XII) In one case the increase in blood caleium was correlated with the

Taste XIL avoonb cHEMISTRY

No of Caret Findmgs Ramge Aomagr
3wy
N PN over 30 mg 3 o528 o
Total protern H ' >
Alturnn 4 27,42 17 —443 3
448,38 B
Glabulie 4 39,341, 29439 3
295,33
Calcium 1 1.7 mg

Phosphatase 1 6.7 units
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passage of a Lidney stove. Vital capacity studies as done in hospitals
are only app indexes of pul y function As one mght
expect, however, n all these cascs of delayed chemuecal poeumonits,
whenever an effort was made to test the tal capacity tt was found to
be dimntshed.

A punch bopsy of the liver of one moderately 1l patient was made
at the Massachusetts General Hosptal This examination was made m
spite of normal results in hver function tests, because the anoreva and
loss of werght suggested hver involvement Dr Tracey Mallory reported
tubercle-ike coll of cells of epithehioid ch behween normal
strands of hepatic structure We are hoping that 1t may prove safe to do
liver bropsies m other cases Buopsies of skin lestons and lymph nodes
bave becn \-anously reported as revealng true Boec\'s sarcoid, chrome

and tubercle-like lesions without caseation,

()‘ygen has been useful 1n the treatment of the acutely ill patients
s seties A few patients report that prompt use of an oxygen mask
aborts a spell of coughing, and that they observe a change 1 the color
of the Iips and fingernarl beds One patient’s husband, a good observer,
Teports that hus wife’s respiration rate drops from 80 to 30 breaths a
mmnute after a few nnutes of mhaling oxygen My colleagues and I at
the Division wonder 1f more regular use of oxygen would not be physto-
logically sound Patients well enough to travel belteve they have been
benefited, probubly through frecdom from resp;mtory lnfecnons by
tnps to Flonda and Arizona The sulf
and eytockrome-C have been tried in cases of de]nyed chemxca] pacumo-
s, without success, At Dr Gardner’s suggestion BAL, or British Anti-
Lewwsite, was tried by the Harvard Department of Pharmacology on
dogs pmsoned by beryllum, with no evidence of bencht Arsenicals have
been admimstered, with reported partial success to one patrent whom we
have not seen. Because of the loss of weight m these cases and because

of the fiucings 1n the one hver biopsy, concentrated feeding 1s now being
tred,

Keeping the patients’ morale Ingh has been a real problem, partly
because of the ceaseless dyspnea, and partly because the patients know
of the deaths among their fellow workers and are heenly aware of the
mystery surrounding the etology of this disease.

On the basis of our epenience with these 45 cases, we have arbrtranily
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divided them nto several categories according to the seventy of the
disease (table XIII). The severe cases for the most part were those
wiuch appeared earliest in this series; the complications occurred m his
group Loss of as much as 40 pounds i weight in the Brst year of luess,
and dyspnea aud orthopnea producing respiratory rates as high as 60
breaths 2 minute, were characteristic symptoms Profound ancresea, with
nausea and vomiting at times, occurred in the chimical course of the
disease, In this “severe” group, 7 of the 15 patients died after periods of
illness varying from eighk months to four years One patient in this group
has become completely well clinically after an llness lastng nearly
three years.

Taste X cLINICAL TYPES OF DELAYED
CHEMICAL PNEUMONITIS

No of Cases

Severe 15*
Moderately severe 18
Mild 8
Asymptomatic 4
Tortal 45

® Of these cases 7 ended fatally

We have classified as moderately severe 18 cases m whch the charac-
teristic effects are the loss of as much as 25 pounds weight in the
course of the discase, and dyspnea with an average respiratory rate as
high as 30 breaths a mmute Anoreua in the ey stages of the 1llness,
and vomiting followmg the bouts of coughing, are regularly repmted

In § cases classed as mild the patients have lost less than 10 pounds 1
weight, cough little or not at all, have no gastrclntes:inal symptoms, nng
expenience dyspnea only on exertion. The chest roentgenograms an
ccenpational historres, however, make 1t correct to mclude these cases
1 the series

Routine chest roentgenograms of 4 workers who were exposed ];0
beryllum compounds at the same time as worhers who became chimeakiy
All showed the pulmonary changes characteristic of the disease, but 0
far these 4 people have developed no symptoms

In some cases the duration, course, and outcame of this disease were
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affected adversely for the patient by the complications listed m table
XIV All patients reported that the shghtest respiratory mnfection m-
creased the dyspnea and also the coughmg, 1t a cough was one of the
symptoms, and the amount of sputum

Taste XIV  cOvPLICATIONS oCCt RRING
DURING THE DISEASE

No of Cases
Congesttve heart farlure 8
Acute resprratory tnfections
Pregnancy (after onset) 4
Kidney stones or colic 4
Spontancous pneumothorax 3
Emergency surgcry 2

In fve years the prognosis w these cases has changed markedly
Although sin deaths occurred among the first 17 patsents, as yet m\ly
seven deaths have occurred among 45 patients (sec table XV), ¢
mortaht) rate therefore 15 16 per cent OF the 45 patients, 27 are sh]l

dsabled, 14 pletely and 13 partually, after au average
illness of two years, Seven patients mn a sense are canvalescent, they are

TasLe XV CONDITION OF PATIENTS 18
SEPTEMBER, [947

Dead 7
Disabled
Complecely 14
Pactsally 13
Convalescenc (worhing) 7
Asympromatic b

Total 43

well enough to work. These 7 have been 1ll for an average penod of 18
months, Four pateents, as I have previously mentioned, are free from
symptoms OF the 7 patients who died, the majonty were all for approxi-
mately two years, ane died after four years of illness Among the disabled
patents the period of illness varies from four months to a hittle more
than two years Delayed chemical pneumonitis 1s shown by this data to
be usually a severe iMness of long duration
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In each case differential diagnosis requires ideration of infection
by acid-fast organisms, of Boeck’s sarcoid, and of silicosis. So far no
tubercle bacilli have been discovered in sputa or in cultures of post-
mortem matenal, but secondary infection by acid-fast orgamsms may
be a possible complication of this disease.

In our study of the I and in di fon with chini and
pathologists, my colleagues and I have developed a definite point of
view on Boeck’s sarcoid. To the pathologist Boeck's sarcoid presents 2
unique histologic picture, reasonably well defined, of unknown etiology
Perhaps, as French research workers postulate,3% 16% 464 the disease 15
the response of certain conditioned tissue to a varfety of stimul The
clinician sees Boeck’s sarcoid as a relatvely benign granulomatous disease
charactenized by transient skin lesions, by bone changes visible on vray
examination, by transient pulmonary x-ray findings, by enlargement of
the lymph nodes and spleen, by increase in sesum globulm, and 1n rare
cases by a bizarre involvement of the eye, parotid gland, and tonsil
Delayed chemical pneumontis on the other hand, as yet has produced
no bone lesions, 1t 15 a severe disease with a2 poor prognosis, only occ'ﬂ-
sionally has it been accompamed by an increase in serum globuh.n.
FPatients with delayed chermeal pneumomitis have a common factor in
therr occupational backgrounds, Furthermore, pathologists do not agree
that autopsies m cases of delayed chemcal pneumonttis revealed the
characteristic lesions of Boeck’s sarcoid

An atypical form of silicosis seems to be ruled out by several fms.
delayed chemical pneumonttis is more severe m the early stages than is
silicosis, the silicotic nodule 1s not seen m postmortem studics of the
lungs, silica is not recovered i any appreciable quantity from the hung

it fal as
ash of victims of delayed chemical pneumomitis. Even more crucial elx
denmoll evidence that delayed ehronic

a diff 1 point is the ep

h ! is has developed in workers m the beryllium mdustry
. containing

who have never been exposed to a berylhum compound

silica

oint out the
rently was
designated

I have attempted to outhne the epidemiology and to p
chief climeal features of an occupational illness which appa
discovered only recently, and which my colleagues ?nd 1 have e
as delayed chemical pneumomtis Lacking a s:xhs.fnclory ‘1‘]""; ndus.
test for beryllhum in the air, chemists and engmeers in the field o
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tmal hygiene have been unable to help toward setting definitely the
question of the etwlogic relationstup of berylium compounds to this
duease. The incimination of beryllium 15 based on its presence as the
common denominator an the working environment of patents suffering
with vanous types of pulmonary disability,

Conclusians

1 The distinctive chinical features of this disease are an unusual delay
i the onset of symptoms, strihing dyspaea and loss of weight, and the
long duration of the dlness There 1s always a histary of exposure to
beryllum compounds, generally in the past

2 A differential d ruling out pul v tuberculosis, siheosis,
and Boeck's sarcoid as defintely as possible 15 necessary m each case

8 Although the etiology of delayed chemtcal pneumonitis is not yet
cleatly established, chnical and experimental evidence 15 accumulating
which incrmmates berythum compounds,

4 There 15 evidence that cases of delayed chemical pneumomtis as
well as of acute ch 1 are g m arous parts
of the Umted States, \vhere workers are e\-posed to beryliam com-
pounds.

Discussion

THOMAS L SHIPMAN, M.D

Dr frdy »s 2 paratt to this she has

been i it only for a couple of years She has made up for lost tune, how-
ever While some of the experts were following will-olthe-wisp clues,
she undertook, the rather thankless but necessary chore of finding out as
musch as she could about the patients With utter disregard for both shoe
leather and automobile tires, she follawed them up, did everything but
mave to their houses and Jive with them. Her factual zecount sepre-
sents many hours of talking not only with patients but alse with thew
relatives, friends, and family physicrans, to say nathing of plant man-
agers, foremen, engineers, mdustrial hygentsts, and plant physicians,
Her tireless search has been for factors common to all cases So far 1t

o orks Fhy steatn, General Electric Company, Brver Works, West Lywa, Massa-
chusetts
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appears that the one d

environment, of beryllum

1 should like to emphasize and enlarge upon a few points which Dr
Hardy made. First, I should like to point out how easy it 1s to duaguose
the fully developed disease, m spite of the small number of diagrostic
cntena, Overwhelming dysp plus a chest which is
nearly unmistakable, plus a history of evposure to beryllium, gives the
diagnosis. So far no tests have been developed which will confirm or
disprove the diagnosis. Make no mistake, however, there are plenty of
baffting diagnostic problems in some of the borderlne cases.

I wish, too, to emphasize the vividly dramatic picture presemed by
the fully developed disease, Picture for yourself a young man Just out
of college, one who had been on the track team, reduced to the point
where shortness of breath would not permut him to walk more than 2
few steps at a time Picture an attractve girl in her early twenties down
from the normal 125 or 130 pounds to 83 pounds, and with a respiratory
rate of 40 to 50 at rest!

The onset of symptoms often may be gradual, but also m:
matically sudden. One girl whose roentgenogram showed the charae-
teristic pulmonary changes stated at the time, m response to durect
questions, that she felt perfectly healthy, with no cough or shortness of
breath Yet withm three or four weeks she was gasping and cyanotic,
and was hospitalized. This occurred neatly two years after she had left
the fluorescent lamp factory.

The astonishingly long latent period,
monary changes before the onset of symp , are
One young man, now a patient at Trudeau, had negative chest meil:
genograms for four years after his exposure ended Yet after anmher:d
months his roentgenogram showed the characteristic abnormalities, &
some weeks later he gradually developed orthopnea. -

The disease process, as you will hear from the pathologusts, B }X:un
confined to the lungs It 1s hard to say whether we are dealng Wit
her parts of the body, or with 8
Iy pul ry lesions The cases
ptoms which seem
ber of cases is smath
hers have &

is the p in the past

ay be dra-

| and the appearance of pul-

1 tng,

pulmonary disease with extensions to ot
. Tormi

disease p g P
do seem to fall mto certamn groups, each with sym|
be a variation on a central theme Although the num
some patients have exlubited sarcord-Ike skin lesions, oth
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sembled patients with Graves' disease, still others have deseloped
arthralgia, and w some patents the presence of gallstones and renal
caleuli has suggested metabolie disease

Do not lose sight of this pont whereas the Massachusetts patients
supposedly were exposed to zme beryllum silicate and perhaps some
amorphous silica, 1t seems probable that a smaller group m Connecticut
developed the same disease after exposure presumably to beryllum
oude without benefit of siica or a siicate Many people belteved that
u the acute cases n Ohio and Pennsylvanta the disease was a reaction to
the sulfate or the fluonde of berylhum, 1t is probable, however, that
some young research engmeers in a Massachuselts unnersity acquired
the same condition through exposure to berylhum ovide only I cannot
state with complete conviction that berylhum ovde was the sole offender
in these mstances Here, though, are some of the apparently mcompatible
findings which have plagued investigators We hope that ths symposium
will clarify the matter for all of us

We still have no answer to the question with the large numbers of
people working m the same mdustrial environment, why was such a com-
paratively small group affected® Dr Gardner postulated the theory that
the disease 15 due to expasure to the fuorescent powders, plus some other
factor which was stilt a mystery to him 1 certainly have no hey to this
puzzle, but I feel that whoever can provide 1t will be well on the way
toward the sofution of the entire problem

Further Discussion

DR suiian:  Previous discussions farled to enhghten me on one pomwt.
Tt has been stated that the percentage of beryllum m the phosphors
vsed m the Salem plant was changed sometime m 1912 1 am under the
impression that all or nearly all of the patients in the series of cases which
Dr Hardy has discussed suffered their exposure during the era of the
early formula 1 seek enhghtenment, fechng that this pomt possibly may
help to explain why so far—I want to emphasize that phrase “so far"—
the mcidence of the discase has been far greater m one plant than in
other plants

MR morst Qur ongmal formula for zme berytlum sthicate catled for
ahout 12 per cent beryllnm oude In 1942 we greatly reduced that per-
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centage, At about the same time, war requirements led to restrictions on
the use of berylhum, and so the proportion of beryllum oude was
brought down to about 2 per cent, which was more nearly m line with
the percentage used by other manufacturers That fact may esplain why
all our cases appear to result from evposure in the period before 198
M. MERRILL: It might be well to clarify the question of those percent-
ages a little There are two main forms of lamps: the daylight lamp and
the white lamp The white lamp contains about 90 per cent zinc beryl-
lum silicate and 10 per cent magnesium tungstate, whereas the dayhight
lamp contamns about 50-50 silicate and tungstate.

After discussing the subject with Dr Nichol, I wish to make this dis-
tinction between the two types clear. In the white lamp, although the
proportion of beryllm oude in the stlicate itself may have run as high
as 14 or 15 per cent, dilution of the silicate with magnesium tungstate
would have reduced the proportion 1n the final powder to about 12 per
cent In the daylight powder when the silicate had been blended with
the tungstate the proportion of berylhum oxide would have run about
6 or 7 per cent

I should like to discuss in a little more detail the case which Dr Ship-
man mentioned, that 1s, the one in which the patient had both the acute
and the chromc disease. That individual was exposed, not to beryllivm
fluoride or beryllhum sulfate or any of the more active chemicals, but to
berylhum ovide and zine beryllium silicate, and he had both an acute
form and the chronic form of the disease.

ME. MonsE.  Am I correct in stating that the change in form

proportion of beryllum ovide to 4 per cent?

d 25 per cent in the \white lamps
d in February
ction, starting

ula cut the

MR MERRiLL, It has run between 2 an
since early 1942 The prelimmary conversion was starte:
1942, and the new powder was gradually put into produ
m May 1942

am. morse  You mdicate that a high percentage of beryllu
low percentage gave the same efficiency. Is that because the
is a complicated one, so that a balancing of different elements,
than the amount of beryllium, determines the result?
MR MERRLL. I'm not prepared to discuss that questx
cause a lot of engineerng is mvolved 1 the whole

m and 3
formula
rather

on m detatl, be-
problem, many
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changes were made along other lines at the same tune that the change
was made m the formula, I should say that the old and the new formulas
gave essentully the same efficiency.
an Etsensup 1 should Mke to get defnite mformation, did all these
patients work in the plant before 19427
pr smrpara¥. I thunk this diseussion has raused a very impostant powmt
We have records of patients who developed the disease atter expostre
only to the powders with a low berylhum content 1 should hke to ask Dr
Hardy about that
pr HaRDY: Of the 43 patsents in the sertes, 43 worked m the one plant
that has had so much trouble. Two worked n anather plant which [ be-
heve used General Electrie powders, and if I understood the information
we have recened on that point, those 2 people were never exposed to
puwders with a beryllium content higher than 4 per cent

1n the group of 43 there were 2 or 3 young women who were too young
to have been working in the earher days
Mm nonse.  In answer to the specific questian, “Has Sylvama had cases
of the disease among employees who could not posstbly hase been
exposed to the Ingh percentage powder?” we think not The dates of
exposute m some cases of illness, however, are begmning to crowd
toward the date when we made the change m formula, and this fact 15
causig us real anxety.

Tt should be pointed out that the dates which Mr Mernil] gave for the
change apply to the production of the zme beryllum sihicate powder
Like all manufacturers we have a backlog of mventory, and our dates
for discontinumng the use of the high p ge powders ta f:
ing lamps would Jag behund his production dates by some months, Dr
Williams, who made a sunvey of our operations, reported that m August
a0d September of 1944 we had two batches of the high percentage
powder These were the last batches that we put mnto lamps That 1s
why there 1 some hesitation about the exact answer to Dr Shipman’s
question No one hnows what the nett case.may show

We believe, nevertheless, that every case discovered so far among
Sylvania employces can be accounted for w terms of exposure to the
high percentage poweder
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o, nEpMaN,  I'd dike to ask Dr. Hardy what pulmenary changes the
roentgenograms showed m the patient who was convalesemg after 2
pertod of illness of. I think, 18 months?

oR. #aR0Y:  Evenn this young man who is well, who has no symptoms
whatever and has gone back to work, there is a residual effect which
under other circumst. 1 think, logists would call pulmonary
fibrosis.

bR semstan ' Like to hnow the general range of the latent penod.
bR 1ARDY:  The first few patients to become acutely 11l became 1lf on the
job They were older people whe had been with the fim a number of
years and were there when the company began to make fluorescent
Iamps. These were the first 8 or 4 cases 10 the series.

In 27 of the 39 cases which were adequately studied, the onset of the
disease was delayed, The latent period varted widely, from one month to
five years,
pn sy 1 beheve that Dr. Hardy knows of 2 cases of delayed or
chrome pneumonits occurring m workers handling fluorescent powders
containing + per cent beryllium oide I'd like to hnow in detail what these
people were domg
pr Hanoy, Ot the two plants manufacturing Buorescent Tamps m Massd-
chusetts, one had no report of illness until March 1947, when the first
case traceable to that factory appeared m one of our Jocal hospitals

This young woman had been ged in fh Jamp
doing as apparently all such workers did in the years around 1041, that
another. She had worked 1 the
en had

d then

15, going from one staton jn the plant to
so-called stem department, and in the exhaust department, and th
left She bad gone with her husband to various army camps, an
had become a clerk in an office. Her illness was diagnosed origmally, 171
New Hampshire, as tuberculoss, and she was sent to Boston for study
She 15 gomg down hill raprdly

The other patient, with whose case I am not as fanuliar .
Iike to be, worked along with the first young woman She has a cOl'],-.‘
and shortness of breath, and has been 1 severa Jocal hospitals recently.
ent of fluorescent
and when of¢
uld cut

as 1 should

ot wiiians  Daring the early stages of the developm
lamps the manufacturers were usmg tubmng of lead glass,
of the longer 40-watt tubes proved defective at one end, they wo!
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off the end and salvage the tube by making it into a smaller one. Tius
15 the process in which this gurl was engaged (Incidentally, she worked
n the plant for & total of 520 hours } Her job consssted entwely of cut-
ting off these tubes by thermal shock, after heating a tube, she brought
a sapidly revalving steel wheel against tt, and it snapped from the shock
Dust resulted from this operation

Mmr. ursaN. Earher m this discussion, mention was made of a person
who apparently suffered from the acute form of the disease at two if-
terent imes before he became 1l the third time, then of the delayed or
chrome form Was exposure to berylum m this instance related to
Ruorescent powders®

ae Metmitl  The man had the acute form once and the delayed form
once, he did not have the acute form twice

MEourBan Did this mdivadual's berylum  exposure  result from
fluorescent powders?

DR HARDY  Apropos of the case just mentioned the carly records made
by Crispell!*4 n Pennsyhansa n 1943 and 1941 were those of men who
were making fluorescent powders.

Besides the pattent of whom Mr Merrll speaks, there was a man em-
ployed in the manufacture of beryllum alloys who had acate chemtcal
preumonitis twice After the second attack he did not go back mto the
berylhu pl but nesertheless he suffered a relapse
and died

At autopsy the lestans tn this case could not be distmguished from
those found at autopsy 1 cases 1 the fluorescent lamp sertes That fact
is tmportant from the epidemiologic standpoint, we have a very defintte
hook-up between the two types of pneumonitis

1 want to say in closmg that I don’t thunk we should be dsturbed at
this time about the waidence of delayed chemmcal pneumonitis When
I went to San Francisco m June to tell the National Tuberculosis Asso-

eatton about this, there were 36 cases, this 1s September, and there are
now 43 cases

This disease 15 @ new chmcal entity, and st appeats 1 an industry
usmg materials wluch we don’t hnow much about as yet. My laboratory
friends tell me that beryllum baffles them I thwh that as a group we
shonld accept the fact of this new disease 1 industry



CHAPTER 9

Roentgenologic Aspects

$. A. WILSON, M.D,”

1 have been asked to discuss the roentgenologic aspects of chronic pul-
monary granulomatosis probably caused by beryllium and its compounds

I think it is safe to assume that this request was made not because of
looic diffe sl d s, but

any special talent of mme for
because I have had opportumties to exammne many of the Massachusetts
fuorescent lamp workers who developed the disease, and to study the
chest films made m a number of other cases. Our Massachusetts series
consists of more than 40 cases, and the collection of roentgenograms in
this series has been augmented with borrowed flms, some of patients
with histortes of employment i the fluorescent Jamp industzy, and some
of employees of other mdustries, including the extraction of beryllium
from the are Chest roentgenograms of workers in brass foundries and
of people employed 1n the manufacture of neon signs or of abraswes
have been made available to me for study and comparison.

In the study of any disease 1t 1s desirable to dwide its development
into stages, if possible Dr. M C. Sosman of Boston and I ancmpted"f;'
do this for the article prepared by Dr. Hardy and Dr Tabershan®
1n 1946 We reviewed the rocntgenograms of 12 of the 17 patients dis-
cussed 1n the article These roentgenograms gave us the impression that
the disease progresses through three recogmzable stages, not including
the latent period During the latent period, which vanes from three
months to three years, the lungs appear pormal m a number of cascs
The earltest recogmzable roentgenologic varation from t ;
what we called stage 1, was a fine, diffuse granulanity res(‘mb]l.
sand We observed no increased lmear markings, no nodulation, N0

he normal, m
ng fine

* Radiolognt, Salem Hospital, Salem, Massachusetts
152
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coalescence of the lesions, no pleural thickening or effusion The appear-
ance of the lungs was not the even, relatively smooth ground glass effect
seen m pulmonary edema or congestion, for the lesions, though umform
and diffuse, were distinctly partrculate The affected area extended to
the penphery and mcluded both the apexes and bases, though at first

A

¥
\ .

Fio 45 Second stage of pulmonuy granulomatosis seen m a berylum
worker

glance the apexes and bases seemed to be spared (The late Dr Leroy
Gardner 1n Ius description of the roentgenologic preture mentianed the
sune observation ) The hilar vascular shadows seemed normal

In stage 2 there seemed to be a diffuse reticular pattem on the granu-
Lar background {fig 45) The hilar vascular shadows had become fuzzy
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and idistinet, and showed slight enlargement In only 3 cases could we
be certan that the lular nodes were enlarged.

In stage 3 distinct nodules, varying from 1 to 5 mm in drameter, were
found uniformly distributed through the Jungs In this stage the roent-

a Lerylm

Fic 46 Third stage of pulmonary granulomatosis scen m
worker

as of
genograms (hig 46) of several patients showed numerous small area

i films
dimmished density among the reticulo-nodular shadows. In single .
ace of a sponge We attribute

f cmphysema The nodales

f
0 signs of

the appearance was that of the cut surf
these small mtervening areas to the presence o
were evenly distributed They did not coalesce,
caleification or cavitation, There was no defin

and showed n
ste evidence of hineat
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fibrosis The lular shadows were still fuzzy and indistinct, The pleurae did
not seem to be nvolved We saw no defimte signs of emphysema at the
bases, though m one case some upward displacement of the Iula and the
mterlobar fissure on the nght was noted The pulmonary artery was

3
Fic 47

Third stage of the discase. also showing evidences of cor pul-
monale, 1 a bervllum worker

Promment m some cases, several of which showed the charactenstic
features of cor pulmonale (fig 47}

By now, having seen chest films from a larger number of cases, Dr
Sosman and 1 have somewhat altered our conception of the roentgen-
olagic changes and therr classifi It still seems desirable and neces-
saty, howerer, to formulate some classification, af we can, m order to
atalogue fims and study cases Making a reluble clasuficaton has
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proved extremely difficult for many reasons, including the fact that dur-
ing the latent period the patients are free of symptoms, that the degree
of disability varies, that in most cases we have becn unable to obtam
Blms of comparable quality, and that in many cases we have not had
complete series of films because the patients were examined in various
hospatals, in some cases in various locahties.

Obviously, 1t is necessary to detect even earlier changes, if possible,
than those we have been able to recogmze so far In many cases at least,
the pul y changes are progressive, and are it ble in the stages
now recognizable. Basmg a theory on information received on a few
cases of the acute form of the disease (one of which termnated fatally),
we are now considering the possibihty that patients developing the
chronic type of disease may during the time of exposure have passc‘d
through a stage of congestion, with or without edema, such as is observed
m the acute disease, but with so little disability that the condition 13
regarded by the patients or even by their phystcians as of no significance.

Increased Imear markings have been suggested as possibly the earhest
roentgenologic sigas of the disease, Such markings, however, are a ques:
tionable basts for an early diagnosis or even for suspicion of the disease,
for opimion varies widely on what constitutes a change from norma} to
pathologic p If earher g of the same patient
are available, the Imear markings may have diagnostic value and be
accepted as representmg stage 1 The fine, diffuse granular pattern will
then mdicate not stage 1 but stage 2 The diffuse reticular pattern or
granular background will indicate stage 3, and distinct, discrete nndui‘d-
tion, stage 4 We might add a fifth stage to our classification for cases It
which cor pulmonale 1s observed, even though the general roentgenologic
pattern does not change appreciably.

Throughout the later stages, although nodulation is th .
roentgenclogic feature, the granular “sand storm” background seems -
persist Emphysema probably always occurs, at Jeast in small areas, lh""cxs
1t is less evident n some cases than i others, Upward displacement ©
the short mterlobar Gssure on the night, which Dr Sosman and ¥ observed

e cases,
m 1946 m a smgle case and which I have since seent 1 several
in the lung bases.

ms sufficiently sumlar 1n all cases to
es assoctated

e dommant

babl d some emph

P
The roentgenologic pattern seel
garded as possibly diagnostic The pattern seen 1 €ast

be
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with the fluorescent lamp industry 15 repeated m the roentgenograms of
employees of other mdustries, but with some vanations, which probably
can be explained on the basis of differences 1n the degree of exposure
or 1n the types of berylhum compounds used w the different mdustries

Many shght vanations can be explamed on the basis of techmceal
fallures The technical aspects of graphy must always be con-
sidered when films are compared for ﬁne detail, as 15 necessary with this
disease, Unfortunately, the flms I have studied were made with a wide
variety of equipment. Some were made with portable equipment m
which the current was limited to about 30 milhamperes In some instances,
the millamperage was higher but stil mited by a stationary target m
the x-ray tube, a rotating target permits not only the use of more power
but also a shorter exposure and a smaller focal area In other mstances,
plateholders with mproperly fitting screens were used, and 1n still others
the patients had not been accurately posttioned Any of these factors can
impair the quality of the roentgenogram and cause shght vanations from
the true preture,

The most significant feature of the characteristic picture 15 the untform
distnbution of the fine granulation. The size of the nodules varies among
cases, but their farlure to coalesce, and the absence of evidence of calcr-
fication, cavitation, pleural reaction, tuberculosis, or other secondary mn-
fections seem signficant

B m 1942, gic surveys were made of nearly all
employees 1n the Auorescent lamp factories i my vicmity, Surprisingly,
although several thousand chest films have been made, only 2 cases of
the discase have been discovered by this means Other cases have ap-
peared, however, m porsons whose first chest films were considered
nomal - After genologic changes apy d, a group
of several roentgenologists studzed the early films i thesc cases, but were
unable to detect any significant variation from the normal

It is my opinion that the intervals between penodic exammations were
too long, and that 1f we had been able to make mass surveys more fre-
quently, we might have becn able to discover these cases sooner. More
frequent examinations, however, would have entatled an immense amount
of work The use of photofluorography was considered, but the dea was
discarded on the grounds that the shght pulmonary changes in the early
stages of the discase probably would not be revealed by this method.
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proved extremely difficult for many reasons, including the fact that dur-
g the Jatent period the patients are free of symptoms, that the degree
of disability varies, that m most cases we have been unable to obtam
films of comparable quahty, and that in many cases we have not had
complete series of films because the patients were examined in various
hosptals, 1 some cases m various locahities

Obviously, 1t is necessary to detect even earlier changes, if possible,

than those we have been able to recogmze so far. In many cases at least,
ible 1n the stages

the pul y changes are prog , and are 1r
now recogmzable. Basing a theory on information recened on a few
cases of the acute form of the disease (one of which terminated fatally),
we are now considering the possibiity that patents deseloping the
chronic type of diseasc may during the time of exposure have passed
through a stage of congestion, with or without edema, such as is obsers ed
m the acute disease, but with so little disability that the condition 18
regarded by the patients or even by therr physicrans as of no sigmficance
Increased linear markings have been suggested as possibly the earliest
roentgenologic signs of the disease. Such markings, however, are 2 ques-
tionable basis for an early diagnosis or even for susprcion of the disease,
for opiion varies widely on what constitutes a change from normal to
pathologic pr If earher of the same patient
are available, the lnear markings may have diagnostic value and be
accepted as representing stage 1. The fine, diffuse granular pattern will
then indicate not stage 1 but stage 2 The diffuse reticular pattern on1 a
granular background will indicate stage 8, and distmnct, discrete nodula-
tion, stage 4. We might add a fifth stage to our |
which cor pulmonale 1s observed, even though the general roentgen!
pattern does not change appreciably.
Throughout the later stages, alth
roentgenclogic feature, the granular “sand storm” background s o
persist Emphysema probably always occurs, at Jeast 1n small areas, tho anf
1t 15 less evident m some cases than in others. Upward displacement !
the short interlobar fissure on the nght, which Dr. Sosman and 1 observe!
in 1046 1 a smgle case and which I have since seen tn several cases:
b

in the lung bases.
£ 1n all cases to be

n cases associated

Jassification for cases I
ologic

t
ough nodulation 15 the dommnan
cems 10

P d some empt
The roentgenologic pattern scems sufficiently simmla
regarded as possibly diagnostic. The pattern seen §
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with the fluorescent lamp industry 1 repeated m the soentgenagrams of
employees of other industrtes, but with some vanations, which probably
can be evplained on the basis of differences m the degsee of exposure
or in the types of berylhum compounds used n the different mdustres.

Many shght vanations can be explamed on the basis of technical
Jallures, The technical aspects of genography must always be con-
sulered when Blms are compared for fine detarl, as is necessary with this
disease Unfortunately, the films I have studied were made with a wade
variety of equipment Some were made with portable equipment in
which the current was limited to about 30 milliampeses In some instances,
the mullumperage was higher but stll hanted by a stationary target in
the v-ray tube, a rotating target permts not only the use of more power
but also a shorter evposure and a smaller focal area In other mstances,
plareholders with Improperly fithng sereens were used, and in st} others
the patients had not been accurately positioned Any of these factors can
mpair the quality of the roentgenogram and cause shght varations from
the true picture,

The most feature of the ch istic prcture is the umform
distribution of the fine granulation The size of the nodules varies among
cases, but therr farlure to coalesce, and the absence of evidence of calcr-
feation, cavitation, pleural reaction, tuberculosss, or other sccondary w-
fections seem sigmficant,

Begmng 1n 1942, genol surveys were made of nearly all
employees m the fluarescent lamp factories i my vieinty Surprismgly,
although several thousand chest films have been made, only 2 cases of
the disease have been discovered by this means Other cases have ap-
peared, however, m persons whose Srst chest flms were consdered
normal. After recognizabl logic changes appeared, a group
of several roentgenologusts studied the early films in these cases, but were
unable to detect any significant vanation from the normat

1t is my opamon that the intervals between penodic examinations wese
t0o long, and that if we had been able to make mass suneys more fre-
quently, we mght have been able to discover these cases sooner More
frequent exanmnations, however, would have entaded an immense amount
of work. The use of photoftuorography was dered, but the 1dea was
discarded on the grounds that the shight pulmonary changes i the early
stages of the disease probably would not be revealed by this method
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Most of the patients gave hustores of precipitating factors such as
pregnancy or resp y wfection. Nearly all showed a decrease 1n vital
capacity when the disease was well established. It may be that vital
eapatity 15 reduced i the Jatent period without the patient’s becoming
aware of any change, until the action of a precipitating factor produces
severe symptoms Obviously, in the study of this disease the latent period
must not be neglected

The extent of the pulmonary mvolvement varies somewhat in different
cases In some roentgenograms the granulation is more prominent or the
nodular shadows are smaller and closer together than m other cases
Uniform dsstribution throughout both Jungs is constant, however. The
degree of disability m relation to the roentgenologic preture varies,

In roentgenologic differential diagnosts of diseases of the chest several

points should be considered.

1 The density and contours of the shadows. In this conuection one
must keep m mind the fact that a roentgenogram is merely a shadow
picture. Obvtously, diseases which produce similar reactions in the langs
will cause simlar shadows 1 the roentgenogram,

2, The loeation or distribution of the shadows. This poiat often is the
key to differentral diagnosis In some diseases the shadows characteristi-
cally appear 1n the bases of the lungs, whereas 1n other diseases they ase
seen in the apeves, s still athers, o the middle of the fung fields. In some
they appear 1 one or more lobes, and w1 certam diseases are distributed
throughout the lung fields

8 The presence or absence of pleural mvolvement.

4, Possible enlargesment of the ymph nodes

5 Possible imncreases 1 the prommence of the vascular markings.

6. Possible changes m the bony thorax.

7, Possible changes 15 the size, shape, or position of the mediastinal
contents and draphragm

Roentgenologre diagnosis is Tike clmical diagnosis in t?mt the melho‘d
often is inadequate, Although Sart studies often a sound basis

for Qiagnosis, dufferent dise e closely - 1tgenograms

in many cases. In such case! ) genologis e use of all

available clinteal and labora wt even find ding-
is impossib 9

nass i omat .t

“Ta discriml pu .
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preumonitis, from certan other diseases of the lungs may be extremely
difficult without serial 7 , a complete lustory meluding the
occupational history, and clircal and laboratory data The chimcal and
laboratory data usually serve to climmnate the followmg acute discases
from consideration, but serial filins often are necessary

Posomng Through Inhalotion of Touc Gases  To distinguish such
conditions roentgenologically from the acute form of chemrcal preu-

monitts is almost impossible, for the pul v changrs produced are
closely simular and the Xeray pattern therefore 1s essentrally the same It
is not dufficult, however, to distinguish gas p 2, which 1s ch

ized by putmonary edema and consohdation, from the chronte form of
chemucal preumomitis, wath 1ts particulate lesions.

Heart Fatlure: 1n this condiion the distnbuhion of the shadows s
significant They are seen mostly around the lula and 1n the bases of the
lungs, with broad, soft linear markings radrating from the enlarged hila
The heast shadow may be enlarged and may have an abnormal contour
There 15 Itkely to be evidence of plenral effusion,

Nephritis As in gas poisoning and heart farfure, the pulmonary lesion
m th disease is essentially edematous, and 15 usvally unevenly dis-
trbuted Urinalysis is helpful m establishing a diagnosis

Acute Coronary Disease. Agan the pulmonary changes are sumtar
to those obsenved in the diseases previously mentioned, and uswally are
wnevenly distbuted, The cluucal hustory plus an electrocardiogram
should lease no doubt as to the presesnce or absence of this disease

Acute Lupus Tt rught be duficult to distmgunh cases of this disease
from some of the cases described by Dr VanOrdstrand,* but as the dis-
tnbution of any pulmonary lesions 15 patchy, acute Tupus is not easily
confused with the usual chrome form of pulmonary granulomatosis

Periartentis Nodosa  The lesions in Bus disease tend to concentrate
1 the nuddle of the Jung Belds 1 a more ot less defimte butterfly pattern,
but may be unes enly distrnibuted.

Vieus Piessmonsa  In ats cleanng stage this disease 1s the most diffieult
of all to & from chrome ¢b 1 pne for at that time
diffuse and fairly umform fine nodules may be abserved The linear mark-
ings, however, are mare promment than in the latter disease In the early
stages of virus preumoma the distribution of the lesions 15 patehy

*Sce Chapter 8 (Ed )
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Erythema Nodosum  In at Jeast one case it has been duficult to dis-
tingussh chrome pulmonary granulomatosis from erythema nodosum,
which m that case was roled ont only by means of a series of films
Erythema nodosum 15 an acute disease but with a tendency to be a pro-
longed one.

Parasitosis Incolving the Lungs. Parasites usnally cause patchy con-
sohidation which 1s unevenly distnbuted. The one esception is dscaris
lumbricoudes, this type of ascariasis may be quite diffuse,

I my evperience it is much more dhficult to dilferentiate chronic pul-
monary granulomatosss from the following chronic diseases of the lung
than from acute conditions

Pulmonary Sarcodosis.  In some of the early cases of our Massachu.
setts senies the disease was origmally diagnosed both fogicalf
and chnically as Boeck's sarcord and in one or two cases this dugnosis

was confirmed at autopsy \Whether in these cases the pathologic condj-
o109 pal N or
P

tion was sarcaid which closely
whether it was a sarcoid-like reaction in the hung from exposure to
besylhum cannot, of course, be proved at this time. Undoubtedly, cases

of sarcoid evist m which the roentgenolagic picture is so closely stmar
I {s that di is is duf-

to that seen m chrone p Y g
cult or impossible Usually, howexer, pulmonary sarcoidosis is character-
1zed by early mvolvement of the lymph nodes, and in my evperience the
Linear markings of the lung are mereased. The distribution of the nodules
varies, in many cases they are not uniformly istributed through had;
lungs The presence of sarcosd lesions m the shin or other organs woul
be helpful m diagnosis In a sertes of films, indications of remmssion 'nt
recovery would be lummating, as botlt have beea known o occur ip
sarcoid,

Tubereulosis  Both acute miliary tuberculosis and the chro i
togenous type spread from abdommnal or meduastinal lymph l.ll)dt‘i r:;‘"
be difficult to diagnose, especially if the reacton to taberculn is pegl 'c :
and the presence of tubercle bacill cannot be demoustrated. Most €asts,
however, show a less nmform distribution of the pulmouary lesions ﬂmz
is seen 10 chronic granulomatosis. Evidence of pleural \'xm;lu:mt'n)fd ﬂ';e
the p of tub Tous lesions elsewh m the body wou

d the
definite differential points. The record of temperature changes an

nic hema-
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feukoeyte count might help toward diagnosis. as would a history of
exposure to beryllium,

Silicosis. In some stages of sificosis or n some eascs, accurate diag-
nosis is dufficult or fmpossible The usual distnbution of the silicotie
nodules differs from that of the nodules seen i chronse granulomatosis.
Moreover, the silicotic nodules tend to coalesce. Plettral involvement and
empkysema at the bases of the fungs are Ikely ta accur m silicosts Sus-
cephibility to tuberculosts 1s greatly mereased, whereas m the disease we
are studying, ut seems to be slight or possibly even nonexistent

Mihary Carciniomatosis of the Lung  There are two recognzed types
of mibary carcinomatoss of the lung In the retrograde hmphogenous
type the nodules are somewbat larger than those formed m chrome pul-
monary granulomatosis, They vary in size and therr distribution is wregu-
Yar, The plewra frequently 15 imolved. The hematogenous type of car-
anomatosis 1 the lungs may be difficult to distinguish from the discase
with which we are concerned, but only in wnvsual cases

Siderosis In the siderosts usually seen w muteal disease, the prl-
monary leswns may closely resemble those of chrome pulmonary granu-
Jomatosis, but usually thew distrtbution 1s uneven This conditsan 15 more
or Tess bemgn The chnical history and the configuration of the heart
should establish the diagnosis The siderosts oeeutmnng 1n won miners also
1 henign, and here, too, the distribution of the lesions 15 different

Fungus Infections The fungus mfections most commonly tound in
the Jungs are moniliasis, aspergillosts, b and coccdiond
in pu]monnry monthasis, which many observers consider a secondary
mfection, the lesions mns! cases form large patches. As compared with
chronic pul pergdlosts shows Jess diffuse dis-
mbunan in the lunns‘ moreover, the lesions tend ta calaify, In husto-
Plasmosis the Iesmns are relatvely large and are unevenly distnbuted

In cocerdinidasis the fungus shows some predilection for the bases of

the Yangs, and the lesions occur m patches,

Diffuse Malignant Lymphoma or Hodghu's Disease This disease 1s
faredy mamfested m the langs and nearly alwavs 1s characterized by
£landular enlargement,

Bemgn Pncumocomascs It 15 possible that at least n some stages,
these condunans may produce a roentgenologic pattern sunlar to that
of chrome ptilmonary granulomatosts, but in most cases the nodules ap-
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pear to be somewhat larger, softer, and more discrete. Their distribution
varies. The disability is relatively shght. It must be borne in mind, how-
ever, that 1n some cases of the disease with which we are concerned there
seems to be very little disability n spite of marked mvoh ement of both

lungs
So-Called Chronic Pncumoma This disease usually differs from
chronic pul y granul is both in the ch of the lesions

and in therr distnibution.

Summary
Chrome pulmonary granulomatosis. or chronte chemical pneumonitis,
seems to d a ct 15t1C logic pattem, with diffuse,

I
fine, sandy granulation and nodulation Nevertheless, accurate duagnos:s

requires not only roentgenologic exammnation but also a detailed hnstory,
meluding the occupational history Serial flms and study of all available
clmical data may be necessary before a positive diagnosis ean be made,
and even with these precautions, some errors and failures must be

expected.

Discussion
AGRIPPA G. ROBERT, MD °

Dr. Wilson’s presentation has been most complete. For the purpose of

emphasis, however, and in the hope of stimulating further chscusston, [
should like to mention several pomts

1. The fact should be emphasized that with the possible exception of
the fine granulation, the roentgenologie pattern by itself does not presen;
a picture sufficrently charactenistic to warrant an unequivocal diagnos:s 0
delayed chemical pneumomitis In all cases the roentgenologic ﬁndmgz
must be subjected to cntical correlation with the symptoms, the physica

: rther

and laboratory findings, and the occupational history. Morcover, ::l o
efforts must be made to determne what constitutes an adequate his f)
m of diagnosis

of exposure Once such an outline 1s established, the proble
will be simplified, At present we must take care that roentgenologic

. de us
ings compatible with delayed chemical pneumonitis do not persua
York

find-

dation, Saranac Lake, New

© Head, Dey of Radwlogy, Trudeau F
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to make mustahen diagnoses m cases of persons suffering from other dis-
cases Perhaps this has happened with the occastonal mdividuals who
present few or no symptoms, but whose roentgenograms suggest delay ed
chemical pneumonitis and who have worked i surroundings presumably
productne of the disease

Fig 48 A 22.vear-old woman wath Iistory of exposure to Ruorescent
powder The chest roentgenogram exlubits bilateral reticulation, fine
nadulation, and prommence of the bilar shadows

Two cases will allustrate this pownt Both patients worked i the same
plant and both handled the same fluorescent powder One patient 1s 2
22year-old worman who had no symptams, but whose chest roentgeno-
gram showed bilateral reticulation, fine nodulation, and defimte prom:-
nence of the lular shadows (fg 48)

The other 15 a 87year-old man who complamed of severe dyspnea,
cough, fatigue, and loss of weight, and who was found to have secondary
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polycythemna, some condition iterfering with proper blood oxygenation,
and a derably d d tol of exercise. Except for the estent
of molvement and for the more defimite noddation in the second case
(fig 49), the roentgenograms of both of these two individuals are
quite similar Perhaps in both cases they reflect the changes occurting

of exposure to Ruorescent

3 37-yeac-old male with istory
Tre, 49 A a7 v . Js a H.defined nodular pattern

powder The genog; reveals
throughout both lungs.

that T am jusufied
an, 1 wonder
disease such

m delayed chemieal preumonttis 1 think, howeser,
m questoning the diagnoss 1n the case of the young wom
whether she may not be suffering from some less amunous
as simple sarcoid.

Pechaps the impostant difference between these tw
the extent of the mvolvement, That passthility is a proper qu

0 cases 15 Smpl
estion for
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discussion, for we know that m certam other diseases, particularly sili-
cosis, the roentgenogram cannot be used as a measure of disability

2, I question whether we are justified i classifymg the disease accord-
mg to stages. Perhaps 1t manifests itself i a given mdividual m one of
several forms, and 1f 50, division 1nto types, granular, retieular, and nodu-

Fio 50 A male, 29 years of age, with occupational history of brief
exposure to Buorescent powder The chest roentgenogram reveals a bi-
lateral, fine, sandpaper-Lke granulation

far, would be logical It may be sigmficant that in most cases we arc
unable to demonstrate a definite evolution from one form to another, that

there 15 no clear-cut gamut of stages through which every patient must
pass
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3. The follawing poses another question: is there in some cases a pre-
hmmary and perhaps transitory stage precedg what we ordmanly con-
sider the onset of defayed chemcal preumonitis® This man, aged 29, w
Notember and December of 1042 manually sifted fuoreseent powder,
and 1w December became ill with dyspne, cough, anorexia, and fever,

( v {(’, R

G, A

i

Fig 51 The same ease (fig 50), 10 months later. There is now almry::
complete clearing of the lung shadows and the roentgenclogic metsse
cansidered as falbng within the limits of normalcy.

In January 1943 a roentgenogram of Ins chest showed a bﬂntemlé‘f‘l‘“ﬂ,
sandpaperhke granulation or stipplmg (8g. 50). His symptoms g;a “:mz
subsided, permitting him to return to work m the same plant, 15! -
as an outside man Xeray ination showed that his [m::c
were cleanng and by November 1943, 10 months Jater, thlj rocntgcnfn ‘:139 .
picture could be considered as falling within the hmits of normalcy
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development of symptoms, Is 1t not possible that in other cases frequent
serial roentgenograms taken before the onset of symptoms might have
disclosed a similar and perhaps prelminary phase of the disease? If so,
would complete remosal of the patients from exposure have prevented
the subsequent development of disability? Or is disability the inevitable

months after fig 50
cence of the shadows
in the mid-lung fields can be seen, mdicatrve of the progression of the
disease

Fic 53. The same case (Bgs 50, 51, 52) taken 45
By compartson with the previous films, greater coalest

outcome, once the foundation for the disease has been Jaid? ’{he aus“:;’
1s probably available through frequent roentgenalogic emmmahnnsnts
all exposed personnel, and through careful follow-up studies of patie

¢ ms have
who appear to recover I have i mnd 2 man whose sympto: "
have shown clearing Such paten

bsided
and whose g
re f1 TITeNce
should be followed up in order to detect indications of possible rec
or progress of the discase 1n the absence of continued exposure,
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some of the advanced cases one could easily make a diagnosis of Graves'
disease.
or. sanpy:  In each case Graves’ disease was observed during the onset
period. The dagnoses of Graves' discase were made before ehronic
chemical pncumomtis was generally recognized in Massachusetts The
basis for the diagnoses was tremendous loss of weight, basal metabohe
sates in the range between +40 and +-56, and enlargement of the thyroid
gland. The X-ray studies were made in the thought that the patients
might have pulmonary tuberculosis also. Then their occupational stories
were conmdered It was an unusua) onset. Possibly thyrotovicosis acted
as a preciptating cause of the occupational nlness.
pr rixastovy I should Iike to ask about the procedures followed in
other plants. At the Clmton Nationa] Laboratory we are rank neweom:
m the field We are employing what we hope are thorough procedures
for the early detection of the disease, but I should be glad to know what
others are domg along that hwe.
on. wisoN I can make one comment on that. At the Sylvania Electric
Company's plants pre-employment chest films are made of all new em-
ployees before they go to work If we find any marked variation From the
normal that person 1s not employed Whother a person with a damaged
lung 15 more susceptible than others to this disease is problematical, of
course

All employees m one plant have been examined once a year The ex
ammation 15 not made obhgatory, but most of the employees are so
mterested 1 the dssease that we don’t have much difficulty in getting
them m once a year We would not have difficulty in gettng 2 ].u:gc
percentage of them 1 even oftener, if we had the facthties to do the job

every two or three months

pr. rivkstoy  That's what we're domg—X-ray examinattons every three
months and other types of check-up every six weeks

pR. wiLsoN  Oune of the first ehnical mamifestations of the disease 15
of weight. We have mformed all the doctors on the staff of the Salem.
Hospital that if any of their patients who are employed in the plant ar®
Josing weight, we want them sent immediately for chest flms We have
been able to detect one or two cases i that way.

loss
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DR RicHARDSON. In answer to Dr. Pikston’s question on routme: in the
powder plant we have developed a routine of chest roentgenograms
every six months and physical exammations once a year, and these exami-
nations are compulsory

The vital capacity and weight are checked once a month Any loss of
weight 15 taken up with the personnel department, which determunes
whether there has been famly difficulty, illness, dieting, or any other
known reason for the change As a matter of routine any employee who
continues to lose weight 15 given a physical exammation even though he
may have had his exammation only a month or two months before. Some-
times these examnations are very revealng

Occasionally 1t takes a little detective work to get the sigmificant facts,
and sometimes the histonies of the people who have lost werght reveal
some rather humorous things For mstance, m the case of one man who
turned out to be negatve for the disease, we found out that his wife
wouldn’t get breakfast for hum, and that therefore he was really having
only two meals a day That situation was promptly corrected, and the
man regamed his 10 pounds—7 pounds within one month and the total
within two months

We have open minds on whether the roentgenalogic signs precede the
physical signs or whether the loss of weight and the reduction 1 vital
capaoty come first We hope sconer or later to have something on that
subject,

MR Morse  I'd Iike to get a word in here from the standpomnt of the
poor layman who 1s trymg to run a factory Certan considerations dis-
courage us about periodic mass X-rays One consideration 1s the cost
A second 1s the ternific disruption m the plant, an X-ray exammation takes
time, and also a certan degree of prnacy, even when you have a machine
m your own bulding A third 15 that 1t looks as though m order to pick
up these cases the peniod between X-ray check-ups would have to be
very short After we had our mass Neray survey and the Elms were mter-
preted as normal, full-blown cases of the disease showed up within a few
months A fourth consideration 1s absenteeism, when people are not there
the designated day we have the problem of follow-up And, finally, there
are all the mechanical difficulties of gettmg a good Xeray machine in the
factory dispensary, we have met with some of the technical difficulties
Dr Wilson has mentioned.
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We have adopted the weight check because it is a more practical
measure for use in the plaut. We are checkmg all our employees every
month for loss of weight. Absenteeism is a problem, it's true, but gener-
ally the same person isn't absent on the designated day for two months
in a row. This procedure means that about once a manth the registered
nurse in our dispensary 1s checking on every employee in the plant.
Besides significant information on loss of weight, we have an additional
safeguard: the fact that a trained medical observer sees each employee
face to face each month and gets an idea of what each employee is hke,
of how he behaves. We beheve that in the friendly atmosphere that
levelops after the employees get 1 to coming into the dispen-
sary and talking to the nurse, our chances of discovering cases is about
as good as 1t would be with 2 routine X-ray evamination once 2 month.
Certamnly the method is more practical, less hazardous to the individual,
and much less costly both in cash outlay and in intesruption of produc-
tion.
bR, rosgRT.  The problem 1s certainly a difficult one I still believe that
there 15 a great deal to be leamed by frequent examunations of various
types, including roentgenography.
pr. wARING I should Ike to ask Dr Hardy about something which
might be an important diagnostic point i distingujshing between Graves’
disease and this new disease, I refer to loss of appetite 1w relation to
loss of weight The thyrotovic patient shows good appetite, but in SP“)e
of that good appetite, loses weight I want to know whether anorexia 150t

a conspicuous symptom of this new disease
pr maroy  Those 2 cases of Graves’ disease antedate my arrival on the
scene, bat the case records suggest that the patients could eat very he:r.rfﬂy
and still lose weight. That fact was one of the bases of the diagnosis of
Graves” disease

Other patients n the sertes have all shown anorexia.
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Intractable cough has been very distressing, Little or no sputum has
been assoctated wath this cough in most instances In the cases in which
cough has been scvere, lymph nodes m the hium have always been
obviously enlarged, when these nodes were not prominent, cough was
not a severe symptom,

The third and most disablimg symptom is dyspnea on evertion We
have made an exhaustive study of this particular problem in our subjects.
Among other things, we have studied each mar’s reaction to increasing
stints of evercise This was done by exercising the subject for six minutes
on a mator-dnven treadmill moving at 35 mules per hour, or at a speed
suitable for the particular subject. After each work period the grade was
ncreased by 2 per cent until a grade was reached at which the subject
could not fimsh the full sin minutes’ walk, 1n other words, a level of
energy expenditure finally was reached that caused physical exhaustion
1n less than six minutes, The ventilation, or volume of air mspired, the
ovygen consumption, and the carbon diovide output per mmute durmg
the last two minutes of each exercise period were measured. The pulse
rate during evercise and recovery was recorded.

Much information can be had at a glance from a graph in which the
ventilation per mmute per 10 kilograms of body werght is the ordmate
and the oxygen consumption per 10 kilograms of body weght is the
abscissa of each level of exercise. Figure 54 shows this ratio for one
sedentary, 38-year-cld, normal male and for the pathologic subjects of
this study.

For the human body to expend physical energy it 1s necessary that the
muscles burn fuel, and this combustion requires that the muscles receive
a continuous supply of oxygen proportional to the rate of energy expendi-
ture The peak rate at which one can consume oxygen is therefore a good

of one’s imal ability for d of physical
energy. Evidence of this fact 15 seen in the great contrast between the
normal sedentary man's aversge peak rate of 3 to 8.5 iters of oxygen per
munute, and the rate of 5.5 to 6 iters per minute attainable by the very
best of middle distance runners, for example, by Don Lash, holder of
the world's record for the 2 mile distance The peak rate of oxygen con-
sumption 15 2 very umportant index of the body economy.

In fig 54 the peak rate attamed by a normal man, whose rate s charac-
tenstic for a group of normal men, is contrasted with the peak rates
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Mr Poritsky, who reports a faint trace of beryllium in the ore. This man’s
condition makes him unique among literally thousands of people who
have been employed m that mine mn the past eight years and whose

chests have been carefully esamined genologically, T call
to him because in nearly every respect he has evactly the same problem
as do the patrents with pul ry granuloma pr bly due to beryl-

linm, and he has the same appearance, yet his known exposure has been
to amounts of beryllium so infinitesimal that if they are significant, we
shall have to conceive of all of us as bemg exposed to beryllium,

Subject 10 1s suspected of the disease under discussion, His exposure
to beryllium was of a degree which apparently is sufficient to cause the
disease, but, as fig. 54 shows, he is well able to perform on the treadmill,
a fact which fits with his relative freedom from symptoms He, thercfore,
must still be considered merely a suspect.

Subject 11 provides an example of active Boeck’s sarcoid with extensive
involvement of the lung parenchyma. His high capacity to consume
oxygen fits with the scant climeal symptoms, In numerous other cases in
which pul Yy P hymal disease was d 1 genologr-
cally, for ple in cases of siderosis, pli  silicosis, and healed
pulmonary tuberculosis, the patients have been shown to retain a high
capacity for ovygen consumption

The most important mformation to be gathered from this set of obser-
vations is that the pathologic subjects could not supply their tissues with
suficient oxygen to permit their gomg on to higher levels of work.

We must now consider those mechamsms the failure of which might
render the body unable to supply sufficient oxygen to the tissues, First,
normal supply of oxygen must be present in the air in the lungs; therefore,
fatlure to ventilate the Jungs properly might result in an inadequate
supply of ovygen available for consumption by the body. Secom'?]y,
ovygen must traverse the alveolar membrane, an obstruction preventing
the passage of sufficrent oxygen through this membrane would mean that
the erythrocytes, the oxygen carriers of the bloed, would be mnadequately

supplied with ovygen

A third type of failure might result from insufficient capacity for trans-
portmg otygen from the lungs to the tissues. that 15, from too few red
blood cells or tao hittle hemoglobin, or from retardation of the blood flow
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through a reduchion 1n the cardrac output or perhaps i the capillary flow
in muscles.

Another possible factor, which might or mlﬂht not be assoctated with
failure of one or more of the af h

is the develop
ment of mtolerable discomfort at low levels of evertion For evample,
pamful arthritss of the hnec or hip might senously hmit the maviowm
level of cxertion, and thus mxg)xt prevent the attamment of a high level
of oxygen Jarly, the develop of mtolerable dyspnea
at low levels of cv(ernon would pre\em the subject from attmning a high
level of oxygen utidization, even 1n the absence of other posstble causes
of such failure

Our subjects mvanably have complamed of becoming short of breath
during exertion To become shart of breath during heavy excreise is nor-
mal, but to do so durtag less wtense effort 1s abnormal, and constitutes
dyspnea, Dyspnea 15 defined also as “the awareness of respiratory dis-
tress™ These men, then, have been alarmed or distressed by becoming
short of breath at levels of exertian which formerly were tolerated with
complete comfort and total oblnviousness of any respiratory effort

Though space does ot pernut consileration of details, some discussion
of the mechanics of dyspnea may belp to clanfy our understanding of
the problem presented by these subjects

The breathing apparatus consists of a mechanical device, which is sim-
ply 2 bellows, and of muscles aperating the bellows under the control of
the ¢entral nervous system. In muscular effort the degree of stress 1s
deternuned by the ratio of load to capacity For example, in weight Iift-
mg the stram on the muscles which perform ths task 15 determined by
the rato of the actual weight hited to the mavimim weight which the
same man can it In the case of the respiratory apparatus, Joad may be
expressed an terms of the ventilation rate, or Liters of air taspired per
mmute, and capacity i terms of the maximum number of hters of air
which the same person can breathe voluntanly n one mmute. Thus we
have a means of measuning dyspnea

Venttlation per minute

Mavmom breathing capacity
\T\l

=Dyspnea index,

=Dl

A normal man hfts a smalf w wght casity, without noticeable stress, but
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when lre lifts a heavy weight he experiences dufficulty and feels a strong
sensation of stress, i the latter instance, impulses from the museles
inform the brain of the need for a great expenditure of encrgy. Simularly,
during slight exertion the respiratory apparatus normally does its work
without ealling attention to itself, but during great evertion gives rise to
strong sensations of stress, when the braimn 1s made aware of the need for
mncreased respiratory cffort Studtes made at the Trudeau Foundation and
elsewhere indicate that the normal person rarely becomes conscious of
using us breathing apparatus until the load becomes 30 per cent or more
of the capacity.

The sensitivity of the cortex of the braui, where stress on the respira-
tory apparatus 15 measured or interpreted, 1s an important factor in the
problem of dyspnea, for the degree of cortical sensitivity determines the
powt at which one beceme aware of respiratory effort Therefore, a
complex relationship must be considered which may be expressed as
VPM/MBC times cortex. Our studies indicate, however, that in the dis-
ease with which we are coucerned, a possible increase m cortieal sensi-
tivity may be excluded as a major factor m causing the dyspnea As shown
m fig. 54, the affected men without exception were able to force them-
selves to attan a high dyspuea index Moreover, none complamed of
shortness of breath until this index had reached a value of 03 or more

Figure 54 shows that 4 of the 6 men with this disease had suffictent
breathing capacity to reach as high a ventilation rate, m terms of venttla-
tion per minute per 10 kilograms of body weight, as did the normal man.
Moreover, as has been mentioned, during maumum work each of the 6
attained a ventilation rate resulting i a high dyspnea index. We can
conclude, therefore, that 4 were able to call on a normal amount of breath-
mg power during exercise, and also that all were able to drive themselves
to use a normal maxzmum proportion of therr breathing capacity

The most striking fact is that these men attained high dyspnea ndexes
at such Jow levels of work. Our data strongly suggest that the subjects
were unable ta reach high levels of wark output and ovygen consumption
primanly because of the intolerable dyspnea which developed at low
levels of work Tlus theory 1s supported by the observation that 1n most
normal men, muscle fadure limits the steepness of the grade on which 2
subject can complete a stmt on the treadmull, whereas i the berylum
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ption, bence a p of ventilation equivalents should be
vald Compared to the value of 27 found m the case of the normal man,
the ventilation equnalent was distinctly lugh m every other case, and in
some cases reached extraordinary magntude It should be noted that at
the Jevels of evertion recorded n table XVII, each pathologic subject
suffered severe dyspnea, evidenced by the dyspaea mdex (VPM/MBC)
as well as chimeally One must conclude that i this disease, overbreath-
g defimitely occurs duning exertion This abnormality clearly explamns
the severe dyspnea
If, n addition to overbreathmg, the patient suffers also a foss of breath-
mg reserve, the dyspnea is seriously mcreased, This unfortunate de-
velopment 15 clearly illustrated by the case of McK, whose ventilation
equivalent remained essentially constant over a 21-month period, but
whose mavimum rate of oxygen consumption dropped sharply because
of the decrease m breathing capacity

Tabre XVH]  ARYERIAL BI 00D OXVCEN (IN VOLLMES PER CENT)

During Rest During Leercese
Subject Ovygen Pervent of Ovygen Pacent of
— ——— Hevwglobtn — Hemogloben
Content  Capacicy  Satararwn  Contenr Capeciy  Sarwration
McK 199 236 84 171 246 70
(o 03 277 » 193 293 6
Jo 139 13 86 133 165 80
Za 190 234 81
Al 193 182 82 204 250 85
Ba 67 195 92 185 99 9
Ma 166 85

Some data bearing ou the causes of this overbreatling are shown n
tables XV, XVI1, and XIX. Five of the 7 pathologic subjects when at
rest have discernible cyanosts of the nailbeds, car lobes, and nose, and
during exercise tlus cyanosis becomes strilingly exaggerated Table XVIT
shows the decrease m the ventilation rate duning evererse when the sub-
Ject breathes pure ovy gen (open arent) mstead of room air The magi-
tudde of the drop 15 cleatly greater i the pathologie cases than i that of
the pormat man These dats suggest that the overbreatinng 15 duc, at
least m part, to by povia, but they do not mdicate the stte of the hypovs
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Table XVIU gwes the percentage of oxyhemoglobin in the arterial
blood at rest and during exercise. The value during exercise was obtamed
by means of an mdwelling needle, With one exception, Ba, the subjects
showed a clear deficiency of ovygen m the arterial blood, and in 2 cases
tlus deficiency became hiingly more severe during exercise, The
fact that Ba showed such a mmor degree of hemoglobin unsaturation,
but did overbreathe, and also breathed less when respiring pure oxygen,
ndicates that the overbreathing 1s only partly explainable on the basis
of hyponia.

Tasrt XIX 615 PRESSURES® ON EITHER SIDE QF ALVEGLAR MEMBRANE
(Epressed in mllsmeters of mercury)

during a known rate of oxygen uttlizatton and per cent of artersal
hemoglobin saturation

At sesr Dursng exersase

Co MK Ce ALK
CO; 1n areer1al blood 28 50 33 st
O: 10 artersal blood 43 60 43 43
O, 10 alveolar air> 108 83 103 80
O gradsent 63 3 ) bS]
O; 10 alveolar are 108 76 )0?3
€O, 1 alveolar airt 28 49 31
Oy consumpron m L /029 066
Q, consumptron n L /min 029 028 094
O, saturation of hemoglobin 735 845 6655 %

wla of Rile al
* Caleulsted avcordiog 1o che formula of Ruley and L"nwn e et ey _ a0y
Calculared slveolar POt = Teackes! ,o.( e

1 Decermined b¥ the Haldane methad
$ Determuned P the Headerson methid from eermias eapured 8¢

% ofNa n mspred .

The dynamucs of gas transfer through the gas-blf’od inker{ac? of lh;
lung 15 llustrated in table XIX. As shown n table XVII one sul:]ect ha
a greater than normal maxtmum breathmg capacity, 2 518 n du;n:ln-
1shed total lung volume, and a normal proportion of remidual air. In a dl-
tion, cur studies of lung ventilahon eficiency (data not presented)
showed normally effecttve ventilation in this case There was §0 18500
to expect low proportion of oxygen in the alveolar ai, and ! .
amount of oxygen in the alveolar air was found by both the Riley an

e no) vertheless,
€ d the Haldane method to be normal. Neve!
Lahenthal method aud th & ”

deed, the

the proportion of ovygen in the arterial blood w:
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was identical with that of a normal man evercising at a high altitude. As
the disease progresses, Jung tissue may be destroyed, with a consequent
loss of lung volume, and emphysema may develop These complications
further enipple the lung by reducing the breathing reserve and by eaus-
mg mefficient ventilation of the alveoli. Our data suggest that the dyspnea
on exertion at first 15 due to an abnormal increase in the numerator of
the fraction VMP/MBC, but that late m the disease a sendus reduction
in the denominator creases the severity of this complaint

The abnormal alteration of respiratory action seen in the cases studied
15 certamly unusual, at least 1 the degree of its severity, for the forms
of industrial fibrosis studied so far at the Trudeaw Foundation. The fact
that sumilar abnormalities have been observed in at Jeast 1 case in which
the patient had not been exposed to beryllium makes one hesitant to
accept the theory that this element or a compound of it is the sole or
perhaps even the primary cause of the disease 1 question.

Discussion

DAVID B DILL, PHD °

Dr Wnght's data remind me of the adaptation of the human organism
to scarcity of oxygen at high altitudes. Studies made in the Andes re-
vealed one end result, polycythemia. The mdustrial disease under dis-
cussion also procuces polycythemia, but 1t does s0 1n an entirely different
manner

At high altitude there 1s 2 deficiency of oxygen on the outside of the
alveolar membrane The transfer of oxygen through that membrane to
the blood 1s efficient, but until one becomes acchmatized, the short
supply results w a deficiency of oxygen m the bload, and a consequent
reduction in the capacity for work This deficiency befare acclimatiza-
tion 1s evidenced by dyspnea, felt especrally during evercise, but occur-
ring even during rest. When one is exposed to this condition for many
weehs or months, an mcrease m hemoglobin occurs. The most remark-
able subjects studied m the Andes were a group of sulfur miners who
Ined at an altitude of 17,500 fect and climbed about 1500 feet higher
cach morning to their work These men showed marked polycythemsa,

© Sesentific Disector, Medical Duvision, Army Chemical Center, Maryland
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with the amount of hemoglobin from 50 to 70 per cent above normal
Yet, even so, these men appeared to be i good health, and had good
arrculatory efficiency

In the cases which Dr. Wright has studied, the cause of polycythemia
obviously 15 increased resistance an the alveolar membrane to the trans-
fer of oxygen from the alseol to the blood Hence the ovygen saturation
of the blood is very much reduced and the response 1s an mcrease n
pulmonary ventilation, an attempt to surmount the difficulty

It 15 significant that when one of Dr Wnght's subjects was supphed
pure oxygen to breathe, the pulmonary ventilation was greatly reduced
Ths fact demonstrates quite clearly that the deficiency occurs i the
transfer of oxygen n, and not m the transfer of carbon dioude out The
subject was able to dispose of all the carbon diouide produced, despite a
ventilation of one-half or one-third that observed when he was breathmg
ordinary air. The dyspnea or the air hunger, therefore, was caused by a
lack of oxygen and not by an accumulation of carbon diouide

Dr Wnght's paper stnhes me as a remarkably comvincing demonstra-
tion of the importance of a jomt attack on a complicated problem such
as this, with many disciphnes contributing to the effort, the promise of
a solution 1s greatly mercased In tlns sympostum we are to sce the
evidence brought forth by pathologists Dr Wnght has made a brilhant
application of the science of physiology The importance of nutritional
studies has been pomted out Undoubtedly, the ph i/ and
Physiochemists have much to contribute to the study of this disease

Dr Wnght's work demonstrates the importance of studying the ergan-
1sm under a load, In the study of a duease of this type, obviously much

wformation is ganed by determining to what extent respatory func-
tion 15 handicapped durmg the performince of a measured tash

Further Discussion
DR SUELESNYAK:  Dr Wrnght, I'd ke to inquire whether sou have any
evidence mdicating that the obstruction mterfurng with  diffusion
through the aheolar membrane 1s possibly enzymatic m nature
oR wrient 1 have no such evidence

o our: 1 should thmk it improbable that the obstruction 1s enzymatic



CHAPTER 11

Pathologic Aspects

ARTHUR J VORWALD, »D.*

A discussion of the pathologic manifestations seen 1n certain beryllium
worhers might best be wmtroduced by a bref review of some aspects of
pneumoconiosis which seem fundamental for a clear msight mto the
problem confronting us

Preumocomiosis 1s a generic term having reference to the pulmonary
deposition of dust mhaled into the lungs The term has no wmplication
concerning the pulmonary reaction to that dust To indicate the type of
dust, specific terms, such as anthracosis, siderosis, ashestosis, and silicosis,
are employed They not only refer to the type of dust but also connote
characteristic pathologic reactions i the lungs The reaction differs
according to (a) the localization of the particular type of particles, such
localization bemg effected through the actity of the phagoeytes, (b) the
degree of impairment of the lymphatic system, and (c) the ability of the
particular kind of particles to instigate proliferation in the connective
tissue Consequently, the pulmonary reaction to dust may be dided into
a number of general phases.

1 Early phagocytosis of the dust particles by macrophages

2 Migration of dust-laden macrophages mto the alveolar walls of
the lungs

3 Dramage of the dustladen macrophages into the pervascular
lvmphatic vessels and the tracheobronchial lymph nodes.

4 A mild tissue reaction, consisting of the appearance of phagocytes
and of a few inflammatory cells m the air spaces and the septal
walls.

® Durector, The Saranac Laboratory and The Trudeau Foundation, Saranac Lake,

New York
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T ese tissne changes are to be contrasted with those found in the
ey and m the tracheobronehial lymph nodes of worhers with an
g ational hstory of exposure to heryllium  Succeeding paragraphs
suize our observations made at the Trudeau Foundation 1 the
nof postmortem material submitted to us in such cases

T alal. L -
Fic 56 High-power photomicrograph showmg alveolar
loaded with pigment The appearance of such phagocytes is the
action to wmhaled dust, whether or not the dust 15 towc
phagocytes tend to cleanse the lungs by carrying the dust 1to
g bronchioles, whence 1t is expelled, or mto the aleola
lymphatic system

phagoeytes
e first 16
The moble
the draift-
£ walls and the

cart-

The pulmonary discase peculiar to berylum workers has beent var
ously labeled as ch, 1 is, bronchiohtis, metal fume fere®
L hoal is, chemical p ia, atypical pneumonitis, dely®
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Fic 58 Scetion of tracheobroncfual lymph node

Fic 57  Accumulations of dust-
faden phagocytes i the periascu-
Lar lymphatic trunks. The dust par-
ticles are massed about the vaseular
channels, not dispersed as they are
in fiy 59, which shows the reaction
to a biologically active dust,

.
.-

'l
with accumulated,

black particulate dust withn phageeytes, but without sigmificant nflam-
mation A small ashind of unimohed hmp\\md tissue 15 recagnizable at

the tap of the preture m the center

Fis 59 Eardy pemascular roac
hon to mixed  dust contuming
quutz The thek dast particles
it s acrapheege vt dapeccd
locally about the cntral vaslar
truk by reason of the foual mltra
on of mflamimtors edls and the
deposition of collizen {compare
with fig. 57}
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These tissue changes are to be contrasted with those found m the
lungs and in the tracheobronchial lymph nodes of workers with an
occupational history of exposure to beryllium, Succeeding paragraphs

summarize our obsersations made at the Trudem Foundation w the
study of postmortem material submitted to us in such cases

»y
Is
4 A iy o
I R TV T
Fic 56. High-power photomicrograph sho\nng"ﬂ ‘::s " e e
loaded with prgment. The appearance of such pmv‘?}mdc The moble
action to inhaled dust, whether or not the dus!h el o the S
phagocytes tend to cleanse the lungs by carrying t ol olls and the
g broncluoles, whenee it is expelled, or mto the alv
Iymphatic system

as been v&©

g orkers b
The pulmonary ‘dise?s¢:‘ pecuhar ‘3. bL-‘:)]hu:r? :h ol fame gi‘:;
?usly‘lab‘eled‘ as emct ‘1 . a:ypical Pngumm\ms, delay
tis, P




Fic 62 A cluster of mature sih-
cotic nodules, conssing of con-
centrically whorled, hyalunzed fi-
Brows tissue, mn & tricheobroncliad
fymph node The nodules are the
result of local concentrations of
quartz particles drained from the
lung

‘

Fic 63

A 3T ear-okd man who lied worked for ycars as 4 stoneentter
This picture shaws the cractenstic roentgenologic paittem of simple
silicasis - diserete nodular lesions, whidh do not exeeed 6 mm- 1 diameter,
are seen scattered wmformly thranghout the lungs

AP Fic 61 Earh pucumonic proc
ess 10 the geate form of the dise e
obscrved m benlimm workers The
process consits of  hemorrhage,
Bbnmton, cduma and the exuda.
ton of lrge mononuclear celly
and hmplicates  Palymorphonu-
clear Tenkoertes rasddy are present
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chemical pneumonitis, berylhosis, beryllum sarcoid, and pulmonary gran-
1 with confusion, Many of these terms fail to dif-

q
ferentiate the condition from other well-defined pulmonary diseases, and

nnplicate an unproved etiologic agent. Too few of these labels are based
upen the pathologie changes in the lung.

Fic 60 Later pulmonary reaction to quartz parlicles in mived dust

The lestons are discrete and nodular, and consist mamly of large mono-
nuclear cells, hustiocytes, and proliferated connective tissue At this stige,
hyalmization s less promment than that caused by pure quartz.

Fic 61. Mature pulmonary Teston
due to inhaled quartz Ths 18 the
typreal lesion of simple sthcosis It
Consists of an isolated, well-defined
nodule of concentrically whorled.
hyahnized fibrous tissuc
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196 Pneumoconiosis

It 1s evident from studies previously reported and from contnbutions
to this symposwm that this disease may be classified in two distinct
forms, the acute and the chronic. Whether one form precludes the other,
or whether a relationship essts between the two types, is still debatable.

In the acute form of the disease the pulmonary changes mn essence are

Fic, 63, Latc pneumonic process
in the acute form of the discase. In
additton to the general edema,
fibrination, and cellular evudation,
an appreciable proliferation of hus-
trocytes occurs which thickens the
alveolar walls, Often the histiocytes
tend to form small focal aggregates
not unlike those aceurring in the
chronic form of the discase, Occa-
sional gjant cells alsa are obscred

Fic 66 A 59-year-old white male with the chronic form of the disease
The patient’s only exposire to berylhum occurred duning a brief penod
of experimental work. Both Iungs show a general fine stippling or granu-
lation, with a tendency to_cencentration and coalescence, The hlar
shadows are slightly elevated, especiatly on the left side.
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198 Pneumocaniosis
It is evident from studies previously reported and from contributions
to this symposium that this disease may be classified 1 two distinct
forms, the acute and the chronic. Whether one form precludes the other,
or whether a relationship exists between the two types, is still debatable
In the acute form of the discase the pulmonary changes in essence are

FIG. 65 Late pneumonic process
in the acute form of the disease. In
addition to the general edema,
fibrination, and cellular exudation,
an appreciable proliferation of hus-
tiocytes oceurs which thickens the
alveolar walls, Often the histrocytes
tend to form small focal aggregates
not unlike those occurnng in the
chronic form of the disease. Occa-
sional giant cells also are observed

Fic 66 A 59-year-old white male with the chronic form of l::rzfd;f:i
The patient’s only exposure to berylhum oceurred dunng T or granu-
of expenimental work, Both lungs show a general fine stppling The hilar
lation, with a tendency to concentration snd cﬂ-ﬂgs“““‘

shadows are shghtly elevated, especrally on the left side.
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202 Preumoconiosis
one of the early cases For control, the lungs of a healthy man, A5, who
had had no evposure to ndustrial dlust, were analyzed simxhr’lv. )

At the time these analyses were made, reliable methods for determine
g very small amounts of beryllium by chemical methods were not

g
Fie 68  Crass section of the right Jung m the same case dHlustrated in
figs 66 and 67 The general thickening of the al eolar walls, and the dis-
torhion and vbhteration of the air spaces winch are characterstic of the
chronie disease may be observed The tracheobronchial lymph nodes are

enlarged.
available. Although beryllium oxude was reported as “none found” by
chemical methods, the spectrographuc analyses disclosed some berylhum
m the lung tssue of all of the subjects who had been exposed. No
beryllium was tound in the lungs of the control, A-52.

The values m table XXII are iterpretations of the wteasity of the

lines recorded in the spectragrams. These are arbitrary values, represent-
of the ts of the different elements;

ng only app
they cannot be canverted mte micragrams per gram of tissue Research is

now in progress in our laboratory on methods for determiming quantita-
tively the minute amounts of berylhum in biologic materials, and st is
3 both ct 1 and spectrographi

antiapated that reliable p

will soon be developed
In this table it 15 interesting to note that the highest values for beryl-

Trum were found ia cases 287, 322, 838, and 361, all from the fluorescent
lamp industry The next hughest value was found in case 358, that of &
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Tavie XX €HEMICAL ANALYSES OF LUNG ASH®

NF

P35 - - -
P-361 NP Tr NF 109
P39 - Tr NF 136

% sy e e vagen of bt 2 1o s
St

woman wha had gven no tustory of employment i an industry ustig
berylhum, but had Ined a short distance from a fluorescent famp plant
She had ascnbed her contition to dust brought home from the factory
by hier daughter and to dust discharged from the plant into the air
One nught suspeet that the character and extent of the pulmonary
mvohement wookd be selated to the amount of beryllwm present
the unps that in case 322, with a spectrograpiue value of 50 for beryl-
hum, the disease had been most advanced, and that w case 323, with
a value of enly 5, st bl been Jeast adsanced Snch an assumption 15 not
warranted, however Patient 333, whose lungs showed a spectrograplue
berylhum value of 30, mamfested o mote acute type of reaction than

Taste NI Srrcinackapiine ANALNSEs OF 10 mn®!

Case 1 7n Aty )

o Ay
A 52 0 3 2 0 50 75
P 40 23 8 50 0 0
P w0 15 10 k53 %
P38 s 25 10 s b
L) » 1 5 0 a5
P35y 20 65 5 30 50
Psy 25 10 5 s 0
T ¥se 1o 183 b3 13 30
sy » 1" 3 12 10
Py 0 % 10 10 15

o oo 241 0 o it g bt st s 18 B o commr
T Vi ol whes oot retn w0 30 1 L0 AKX T4
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either Patieny 322 of Patieny 297 Patlent 361, Whose Iungs also shaweq a
value of 30, hag exbubitog the most advanceq type of chrop; esion see,

Whep zine bexyllmm Manganese Stheate i Suspect, if gh, speclrographm
value f5, be, Hium high, then ¢, values g, 2ne shoup be corre.
spondmgly hugh This does poy appear ¢ p,, the case, howeye, Only o
Of the 4 Iung SPecimeys from mdn'xduals who hg een eMployed 1, the
ﬂuarescen

tantia} €idence Has beer, foung at Manganese,
Capable of causine Specific Jesiong in the Jyp, S,
ng pulmonmy lesions, but the tissue

: the chemic,; and spectrographzc values i,
OUS mneray substances, they indrcate

ignificance may he
ut definite Proof thyy beryHiuy, s the caygyy
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Discussion

IIARRISON § MARTLAND, MD

In the work of Dr. Vorwald and Ins associates the Trudeau Foundation
15 lving up to its well-eamed reputation as the center for the investiga-
tion of occupational diseases of the lungs [ therefore want to emphasize
the necessity of sending to the Saranac Laboratory all available autopsy
matenal m cases of suspccted berylhum possoning, so that many of the

stll fusmg and bl ansing from this elusive
oceupational discase may be solved.
Just as Koch and others have postulated enitensa for d g the

existence of discase entities, we medical exammers have cstablished
certamn entena for judging cases of suspected porsoning

Tt must be proved that the victim was exposed to a specific poison

w©

The symptoms reported must be compatible with the syndrome
known to result from the specific poison

Autopsy must disclose lesions of the type known to be caused by
the paison, and no other cause of death may be found

The toucologist must recover the poson m what 1s considered
a lethal amount

Such entera are absolutely essential for proper police and court action
I fed) that these conditions have been met m the beryllum cases The
amount of Leryllm which constitutes a lethal dose, however, has not
been clearly established More autopsy matenal 1s needed for study.

To determme the lethal amounts of berylhum n the chronic discase
may be dufficult o even impossible If the granulomatous nature of the
diease 15 apprecated, one can easily imagine how granulomatous
cells, once stunulated by the imtant, might in overcompensation con-
tinue to proliferate i the presence of mfinttesimal amounts of bery Mm
cmbedded 1 the palimonary tissues :

DY

IS

In 3 of the casts discussed in my paper,} death was due entirely to
the pultnonary disease, congestive heart falure resulted from the long-
il d pul y hyp It 1s true that n 2 of these cases,

granulomas were found m the ver, but the chronte passne congestion

* Clief Medal Dxammer Essex Counts, Newark, New Jerses
¥ See Clapter 14 (Fd )
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either patient 322 or patient 297, Patient 361, whose lungs also showed a
value of 30, had exhibited the most advanced type of chrome Iesion seen
in any of the cases studied In cases 859 and 328, with berylhum values
of only 10 and 5 respectively, the disease had been similarly advanced,
revealing evtensive fibrosis and hyalinization.

When zine berylhum manganese silicate 15 suspect, if the spectrographic
value for beryllum 15 ugh, then the values for zinc should be corre-
spondingly high. Tlus does not appear to be the case, however, Only 2
of the 4 lung specimens from mdividuals who had becn employed in the
fluorescent lamp industry showed moderately high values for zinc by
spectroscopy, and the quantities detected in the cases by chemical
methods were very small Spectmen 355 showed an abnormally high
spectrographic value of 65 for zinc, yet this patient had had no industrial
exposure to zine except what might have occurred in the crematory
where he had worked, or what might have been due to a neighboring
plant using beryllium. A sample of crematory ash such as that to which
this man had been evposed failed to manifest the presence of zine, and
embalming fluids by law cannot contan salts of heavy metals which
mght cause medicolegal comphications. The small amount of zinc
found 1n the tissues of this patient remams unexplamed. If zinc were
the cause of disease in this case, simlar disease should have been de-
tected m some among the thousands of persons exposed to this metal in
various industries, but there 1s no medical record of such disease.

The I lead, mag) and silica d d in the lungs
m these cases may be suspect, but no relation between these substances
and the granulomatous disease observed 1n beryllum workers has ever
been discovered No substantial evidence has been found that manganese,
lead, or magnesum are capable of causing spearfic lesions m the lungs
Silica, of course, is capable of causing pulmonary lesions, but the tissue
response in silicosts 1s distinctive.

In symmary. the chemical and spectrographic values in this disease
are proof only of exposure to varwous mmeral substances, they indicate
nothing of the character and extent of the associated tissue changes, In
the hght of present knowledge some ctiologic signdficance may be
attached to berylum, but defimte proof that berylhum 1s the causal

agent is still lacking
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Discussion

HARUSON § MARTLAND, M D.¢

In the work of Dr Vorwald and Ins associates the Trudeau Foundation
15 Iving up to sts well-earned seputation as the center for the mveshiga-
tion of occupational diseases of the lungs 1 therefore want to emphasize
the necessity of sending to the Saranac Laboratory all available autopsy
matenal 1 cases of suspected beryllum poisonmng, sa that many of the
still confusing and controversial problems arising from this elusive
occupational disease may be solved

lated cntersa for d g the
existence of disease entiies, we medical evaminers have esh‘bhshcd

Just as Koch and others have p

certamn enfena for udging cases of suspected paisoning.

1t must be proted that the victim was exposed to a specific posson,
The symptoms reported must be compatible wath the syndrome
known to result from the speaific powson.

e

43

Autapsy must disclose lesions of the type known to be caused by
the poison, and no other cause of death may be found,
The toacologist must recover the powson in what is considered
a lethal amount

Such enteria are absolutely essential for proper police and court achon
1 feel that these conditions have been met m the beryllum cases The
amount of beryllum which constitutes a lethal dose, however, has not
been clearly established More autopsy materal 1s needed for study

To determie the lethal amounts of berylhum in the chronse disease
may be difficult or even impossible 1f the granulomatous nature of the
disease 15 appreciated, one can easily imagme how granulomatous
cells, once stimulated by the imtant, might 1 overcompensation con-
tinue to prohferate in the presence of nfimtesimal amounts of beryllum
embedded n the pulmonary issues

In 3 of the cases discussed m my paper,} death was due entirely to
the pulmonary dlse’\se cnngestwe heart failure resufted from the long-

d 1t 35 true that 1w 2 of these cases,

gmnulomas were found m the liver, but the chrome passive congestion

® Clue Medical Examuner, Essex County, Newark, New Jersey
1 See Chapter 14 (£d )

-
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was the promment feature I doubt that biopsy of the hivers would have
shown the granulomas unless the needle happened to get wto the right
area The bone marrow showed no lesions charactenstic of this disease.

As to whether we should speak of acute and chronic forms of the
disease, I think at the present time we should.

‘The acute disease seems to be due to concentrated but relatively bnef
exposure and probably could be prevented by better industrial house-
cleaning Histologtcally, 1t 1s entrrely different from the chrome discase,
rather, it closely an or g virus p ia, Whether the
acute type of pneumomtis may progress mnto the chronic is controversial.
Some evidence evsts that this may eccur in a few instances

The chronic pul y granul 1 an lious disease of de-
layed onset, and apparently results from relatnely shght but prolonged
exposure The disease may be well established even before it is recog-
nized roentgenologically, Symptoms may not occur unti long after the
patients have left the employment in which exposure occurred

For ths reason, as regards compensation, the chronic disease remds
me of our famous expenence 1 New Jersey with radum dial pamters.
Because radum poisoning was not hsted i the compensation laws of
the state at that time, none of the victtms could obttn compensation
Five were forced to take envil action, and after years of wrangling these
cases were settled out of court, On the basis of the “statute of limitations™
the Supreme Court of New Jersey prevented further ¢jvil action by this
group of workers because their disease did not manifest rself unti] two
years after they left their occupation I predict that the same thing is
gomg to happen with berylhum workers, unless deaths occur mn states
1 which all types of occupational disease are fully covered by the com-

1

pensation laws.

Further Discussion
PR, MecANN: T should Iike Yo usk Dr Vowsald whekar be examaned,

the thyroid gland m any case
bR vorwALp, The thyroid was sent us 10 just one case Whenever pos-
sible, we tried to find out how organs other than the Tungs were affected
but, unfortunately, the material that comes to us 15 usually only the lung

at part of the huing.
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pe. maroy: I should like to ask Dr Vorwald whether he agrees with
Dr. Martland that this dhsease 15 primanly pulmonary, or if he agrees
with me that 1t 15 systernic,

o vorwats I am sorry, De. Hardy, that I cannot answer that ques-
tion, although we have attempted expenmentally to find the answer. I
suspect, however, that the discase 15 pulmonary rather than systemie,
or sarrir How do you explan the nausea and vomnting that seem to
be characteristic of many of these cases®

br romwatp. Certamly other pulmonary diseases produce nausea and
vomiting

vr pir. Nausea and vonutmg are characteristic mamfestations of the
anowia of gh alttudes

A Mensnn Dr Martland raised the question of the safeguards pro-
vided m industrial plants In my pany’s plant for 12

fivorescent powder, we are contmually making dust counts of the atmos-
phere to gurde our efforts to control the dust The highest concentration
now 15 about 3,000,000 particles of the powder per cubic foot of ai,
whereas 1 the past it may have been qurite 2 bit higher than that For
the most part the concentration ss about 1,000,000 particles or less

We have made every effort to enclose all equpment from which dust
might anse and 1o cover it with hoods, and we provide negatve pressure
on the equipment and on the hoods, to draw the dust away from the
operators and prevent its escape into the atmosphere which the em-
ployees are breathing
R wueir  One pont which Dr Vorwald and T have often discussed
should be mentioned, From the chureal standpoint, I have been struck
by the discrepancy between the degree of change visible 1 the roent-
genograms and the estreme disability which some patients show,

Occasionally, one may be msled by roentgenograms suggesting only
mild changes even though the patient has severe symptoms In this
discase. as m siticosss, one should be cautious m estmating disability
from the chest roentgenogram
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was the prominent feature. 1 doubt that biopsy of the livers would have
shown the granulomas unless the needle happened to get into the right
arca. The bone marrosw showed o lesions characteristic of this disease

As to whether we should speak of acute and chronic forms of the
disease, I tinnk at the present tiume we should.

The acute disease seems 10 be due to concentrated but relatively brief
exposure and probably could be preveated by better industrial house-
dleamng  Histologrcally, 1t 15 entirely dufferent from the chronic disease,
rather, 1t closely lates an or; g virus | ia. Whether the
acute type of pnevmomitis may progress into the chronic 15 controversial
Some evidence ewsts that this may oceur in a few mstances.

The chronic pul y granulomatos:s 15 an lious disease of de-
layed onset, and apparently results from selatwvely slight but prolonged
exposure, The disease may be well established even before it is recog-
nized roentgenologically. Symptonts may nhot occur until long after the
patients have left the employment m which exposure occurred

For this reason, as regards compensation, the chronic disease reminds
me of onr famous evpenence in New Jersey with radium dial pamters.
Because radmm poisoning was not hsted in the compensation Jaws of
the state at that time, none of the victims could obtain compensation,
Five were forced to take civil action, and after years of wranghng these
cases were settled out of court On the basis of the “statute of Jimutations™
the Supreme Court of New Jersey prevented further cntl actioa by this
group of wotkers because thew disease did not manifest jtself untif two
years after they left thew occupation I predict that the same thing fs
goiag to happen with berylhum sorkers, imless deaths occur in states
in which all types of occupational disease are fully covered by the com-

pensation laws

Fusthes Dhscusvon

pr Mocany 1 should Like to ask Dr Vorwald whether he examined
the thyroud gland in any case

pr vomwatp, The thyrowd was sent us i just one case Whenever pos-
sible, we tried to find out how organs other than the lungs were affected
but, unfortunately, the materal that comes to us is usaally only the Jang

or part of the lung.
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or. 1taspy. [ should like to ask Dr Vorwald whether he agrees with
Dr Martland that thrs chsease 1s prmartly pulmonary. or if he agrees
with me that it 5 systerme
or vorwaws. I am sorry, Dr Hardy, that I cannot answer that ques-
tion, although we have attempted expenmentally to find the answer. I
suspeet, howeyer, that the disease is pulmonary rather than systemic.
or saamn How do you explam the nausea and vormting that seem to
be characteristic ot many of these cases®
s vorwarp  Certainly othes pulwonary diseases produce nausen and
vomtng
bR bt Nawsen and vomiting are charactenstic mamfestations of the
anovia of gh altitudes
e aermiL Dr Martland rased the question of the safegnards pro-
vided 1n mdustral plants In my panv's plant for facturing
fluorescent powder, we are contimually making dust counts of the atmos-
phere to gutde our effarts ta control the dust The Iughest concentration
now 1s about 5,000,000 partreles of the powder per cubic foot of air,
whereas 1 the past it may have been guite a bit hugher than that For
the most part the concentration 15 about 1,000,000 particles or less

We have made every effort to enclose all equipment from which dust
mght arise and to cover 1t with hoods, and we provide negative pressure
on the cquipment and on the hoods, to draw the dust away from the
aperators and prevent ifs escape mto the atmosphere which the em-
ployees are breathng,

or. wiienT:  One pomt which Dr Yorwald and 1 have often discussed
should be mentioned From the climcal standpomt, I have been struch.
by the discrepamey between the degree of change vistble m the roent
genograms and the extreme disabiity which some patients show

Occasionally, one may be misled by roentgenograms suggesting only
mild changes even though the patient has severe symptoms In this
disease, as w siheoss, one should be cautious in estimating disability
from the chest roentgenogram
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was the prominent feature 1 doubt that biapsy of the hvers would hase
shown the granulomas unless the needle happened to get mto the right
area. The bone martow showed na lesfons characterfstic of ths dxse;e

As to whether we shonld speak of acute and chronic forms of the
disease, I think at the present tune we should,

The acute dwease seems ta be due to concentrated but relatively brief
exposure and probably could be prevented by better industrial house-
cleaming Histologically, 1t 15 entirely dufferent from the chronic discase,
rather, it closely simulates an organizing virus pnenmonia, Whether the
acute type of pneumonstis may progress into the chronic is controversial
Some evidence evists that this may oceur m a few instances,
lomatosis 15 an wmsidious disease of de-

The chrome pul v 8
tayed onset, and apparently results from relatively shght but pralanged
evposure, The disease may be well established even before 1t is recog-
szed roentgenologieally Symptoms may nat occur until fong after the
patients hase feft the employment m which exposure gccurred

For ths reason, as regards compensation, the chronie disease reminds
me of our famous expenence m New Jersey with radmm dal pamters,
Because radm posomng was not hsted in the compensation laws of
the state at that time, none of the victims could obtam compensation
Five were forced to take cvif action, and after years of wranghng these
cases were settled out of court, On the bass of the “statute of }imatations”
the Supreme Court of New Jersey prevented further eivil action by this
graup of workers because thewr disease did pot mamifest stself until two
years after they Jeft thewr occupation ¥ predict that the same thing 15
gawng to happen with berylhum waorkers, unfess deaths occur in states
10 which all types of occupational disease are fully covesed by the com-

pensation laws.

Further Discussion

pn sccanss 1 should Dke to ask Dr Vorwald whether he exammed
the thyroid gland in any case

or, vorwatn: The thyroid was sent us i just one ease. Whegever pos-
stble, we trted to find out how organs other than the lungs were affected
but, uafortunately, the matenal that comes to us is usually only the lung

or part of the lung
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pr maroy: I should like to ask Dr. Vorwald whether he agrees with
Dr Martland that tlus disease 1s pnmanly pulmonary, or if he agrees
with me that 1t 15 systerue.

DR vorwaLp I am sorry, Dr Hardy, that I cannot answer that ques-
tion, although we have attempted experimentally to find the answer 1
suspeet, however, that the disease 15 pulmonary rather than systemic,
pn ssrmn How do you explam the nausea and vomiting that seem to
be charactenstic of many of these cases?

bR vorwaLp  Certainly other pulmonary diseases produce nausea and
vomiting

bR pur  Nausea and vomiting are charactenistic manifestations of the
anovia of gh altitudes

Mr Mepmzr  Dr Martland rassed the question of the safeguards pro-
vided m mndustrial plants, In my pany’s plant for f
fluorescent powder, we are contiually making dust counts of the almo&
phere to guide our efforts to control the dust The highest concentration
now 1s about 5,000,000 particles of the powder per cubic foot of ai,
whercas m the past it may have been quite a bit higher than that For
the most part the concentration 1s about 1,000,000 particles or less

We have made every effort to enclose all equipment from which dust
might anse and to cover 1t with hoods, and we provide negative pressure
on the equipment and on the hoods, to draw the dust away from the

operators and prevent ats escape mto the atmosphere which the em-
ployees are breathmg

DR WRiIGHT ~ One pomnt which Dr, Vorwald and I have often discussed
should be mentioned From the chmeal standpomnt, I have been struck
by the discrepancy between the degree of change visible 1 the roent-
genograms and the extreme disability which some patients show,

Occasionally, one may be muled by roentgenograms suggestng only
mild changes even though the patient has severe symptoms In this
disease, as n silicosss, onc should be cautious m estimating disability
from the chest rocntgenogram



CHAPTER 132

Differential Diagnasis

JOSEPH C. AUB, M,p *

1t 15 wonderful how much has been learned about this new disease m
the five years smce it first attracted attention The disease has been
described pretty well, and has been classified in two categaries, the acute
and chrome A remarkable amount of physiologic and pathalogic study
has been done, so that we probably understand this disease better, after
five years, than Jead powsoning was understood durmg a period of more
than a thousand years. That 15 how well the sesearch seems to be pro-
gressing,

I am convinced that a new disease, with acute and chronic manifesta-
tions, oecurs 1 the beryllium mdustry In the cousse of this symposium
I have been further convineed that beryllium plays an important etio-
fogre rofe 1 should hate o incrimmnate besyHium unpustly but, certainly,

d against it is lating. Nme cases i Boston of acute
preumonttrs m people exposed only to the purest berylfum attainable
and to berylum oxide are strong evidence that pure berylhum s at
fault,

To be perfeetly fair I must mention another case, that of a man who
worked in a laboratory, and had no exposure to berylhum that I could
discern, but who had a typical case of the disease, and 2 severe oue In
addition, Dr. Williams reports that a woman who had been exposed
only remotely to berythum had a tvpical chronic case

The fact still remamns that the prepond p evidence pomts
to berylfium
Qur d jons have been muddied a little by confusion m nomen-
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To establish the eusstence of the new disease as an entity, I do not think
1t is necessary in the chromic form to find berylum in the tissues, It is
necessary i some g en number of cases to prove its presence in the tis-
stes at sume time m the patients” histortes, but in many conditions abnor-
malities are produced when the causative agent is no longer present Some
canccr-pmducing agents, for example, cannot be found m the cancers
which they have caused, and some, such as radium, are found in in-
fin } amounts The are infinttesimal partly because the
disease may mamfest itself 15 or 20 years after the first evposure, 1 do
not believe that the fact that beryllum has been found only i small
quantitres in pathologic tissue should mfluence us too much mn our
opmon on the role of this element Nor does the difference m the
maunifestations of the discase make very much difference,

What appears to bother many people most is the delay in the onset of
symptoms. Among those of us mterested in cancer, the long lag between
exposure and onset 1s what many of us ponder over much of our tme

In human beings, the phenomena m the two conditions, cancer and
this new disease, are not dissimilar Cancer of the lung in human hengs
comes only after years of exposure In uramum mines, Sikl found the
earliest tumor developed 13 years after exposure had begun For 17
years on the average these mmers worked without showing evidence of
the disease Radium produces sarcoma of bone 15 to 20 years after ev-

posure.
With the carcinogente agents the delay 1n the manifestations of discase

may be subjected to exper ion All genic agents allow a
long latent perod before cancer develops In eyperjments with mice, the
lag may last for a large part of the life of the mouse, 1t may be a year,
and o mouse hves only sbout 15 months The neoplasm st the mouse
may be produced with a small fraction of 2 milligram of the carcinagenic
chemcal, and the carcinogenic agent is hardly ever discermble in the

tumor.
The question is how rapidly these carcinogenic agents may produce

change, and how long thereaffer the change may became manifest.
Exposure to the carcimogene agent pushes the ammal toward a I?.nho'
logie ehange called cancer. If exposure to the agent is stopped the tissues
retorn to a normal appearance, but eventually some subjects develop a
late stage of mahgnant disease. Cancer may develop long after exposure

to the agent has ceased
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describe a disease entity such as we arc studying here. T have tred a3
wmuch as possible to avaid identifying this disease with berylum, becanse
1 am not certain that the causal agent is berylhum, ¥ am not suwe that
anather factor, as Dr. Gardner so often suggested, is not responsible
for this condtion. Therefore, I hesitate to identify this disease by a term
inceriminating a specific substance,

I prefer the term granuloma, suggested by Dr. Gardner, Cranuloma

means an miammatery condition perhaps leadng to Bhrosis Now, it is
true that not all cases of the disease lead to fibrosis, Then, 100, T am not
sure that the acute form is a seperate entity, or one which always dis-
appears, I wonder whether this acute disease may not lead to the chronic
type.
Dr. Aub mentioned the iatent period I am extremely conscious of 1,
as I am sure all of us are who are studying the disease In our expert-
mental work at the Foundation, we have been aware of the length of the
latent period, and for that reason have laoked with disfaver on short
term experiments Many, although not all, of our evperiments with
berylium are Jong term expenments, the length bemng limited by the
life span of the animals I am sure it 15 only from long term experiments
that we can draw really sonnd conclusions,

Further Discussion

sieatess, 1 should Ike to ask one question about the postmortem
findtng. Is there any relationship between the duration of the disease
and the extent of the pathologe changes found in the hver? Have more
extensive changes been found in the sers of those patients who Sived
longer?
pr. vomwarp, ‘There is 1o relation between the duration of the illness
and the severity of the disease One patient was ilf only 19 days, and yet
had a more chronic type of Jesion than did a patient il for 46 days

In my paper® I tried ta show there is no relation between the amount
of berylhum 1n the tissues and extent of the disease in the Jungs. I agree
with Dr. Aub that the berylhum content of the lungs is no mdex to the

character and extent of the disease
We have had material from only one normal indwidual to test for the

* See Chapter 11 (Ed)
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presence of berylum and n this instance no beryllium was found [urge
those physicians swho have lung tissue obtained at autopsy, to examme
that tissue chemically and spectrographically for the presence of the
element.

meampre I am anterested particularly 1n the liver, but not especially
the lung

DR voRwaLD As yet, we have made no chemical or spectrographic
analyses of iver In only 1 case of those we studied did we obsenve the
unit lesion mw the lner It was a small microscopic lesion

aevmer I was hoping that the hepatic tissues might throw some light
on the question of whether the discase 15 local in the lungs or 15 systemic,
as Dr Hardy believes If a patient Iived long enough, the disease might
be carned from the lungs to the hver

or vorwarp  If that were true, some of our patients who were exposed
to beryllnum for many years and have advanced chromie disease of the
lungs, should show Iner damage, but we have not found histopathologic
evidence of such damage. I do not believe we can make a correlation
as yet

PR BarkULIS  Apropos of possible liver disease, I should Like to men-
tion a prelmunary ammal study at the Argonne Laboratory We have
tried to duplicate the studies of Dr Gardner with rabbuts and we also
are studymg a colony of mice, which have been ginen the same com-
pounds m suitably decreased doses Although it 1s very early to draw any
definite conclusions, an the lvers of mice which were gnen multiple
mtravenous mjections of zinc berylhum silicate we are beginnng to find
small granulomata not unhke those described by Dr Martland.

pr vorwaLp  Wait a year, and see what your animals show then,

pr aus 1 want to make a comment on nomenclature, I did not mean
to imply that this disease should be called beryllum poisomng, that
would be just as unwise as to call 1t sarcord

My plea is that we avoid any name that favors the Mlusion that the
problem has been solved The disease can be called chrome or delayed
preumonitis or granulomatosts, which are terms meaning that we do not
Anow what the diseasc is but let us not use a specific name such as an
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allergy o1 sarcord or beryllium poisoning, for then we might be tempted
to sit back and stap work

pR. wrieut  Those of us who are begmning to write about thrs disease
are m an embarrassing situation Some precedent has been established
for each of several names, and I thuik we should have umformty,

R vorwarn: I should Iike to follow that suggestion If you will allaw
me, § shall ask certam members of ths symposium to gather to discuss
nomenclature
DR HERMAN.  As has been indicated, the identification of this granu-
lomatosts as berylium potsomng may be perfectly wicked I sit on the
medical board 1 Maryland which hears claims for compensation for
alleged accupational disease We have a schedule act m which beryllium,
of course, 15 not neluded Iam certain, however, that at the next mecting
of the Maryland legislature, berylum 15 gomng to be included. In that
case, with the problem as it stands now, our board 1s going to be on
the spot
pi. MARTLAND: The only suggestion I can make at the present time 1s
that the acute discase be known as acute chemical preumonitis, and 1f
vou want to add “beryllium” in parentheses, with 2 question mark, it 1s
all nght with me. The chrome form might be known as delayed chemi-
cal pneumonitis, again with “beryllium” in parentheses with a question
mark,
Apparently, some of you do not want to believe the disease is berylhum
porsoming, I may be sticking my neck out, but I am going on record now
to the effect that i the cases in which I have performed autopsies the
dhsease was beryllium poisoning

The comparathely large amount of berylium (3 to 4 mg.) found in

the organs 11 ane case, 1 which the patient died some four years after
me, the berylum should not have

exp , 15 suffi to

been there,
ok reatr. [ awish to ask Dr. Aub a question He spohe of delay in the
onsct of discase after evposure to tovic agents, and suggested we should

nat worry too much about the delay 1n thes particnlar disease He exted

tumors, which are self-propagating once they get started I think that th;
disease with which we are dealing, however, 15 an inflammatory one, an
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CHAPTER 13

The Chronic Disease in Neon Tube Workers
O A. SANDER, M.D.°

te that a hazard

Two cases of chronic pul y disease
exists 1n the neon sign industry, probably because of the use of fluorescent
powders. The roentgenograms of both patients show the pattern typical
of the disease observed among fluosescent Jamp workers. One patient 1
under my care, and the other case will be described in 2 medical publica-
tion by Dr Regmald Smart of Los Angeles Several other cases, not yet
authenticated, have been reported from various parts of the country
m the neon sign industry.

‘The patient whom I have under observation first came to my attention
m August 1946, This man, Richard S, now 29, had worhed in vavious
neon sign shops since 1936 Before 1933, however, onfy gases (argon and
neon) were used m neon tubing. After fluorescent powders containing
beryilium came into use m 1938, this man helped to mix and prepare
the powders 1n a shop run by lus two brothers Here he could have been
exposed to powder m the air through any of several operations. (1}
Powder was mixed with aleohol, and the mixture stramed through eloth,
Lumps left m the cloth were dried and then shaken out in a cardboard
bov, with resulting dissemmation of dust (2) Dred powder miv was
heated m crucibles at temperatures as high as 2300° F., with consequent
fumes and dust (3) One one day a month, old tubing was reclaimed by
brushmg 1t out During this operation dust was visible mn the air This
man definitely was exposed from the spring of 1930 until February 1941
Durnng the next two years he worked m numerous neon sign shops as a
tube bender, but did no further powder mrxing In 1943 he entered the
Army A Corps, and served for over two years. Dunng this period of

® Cansultant, Milwankee, Wisconsin
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service several chest roentgenograms were made, none of which were
reported as abnormal After his discharge from the Army i October
1945, he returned to work m neon sign shops, where he beheves he
suffered Little or no exposure to the fluorescent powders

In February 1946 he first noted a cough and shortness of breath on

e et

Fic 69 Raentgenogram of a neon sign tube worker It reveals fine
discrete stipphing throughout both lungs

exertion, which mcreased durmg that spring and summer In September
he was forced to stop work altogether, and did not return to work until
February 1947 Since then he has worked on his brother’s farm

In September 1947 he felt much improved He slept better than
formerly, had no cough, and expenenced shortness of breath only when
chmbmg stars In general he felt well

This patient’s roentgenograms show fine discrete stipphng throughout
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bath lungs, with no areas of confluence No roentgenologic changes

oceurred between September 18, 1946, the time of his first ﬁlim {8 abg)j

and July 19, 1047, the date of lus most recent one (8g. 70) e
His three brothers also were examined roenlgenologmn)]y: Their chests

were found to be clear, even thongh two of the brothers had had much

Same subject (Ag 69), taken 10 months later.

greater exposure to fluorescent powders than had the man who was

affected.
The patient under Dr Smart’s care has a hustory of considerable ex-

posnre to fluorescent powders This man v failng rapdly, he 15 in 2
state af ewreme anovemua and requies oxygen almast contmuousty.

Aftes lus death postmortem stucies will be made.
The danger to health m the neon sign ndustry is increased by the fact
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both lungs, with no areas of confluence No roentgenologic changes
occurred between September 18, 1946, the time of Ius first film (fig. 69),
and July 19, 1947, the date of his most recent one {fig. 70).

His three brothers also were examined roentgenologically, Their chests
were found to be clear, even though two of the brothers had had mnch

Fr 70 Same subject (Rg 69), taken 10 months later,

nas
greater exposure to fluorescent powders than had the man who

affected ) -
The patient under Dr. Smart’s care has a hustory of consldcrn.bk .
pasure to fluorescent powders This man 15 faling rapdly, lw' is u;]
state of extreme anoverma and requires ovygen almost continuously.
ies will be made
After Ins death postmartem studies wi
p i ased by the fact
The danger ta health m the neon sign mdustry is mereased by
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both lungs, with no areas of confluence, No roentgenologic changes
acearred betw cen September 18, 1946, the time of his first Alm (fg. 69),
and July 19, 1947, the date of his most recent ane (fg. 70),

His three brathers also were 1 tgenclogieally, Their chests
were found to be clear, even though two of the brothers had had rmuch

Fic 70 Same subject (fig 69), taken 10 months later,

s
greater exposure to fluorescent powders than had the man who was
affected )
The patient under Dr Smart's care has a bistocy of mnm;emblev ma
posure ta fluorescent powders This man §s faling raprdly, he 15 u:]'
state of extreme anovemm and reguires oxygen almost contmuously.
i »3f be made.
After his death postmortem studes wi o, »
The danger to health 1 the neon sign industry is increased by the fac



The Chronic Disease in Neon Tube Workers 219
that the industry mecludes many small shops in which dust control 1s
unheard of

In my opmion, people who work with fluorescent powders should be
exammned roentgenologically before startmg on the job and periodically
afterward, if more cases are to be discovered before the disease has
reached an advanced stage.

Duscussion

MR PLNAYBACKER My company supplies neon sign manufacturers with
coated fluorescent tubing and with some of the fluorescent chemicals
used A considerable number of neon sign manufacturers coat thewr tub-
g by what we call *home” or “kitchen™ methods. They are absolutely
unaware of the importance of gettng nd of the dust In such shops the
fluorescent maternals are used without any bmnder, whereas 1 most of
the larger plants m which tubmg 1s coated, a binder 15 used which pre-
vents much dust from comng off These smaller sign manufacturers
sweep the floors and dust the powders around

There are more than 2000 small plants scattered through the country,
which make neon signs out of flworescent tubing Probably about 10 per
cent of these manufacturers coat the tubmg themselves, under con-
ditions such as Dr. Sander and I have described, and such practices
have been gomg on for about seven years
bR vorwalD Dr Sander expressed his anticspation of postmortern
studies of one of the patients cited. I cannot let the occasion go by
without stressmg the fact that when postmortem matenial 1s available,
the Trudeau Foundation would appreciate recerving a supply of that
material, suficient not only for microscopie study, but also for chemical
analysis and for expertmental study.



CHAPTER 14

Postmortem Observations in Cases in Which the
Patients Had Been Exposed to Beryflium

HARRISON §, MARTLAND, M.D.°

As far as I have been able to ascertam, New Jersey has had no recorded
deaths from industrial bery lium porsoning, evcept possibly in the fol-
lowiag 4 cases of pulmonary disease These deaths came to my attention
because the duties of the Chief Medical Examiner of Essex County, N. J.,
nclude the myestigation not only of violent deaths and others in which
crime 1s suspected, but also of deaths due to mdustrial diseases and

parsonings

Case Rerorts

Case 19 Chronic Beryllwm Poisoning Versus Nickel Paisoning in 1936

This case was referred to me by Dr Raphael Ponteranz of Newark,
N ]. for autopsy. Dr. Pomeranz summarized the case as follows:

The patient, a white male aged 23, was an mdustnal chemist exposed
to mercury, antimony, and lead His work included boiling nickel m

carbon tetrachioride.
He first complamed of substernal pam and of Joss of appetite and
weight These symp were followed by 2 nonf ive cough and
d by clubbing of the fingers

shortness of breath, and later by cyanoss an

Roentgenograms showed fine, diffuse nodules, ke millet seeds, scat-

tered over both lungs No caletfication or cavitahion was observed All
tests for tuberculosis gave negative resulls

The patient was seen by several outstanding physicians, who made ﬂ\'c

i d i d type of Jymp Hodghm's

ol bt possible obscure

h

g
disease, mibary car % #
occupational disease due o dust Pulmonary sarcoid was not meptoned,

as at the time most chmcians were not sufhctently alert to the sarcoids.
Extensive rrradration of the chest was the only treatment that gave

© Chaef Medical Examver, Essex County, Newark, New Jersey
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dyspnca: She had been treated by another physicin for one year for
heart disease. When Dr. Slavin examined her, the roentgenograms
showed fine nodulation throughout both Iungs, and cor puimonale.
Clubbmg of the Bugers and marked cyanosts were noted. The re
sults of all tests for tuberculosis were negative, The patent was seen
by several New York speciahsts, who made the following dragnoses:
miliary carcmomatosis, Hodghi’s disease; miliary tuberculosis; silicosis,
Boeck’s sarcoid Dr Slavin was of the opinion that she hiad some ynusual
occupational Jung disease, but he could eleit no definite hustory of expo-
sure, 1t was not learned until after her death that she had worled in the
flnorescent famp industry.

Dyspnea became so estreme that during the last year of her life the
patient was constantly under an ovygen mask. She died from congestive
heart falure about three years after the onset of symptoms.

Anlopsy  Extensive bilateral vodulation suggesting Ene silcosis or
sareoid, was fornd 1 the hungs The walls of the right ventricle of the
heart were hypertrophied to a thickness of 9 mm, Chrome passive con-
gestion of the liser, spleen, and hidneys, and also clubbed fingers, were
observed

Micrascopic cvamination: The pulmonary lesions were of the same
type seen 18 case 19, but no granulomas were found in the liver.

Comment A specumen of lung tissue was sent to Dr. Gardner, who

wrote to us as follows.
Tts appearance is practically identical with that of the histology in

the first of the so-called Salem sarcoids which came to autepsy. Both

on the basis of the latter, and probably assumeu e prescine v w
noncaseating tuberculosis as the canse of the other lesions
This case agam iltustrates the difficulty of recognizing chrome benl-
hum poisoning unless one has been alerted to the disease, since s0 out-
standing an authoety as Dr. Gardper would not fiave diagnosed the
condition correctly escept for the fact that he was stadymg the Salem

cases at the ime

Case 21 Acute Berylium Poisomng i 1947
This case was reported to the Medical Emm{ner for mvestigation as
possibly one of chermeal pneumonitis if not of \nnxs})ne\xmonxa. .
The patient was a white male, aged 22, wth no history of expasure I;
accupational hazards before he began w orh m the phosphor deparlm(in
of a § Jamp company Chest ams made when 1;
started on this job showed no signs of disease For 81 dass he was a mi
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operator, Joading and unloading fired and unfired phosphor powder on
the mght shift Respurators were supposed to be used m this work On
the last of the 31 days the patient complaned of pamns acrass his chest.
and was tad off the job Two days Jater, when he was admtted to a
hospital, he showed marked dyspnea and evanosis and complamed of
weakness and chest pams

Fic 71 Cxtensne bilateral diffuse bronchopneumonta m a case of
acute berylhum possomng (case 21)

In the hospital the course of his illness was that of bitateral broncho-
pneumonia, with litle fever, no leukocstosis, and no pathogens m the
sputa X-ray exammation (fig 71) showed extensne bilateral broncho-
preumanua [e died 22 days after the anset, modern prewmoma therapy
not having ifluenced the course of his disease

Autopsy  The roentgenologic observation of extunsive bilateral bron-
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chopneumoma was confirmed at autopsy. The lungs were almost solid,
and were dnpping blood Cut sections usually sank n water, The cut
surface was shaded from grayssh red to dark red, and showed orgamza-
tton, marked edema, and hemorrh.xglc extravastion. The left lung
waeighed 1600 gm., the nght lung, 1800 g,
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Frc 72 Tissue specimen from case 21, X250, sl 8
bmnc;mpneumoma PNo(e the nuclear debns and the absence of poly-
morphonuclear leukocytes

Mucroscopic ¢ Under the pe the mﬂame:l} :;::u:
(fig 72) showed an evudate of plisma cells, ymphocytes, ant wuhga
menonuclear cells 1n the alveol and the mteralveolar septums, b 3
strking absence of polymorphonuclear leukocytes. The;e' \\;a: c:md“e
fibroblastic organization of mtra-afvcolar and mtera ‘leo Jd pudate
Squamous cell metaplasia of the epithehum of the abeols aw

mfltration, were seen.
meholes, and Jarge areas of hemorrhagie e
" ot . E; jons by our tovrcologsst, and alsa
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by the Ketterng Laboratory at the Unnersity of Cincinnatt, showed small
amounts of beryllum in the lungs aud hver The silica content of th‘e
lungs was normal The Ketterng analyses, made by that laboratory’s
newly developed sp phie techmie, disclosed the ing amounts
of beryllium

Fic 73  Retwulition and suowstorm effect, withaut evidence of caleifi-
cation or cavitatton, 1n a case of chronie berylhum pasomng (case 22},
Note the p of the pul y artery, indicat;
heart disease

Y

In 100 grams of wet lung , 20 micrograms
£ g gl

{Total amount w the lungs 063 mlhigrams)
In 100 grams of wet hver 4 mrcrograms

{Total amount n the lver 004 mlhgrams)

Comment  The climcat course and the roentgenologie and autopsy
observations m this case were similar to those m the cases of berylum
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pneamonitis described by VanOrdstrandss aud others in 1945, T
ficroseopre appearance of the lungs was evact] what G "Ibl} )
seribed in the VanOrdstrand report, v S &
The‘nmoums of beryllum found mn the lungs fu this case were small,
and might signify no more than exposure, So hitle tovicologic mwlorr 1!‘ )
bas been gathered as yet in such cases that the letha] daxi", in mlh:; :‘f.z

Fic 74 Portion of a roentgenogram m case 22 enlarged to show the
reticulation and snowstorm effect

acute or the chronice form of berylhum poisoning, cannot be determined
with accuracy at present. Some authorities thercfore might question the
diag; of berylhum p g m thys case, and might attnibute death
to an virus p which undaubtedly the disease closely
resembled Agamst such an evplanation, however, are the occurrence of
38 cases of chemical pneumomtis, with 5 fatalittes, m the Cleveland
plants producing beryllium copper, and the low mortality 1 virus pned-

monia

Case 22 Chromc Berylhum Poisomng mn 1947

Tlus case was reported to the Medical Examuner as one of occupational
disease In a civil st begun before the patient’s death, the ifiness was
s tracted wlule the patient was work-

Yol

7
mg m atome research.
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This patient was a white female, aged 81 Before 1942 she was 2 sades-

- ) “342 she was

wnum with

> apparatus

affer 1t had cooled a black smudge settied over her face and 1 her nos-
trals At such bimes she conghed and felt a choking sensation

Fic 75 Tisue specimen from case 22, X950, to show berylum gran.
ulomas Note the epitheliod tubercle with lymphocytes, farge mono.
nuclears, and gt cells This fesion 15 virndlly sndistnguchable from

Boetk's sarcand,

After thus three-month period, until 1946, her work was drawing bery -
hum wire and sheet metal, exhausting tubes, and brazing and soldermg
Toward the end of 1941 she deseloped a nonproductne cough and
became short of breath By the end of 1946 she was so weak and so short
of breath that she had to gne up work

From thws time on she became progressnely worse, with marked
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dyspnea, insomnia, and los

2, 1, 0 s of weight Her lips and finge {

cyanotic, and the fingers were clubbed P rgemas were

lmi;o(-mgenogmms (figs 73 and 74) showed fine nodulation throughout
th lungs, prod\wmg a reticulate pattern and a snowstorm .xpp&uzmce.

The hilar nodes were not unduly enfarged The pulmonary artery was

Fic 76 A giant cell, x1600, found m a pulmonary granuloma in case
22 The cell contats an mcluston body.

promment Electrocardiograms showed deviation of the right axis of the
heart,
A diagnosis of delayed chemical pneumonitis was made by Dr L L
Applebsum of Newark Tests with 2 sensitive Gerger counter shoved no
abnormal radoactnity No berylum was found during life mw the urive,
blood, or feces, but accurate tests for the element had not yet been
developed
Toward the end, the dyspnea was only relteved by constant admmistra-
tan of avygen Cardwe farlure of the congestive type set in. Enlargement
of the hver, edema of the ankles, and shght ascites were noted The
patient died Bve yoars after exposure to berylhum compounds, and three
and a half years after the onset of symptoms
Autopsy  Chrome, diffuse, bilateral, mterstitial pneumonttis was ob-
lafying nodules from 1 to
hroughout the

served, with

5 mm m d Discrete and confluent nodulat




Postmortem Observatons 229

lungs was seen, Compensatory emphysema was found ;m most of the hung
tissue, all cut sectrons floated The nght lung weighed 720 gm, the left
lung, 620 gm Cor pulmonale was manifested by hypertrophy of the walls
of the right ventricle to a thickness of 7 mm. Chrome passive congestion
was noted m the ler, spleen, and hidueys

Fic 77 Ringlke extracellular bodies, X1600, found in a pulmonary
granuloma in case 22

Microscopic evamination  The nodules scattered throughout the lungs
usually had centers of epithelioid cells, ded by lymphocytes,
plasma cells, monacytes, and many guant cells, the last-named contarming,
forergn bodies Vurtually no polymorphonuclear leukocytes were found,
and no cosmophils The hilar nodes showed the same type of granulo-
matous lesions, and also larger hyalme nodules somewhat resemblmng
stlicotic nodules The general picture (g 75) was identical with that
seen 1 Boeck's sarcoid Many of the giant cells (Bg 76} contaned large
mclusion bodes, often rmghle, sometimes akmost ike protozea. These
bodies were staned a deep purple by hematoxylm, Extracellular bodies
(fig 77) sumlar to the mclusion bodies were seen in the granulomatous
lesions

Cultures and moculated gumea pigs showed the lungs to be negative
for tubercle bacilh and other pathogens

g 9t phic analyses by the Kettermg
Laboratory gave the following results

Lungs . 12 micrograms beryllium per 100 gm of wet tissue.
Liver 4 7 i oo
Spleen 43 " " oo
Bones 135 " " oo

Kidneys 272~ " "o
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With the weights of these organs considered, their beryllium content
can be estimated roughly as follows.

Luongs . N 0162 my
Liver o FREPTEPI 3 1 S
Spleen . ., S el 00086 7
Bones P e 27 "
Kidneys . . ©oe e 01 "

Comment.  In the symptoms aud the causse of the stiness, and 1 the
autopsy and histolagie fndings, tus case 1 simfar to the so-called Salem
cases of chrone pulmonary granulomatosrs, as reported by Hardy and
Tabershaw w1

The toucologic examnation in this case was the most thorough one
made 5o far in any of the berylimm cases The large amounts of bervllivm
found in the skeleton suggest that although death in such cases fs due to
the Jung Jesions beryllium 15 distributed throngh most of the body, that
after whalation or ingestion of fumes and dust (the latter often of cal-
loxdal size), the metal s deposited m the retculoendothelial system, as
are Yead, radm, and arsenic. The disease therefore must be systemc.

The large amount of berylhum found  the kidueys, some 5 years
after esposure, suggested the possibility of a urmne test which durmg hfe
will show berylhum m sufficient quantifies to form the basis of a dug-
nosis, and mdeed, the Kettermg Laboratory has recently develaped such

a test
Coverasion

On the basis of a study of the foreg cases, of the VanOud: d report
on acute berythum powsoning, of the Hardy and Tabershaw report on
chrone beryllinm posonmg, and of the work of the late Dr. Gardrer,™
who conducted expentmental miestigations by injecting berythum com-
pounds mto ammals, T have reached the opmion that the existence of
wdustrial berylhum poisonmg 1 well established.

Discussion

pn waming I should hike to ash whether mdustry is making any effart,
and of so with what success. ta follow up discharged emplo) ces, inasmusch
as the chironie form of puewmonttts seoms to appear several years nger
exposure has ceased Is st possible that the disease occAms among n‘jl
charged emplovees but 15 not recoguized because the patients aze trea

by uninformed practitioners?
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D8 scomxavacam:  Recently, naw that the problem has confronted us,
the Beryllum Corporation of America has mvited former employecs to
return for exammation, and some of them have done so Fortunately,
those whom we have been able to follow up are negatne for the disease
so far

on smeaan:  All the patients who came to my attention did so as a
result of leaving therr former employment and seehing employment
our plant, for a while the former employees of other companies were
quite a fruitful source of cases

1 know that the past employers of these people have made reasonably
thorough efforts to track down cases It must be remembered, however,
that no one m the industry realized that we had a real problem on ouwr
hands until after many workers had scattered to the four winds Aany
of the girls married and moved away, and the young men went mto the
Army or Navy, so that an teliigent attack on the problem became nearly
impossible  Nevertheless, much was accomplshed, and I believe that
more will be done

MR wmonse  Sylvama 1s one of the compames which has attempted to
follow up cases arising among former employees The magnitude of that
problem 1s ternfic Exposure occurred during the war years when we had
thousands of employees, mcluding agh tumorer groups such as house-
wives working for patnotic reasons and young girls Naturally, we lost
trach of most of these people We did approach the Army and Navy m
the hope that through their medical work they could track down any
cases amany, our ermployees 1w the service, but that search has not been
very productive

One thing which has baflled us 15 the fact that i the past year or so
new cases almost without fail have ansen among people who were no
longer mn our emplov, 1n many mstances for several years Dr Iardy
has been of real service in helping us find these cases

As a result of meetings such as the one which Mr Bowditeh organized
m Boston several years ago, and of symposmms like this one, more phy-
sicaans are becommg aware of the symptoms, so that word of new cases
does come back to ws Qur company has been entierzed m the prst for
talking about our cases From the begmning, however, we have known
that we could not passibly track down all the exposed people by our-
sehves. therefore, we gladhy made our expenience public in the hope that
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With the weights of these organs considered, their beryllam content
ean be estimated roughly as follows- '

Lungs ..,
Laser
Spleen
Bones
Kidneys

Comment  fn the symptoms and the caurse of the illness, and in the
antopsy aud histalogie Budiags. this case is simifar {0 the so-called Safem
cases of chronie pul Y lomatosis, as rep ! by Hardy and
Tabershaw 2

The tovcologic examination 1 this case was the most thorough one
made so far 1n any of the beryfhum cases The large amounts of berylium
found m the sheleton suggest that although death in such cases 15 due to
the hung lesions, berylium 15 distrbuted through most of the body, thas
after mbalation or ingestion of fumes and dust (the latter often of col-
loidal si7e), the metal 15 deposited mn the reticuloendothehal system, as
are fead, radrum, and arseme The disease therefore must be systemie

The large amount of herylium found mn the hidneys, some 5 years
after exposure, suggested the possibility of a urne test which during Ife
wall show berylhum m sufficient quantties to form the basis of a diag-
nosis, and indeed, the Kettermyg Laboratory has recently developed such

a8 test

Covcrusiox

On the basis of a study of the foregong cases. of the VanOrdstrand report
an acute berylln porsorung, of the Hardy and Tabershaw report on
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chrome berylhum powsoning, and of the work of the Iate Dr Gardser,
who conducted experimental i estigations by mjecting beryium com
pounds wnto anunals, 1 have reached the opinion that the custence of
wdustrial berylum powsonng is well established.

Discussion

on wamng I should ke to ask whether industry s making any effort,
and 1f so with what suceess, to follow up discharged empiloy ees, jnasmuch
as the chroate form of preumonitis seems to appear several years after
exposure has ceased Is 1t possible that the disease occurs among d\:l'
charged employees but fs not recagnized because the patients are treate

by uninformed practitioners?
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o sconvavaccr:  Recently, now that the problem has confronted us,
the Berylhum Corporation of Amenca hay wvited former employees to
return for exammation, and some ot them have doue so Fortunately,
those whom we have been able to follow up are negative: for the disease
so far

on. smraan Al the patients who came to my attention did so as a
result of leaving thewr former entplayment aud seehing employment m
aur plant, for a while the former employees of other tompames were

quate a fruitful source of cases
1 know that the past employers of these people have made reasonably
thorough efforts to track down cases It mast be temembered howeser,
that no ope m the mdustry realized that we had a real problem on our
bands unti] aftes many worhers had scattered to the four winds Many
of the girls married and moved away, and the young men went mto the
Army or Navy, so that an mtefligent attack on the problein became nearly
Mle. Nevertheless, much was phshed, and T bebese that

P
more will be done

MR Mmopse  Sylvaa s one aof the compantes which has attempted to
follow up cases ansing among former employees The magmitude of that
problem 1 ternfic. Exposure occurred dnring the war vears when we had
thousands of employees, mcludmg hygh turnoser groups such as house-
wives warkmg for patriotic reasons and young girls Naturallv, we lost
trank of most of these people We did appreach the Anmy and Navy m
the hope that through thewr medical work thev could track down amy
cases among, our employeey 1w the service, but that search has not been
tery productive

One thing which has bafled us 15 the tact that in the past yeas or so
new cases almost without fail hase ansen among people who were no
tonger w our employ, n many wstances for several years Dr Hardy
has been of real service m helping us find these cases

As a sesult of meetings such as the one which Mr Bowditeh orgamzed
m Boston several years agn, and of sympnstams Tihe this one, more phy-
sictns are hecommg aware of the symptoms, so that word of new cases
does come back 1o us Our company has been critierred sn the past for
talking about our cases From the beginmng, however, we have known
at we could not passibly teaed down all the exposed people by our
sehes, therefore, we gladly made our expersence public in the hope that
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word of it would get to more sanatoriums and physicians, to help them
recognize cases The Saranac Laboratory, among other agenties, already
does a good job dentifying the disease when cases come up,

Therefore, although we havent tracked down all of the thousands of
people who worked 1n onr plants during the war~some for a few days
or a few weeks—we are becomtng more hopeful that as this pecular
disease becomes better known, active cases will not be Jost,
br witLiams:  From time to time we see information on the amounts of
berylium found in various human organs Can you tell us what is normal,
Dr. Martland?
DR MARTLAND.  As far as T know;, no beryllim should be found in por-
mal persons who have not been exposed to benyllium

In the acute case® which I described, the beryllium found amounted
to only 20 micrograms i the lungs and 4 micrograms in the lives, per
100 gm of wet tissue. These are small amounts, and inasmuch as the
pulmonary lesions resembled those of organizing virts pneumonia, the
findings mught be mterpreted as indicating only that the patient had been
exposed to berythum In one chronie case,d however, about 8 mg. of
berylhum was found in the body, and I beleve that this was a lethal
amount in this case.
pr vorwatp I should like to refer Dr, Wilhams again to my paper
reporting on chemtcal and spectrographic analyses of lung tissue §
bR $snpeR.  Dr. Martland reported the presence of a lot of Yerylhnm
1 the hones m one case In the Los Angeles case which I mentioned, 2
bropsy spectmen of bone marrow showed no berylmm. T suspect that
the element was found 1 the bone marrow in your case, Dr. Martlaad
bR MARTLAND. T am unable to say whether the beryllium was present
1 the cortex, the marsaw, ar i both, but because the disease was chronie
in this case, 1 suspect that relatvely larger amounts were deposited in
the cortex tather than m the cancellous bone. for such has been my
expertence with radmum powsoning Because of the extreme dificulty of
determming berylltum analytically, [ do not believe that a marrow punc-
ture would furmsh sufficient material for a satrsfactory analysis.

* Case 21

1 Case 22
1 Chapter 11
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or, pENAROL  In my company we have not endeavored to follow up nor-
mal induviduals who have left the plant without having developed preu-
momtis I have been very successful, howeser, i followsmg up cases of
pneumonttss 1 have been able to contact more than 70 per cent of the
people who recovered from pucumonitis and to have vray chech-ups
made. In all the cases followed up but one, recovery has been complete
with only shight residual effects That one patreat died of carcmomatosis
anginating m all probabihty n the right kidney, death occurred two and
one-half years after full recovery from a severe attack of pneumonttis,
We have made vo attempt to follow up unaffected employees for the
simple Teason that dunng the war years most of cur employees were
transtents. conung from that area of the south including Kentucky, West
Virginia, and Tennessee. Only a few of these people remained on the
job for more than six months,
pR MitL1can: 1 wonder whether lungs are becoming available for ex-
ammation from workers who were exposed to berylhum for a penod of
ears but died of other causes If one finds a given amount of berylium
m the lungs of someone who died of a putmonary condition, the mference
15 that the berylum cavsed the disease In the case of an exposed persan
who dies of another cause, do the lungs contam the same amount of
beryllug which they meght f death had been due ta pulmonary disease,
or are they free of berylhum? Is that a logical question®
bR AARTLAND I have no anformation on workers exposed to berylum
who have died from causes other than beryBiwm possoning Quite pos-
sibly the lungs in some cases mght show traces of beryllum, but I should
nat expect to find amounts comparable to those found m the case I
deseribed The amounts necessary to establish the fact of porsoning by
berylum compounds have not been determmed with any accuracy.
pr vorwatn  Your question, Dr Mdligan, is a most pertinent and a
very mmportant one Unfortunately, the dearth of evidence prevents us
from answering it [ urge, therefoxe, that every effort be made to abtain
postmortem material from cases m winch the patients were exposed to
beryllium, even when the cause of death 1s not pulmonary Not a case of
evposure should be missed

or smuew The berylnm mdustry should be most productive of
such cases,
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CHAPTER 13

tntroduction

JOE w, HOWLAND, AM.D M

To anyone with an elementary hnowledge of nuclear physies, and par-
treulasly to those whose cunosity was sufficent to prompt the digestion
of the Smyth report seleased by the Manhattan District, the role of bers)-
hum and ts compounds 1 the production of atomic energy 1s obvious
1t was only natural that considerable research and developmental work,
both physical and physicochemieal m charaeter, should be imtiated and
contmued nto the present. As early as the beguwnmng of 1946, st was
reahized that the develop of such prog even on a relatnely
munor scale, meant that human bewgs would be exposed to berylhum,
with posstble toxie eflects; the medical division of the then-ewisting Man-
hattan District hnew that the potentta) hazard of beryllum mught be a
very real one, endangesmg not only mdustral personnel, but abo wre-
placeable scientific personnel Therefore, an experimental program on
the toviaity of beryllum and its compounds was deemed necessary

The tocologae research groups of the organization were consulted for
the purpose of formulatng s sumable program. Programs then were
authorized both n the Metallurgical Project, now the Arganne National
Laboratory, and m the Rochester Project. On January 1, 1947, these pro-
grarns were taken over by the Atanne Energy Commussion without major

change, and for prachical purposes the admmstrative changes can be
forgotten.

From the outset 1t appeared that the berylium problem was a nut
which would be extremely difficult to erack The funneling of alf possible
mformation wito the research laboratory was coasidered necessary. Re-

* Claef, Dnaston of ‘duhml Services, Atomic Energy FProjct, Unneraty of
Rachester, Ruchester, New Yorl

27
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views of pertment hterature, however, were extremely confusing and of
Little help Reviews of analytical methods, which up to that time had
! aly faults,

seemed revealed evtraord

The el logical devclog of our p at Roch has a
certam mterest, as shown in the papers preseated here. Qur desire, of
course, was to orgamize the program on a sound basis, using the best
possible procedures and techmes As a preliminary step, therefore, all
possible efforts were made toward the development of new analytical
methods and procedures. The early results of this work are described by

Dr Neuman °®

Another necessary part of the program entatled field suneys in the
plants and arcas i which beryllum poisoning of human beings had been
observed dunng the past five years or so. The dust and fumes of the
various compounds of berylium as well as of the metal itself were ente-
cally examined by the most modern and up-to-date methods, some of
which were developed m our laboratory, A small portion of the results
of thesc studies 15 now ready for release, and is described by Mr.
Laskin.}

While the new procedures which were obsously necessary were bemg

developed and standardized, certam pilot expenmmentation was under
dard tovicologic prac-

way. These experiments, phnncd i g to st

tice, required the exposure of animals (of a total of seven species) to'com-

pounds of berylhum administered by all possible routes, that 1s, by m'lr:!-

venous, mtraperitoneal, and ntratracheal injection, and by inhalation

Certam cutaneous tests were carried out on sensitive species 10 order to
give us some 1dea of the skin pathology.

In these pilot expermments, the mvestigators wished:
1 To produce sn ammals lesions similar to those found m human
bemngs after toxic evposure,

2 To get a tentatve 1dea of the general character of bel

owsonmg and of mortality rate. .

3 'Il"o detc]gop certam c]unci’] and Inhoratory test methods “hlgh

would be of value m identifying such poisoning These methods

melude the determination of weight and loss of w eight, resp

rylhum

ratory

® See Chapter 22 (Ed}
+ See Chapter 23 (Ed )
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CHAPTER )6

Biochemical Studies of Workers Exposed to Beryllium

J. J. NICKSON, M.D.® AND ELAINE J. KATZ, M.A.f}

In the studies reported here, an attempt was made to detect evidence
of subclinical metal poisonmg 1 some members of the Argonne National
Laboratory who had been exposed to varying amounts of beryllium Such
studies appeared pertinent 1n view of the evidence which has been pro-
duced to show that exposure to beryllium for a protracted period may
lead to 2 pecuhar syndrome 1n human beings 126t

The biochemical problems selected for routine investgation were
chosen after much previous experimentation in the attempt to find tests

which would be useful 1 detecting early damage in men exposed to small
Jly dang metals The tests described here are

of p
essentmally those reported in detail by Schwartz*#?

In studies of berylluum poisoning in rabbits, st was shown#3 that Iner
dysfunction oceurred, as mdicated by an increased urmary everetion of
urobil foll g the sub di of beryllium
chloride (BeCl:) m amounts of 05 to 1.0 mg. per kilogram of body
weight For this reason, liver function tests were particularly emphasized
1n our biochemical stadies made with human subjects. Though the date
given 1n the following pages are not m any way conclusive, the queston
of systemic damage, either with or without acute Mlness from exposure
to dusts of berylhum or s salts, is of sufficient importance to warrant
further investigation Because our mvestigation cannot be continued at

the Argonne National Laboratory at this time, it seemed worthwhile to
Chicago,

® Former Director, Medical Dnision, Argonne ‘I;!a{wml Laboratory,
Illinos, now at Memonial Hospital, New York, New York Clneoges
f Associate Brochemist, Medical Division, Argonne National Laberatory, Chicag
o
1 With the techrucal assistance of Manervia Martin,
240
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Tests Performed

Porplyrin: Metabolism  Unnary Excretion of Coproporphytin: The
amounts of the mdnidual coproporphyrin isomers as well as the total
amounts of copraporphytin excreted were determined fuorometrically
The procedures wsed for both the quantitative estimation of the total
unmnary coproporphyrin and of the coproporphyrin 1somers I and Il
were 1 accordance with methods desenbed by Schwartz and others 5

Liver Function  The serum cephalin cholesterol floceulation test of
Hanger® was employed along with the urinary urobilinogen test of
Watson™ and the thymol turbidity test of Maclagen ! These tests lack
etiologre specificity, but are useful for screening purposes

Serum bilirubin d ations were made Ting to the method
of Evelyn and Malloy,’® with 05 cc of serum used instead of plasma.
Previous studtes i our laboratory indicated that for routine determmna-
tions with normal subjects, there was Qittle to be gained by making tests
for both direct and indirect reacting (total reacting) bilirubim, therefore,
only the total reactng bilirubm was determmed in this study.

With samples of 1 cc each, the same test was apphed to urine; thus,
the matenal capable of the duzo reaction was measured in terms of bilr-
rubin, This test 1s not specific, but elevated values routinely are found
m mstances of known bilrubmuria

Excretion of in-hke pig Ui in is a red compound
formed by the ovdation of mdoleacetic acid, if present, when a mineral
acd 15 added to urme. Its exact climcal significance 1s upknown, but
its escretion appears to be most commonly associated with detary

deficiency 5t
The following method was used to extract the uroroscin-ike pigments

Five co, of glacal acehe acid are added to 50 ‘cc of unnc This i
extracted three times with ethyl ether, usmg approximately 100 cc of
ether each time and shaking m a sep ry funnel The comb d ether
extracts are mixed and then dwided mto two equal parts f)ne pait
(Fraction A) 15 extracted i a separatory funnel with successive smnl;
portions of 25% HC! until the HCI extract 1s “colorless.” Only 23 ¢ bO
1ICI are used for each extraction. The final total volume should be
90 co. One ce of 1% KNO; 15 added fo the other part of the elher.:mz“]‘
{Fraction B) and 15 shaken with 1t This 15 then extracted with 200 Hi B’
as abave Fraction A is the so-called unoxidized fraction; fraction B
the so-called oxidized fraction.
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The hight absorption of each fraction was quantitated with the Evelyn
photoelectne colorimeter, st wath a filter for a wave length of 400 mulli-
microns and then with a 520 mllmicron lter, In the eacher studies cach
solution was next examned with a packet specteoscope, and the presence
of absorption bands was noted,

About half of the samples discussed 1 this paper were quantitated
with a Coleman spectrophotometer Readmgs were taken at wave lengths
of $10, 490, 520, 540, and 600 mulumicrons 1n order to detesmme the
alsorption pattern precsely Only readings at 410 and 520 millimierons
are reported in table XXVIL

1t should be emphasized that the sa-called urorssem fractions melude
not only urorosem but also urobihin and mumerous other pigments, mostly

dentified The guanbtatne p fure 1s therefore not specific for
wrorosein, although the absorption band at 543 mulhumerans appears
to be fauly specific for that chemical *

Scaring System

As an and m the interpretation of some of the data. the results of several
of the tests were graded 1 categories designated as 0 to 4+ A score
of 14 was questionably elevated, aud scores of 2+ to 44 were m-
creasingly elevated above the usual control values It shonid be borne
m mnd, however, that scores of 3+ or 4+ m these stuchies rarely were
assoctated with chnwcal complaats

Tasve XXHE  URivazt pecrETton OF coPropoResyRIN

B2 RE
Cper 10055 ) (per dav)
Number of axbgats ——

O Y+ 24 3+ 4+  No sdbatemoemal® G

Laboratory worlers ex-

posedtobenpllam (50 74 312 8 1 @ 17 0
Nunexposed laborarory

worbers (10 18 1 o 0 0 3 2
Unsveesary studenss (10) 9 1 [ o o 1 1
Toral determmatunas W 15 8 1 o n

130 Badend s v e oy eed e vl e
S st it samrien Grun ek perem wre examined o ra0 sonieine dive 4 sumaite o one 26

gl s ot e enb e wre el ire 4 swonaile ol one 3¢ b

* Though urorosm has an aborption haadd wsontsm at abont 513 mlluntcrons as
sicwed spectroscaprfly, oty ghorption @ the Evebn colonmiter was found fo be
Rreater wattt u 320 Bhr thn wath o 31 Wer Tas plannmenon 5 due to the
relatnehy greates ttal absaphion of the shores wave hengths as compared to those
greater than 503 aullmicrons
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The range of values®? corresponding to each of the scores used 1 as
follows:
Urine coproporphyrin (table XXIII).
0 = <8 micrograms per 100 cc. of urine
I+= 810
24 =10-13
3+ =13-18
4+= >18
The normal maximum is about 10 micrograms per 100 ce. of urine and
100 mierograms per day. A value of 111 to 140 micrograms per day may
be rated as 2+,

Tance XXIV  seruM cepnaLiv cnoipsTeroL®

Subgects itk 3+ and

Number of subgces 0 14 24 3+ 44 A+ eabwrasSoofrsl
Exposed 1o bery lum (50) 11 & 4 13 13 45
Nonexposed (10) 4 1 2 2 1 5
Total determinations 15 9 6 16 14

# Normal aerem wich koown aegarive reatzons, from a laborarory wocker, was wed ss a check 1t serur srod 5
Cephalin cholesterol flocculation (table XXIV): The grades 0o 4+
were based on degree of floceulation, as described by Hanger.

Tanre XXV THyYMOL TURBIDITY

Subjuss wih 3+ orl

Nunber of subjeces 0 14 24 3+ 4+ dhedusa ool
Exposed to beryllum (50) 22 13 8 3 4 1;
Noneposed (10) 7 o 2 1 o
Total derermmations 29 13 10 4 4

Thymol turbidity® (table XXV):
0 =100 -90° reading of Evelyn colonmeter
1+= 8§9%-85°

24 = 847500
3+ = TOLTS
dh= <75

tions
® This method of sconng thymol turbidity 1s bised on unpublished obsersats
of the reactions of numerous hospital patients and normal men
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Sertum bilirubin and unne “bilirtebin”  These factors were not assigned
any scores because no considerable vanations from normal were obsersed

Tastg XXVI LRINARY EXCRETION OF UROBILINOGEN

0-249 2550 More than3 0
Nusiber of subjects g sy g day g day*
Laboratory workers exposed to beryl-

Trum (50) 3 [
Nonexposed laboratory workers (10} 20 0 [
University seudents (20) 10 [ 0
Total determinations 126 3 4

“Only 3 valoes meve brgher rhan che dormal of 23 g pee dav and qone of these was unusaalle plevared

Urnc  urobilinogen  (table XXVI) According to Watson and
Schwartz® normal unine urobilmogen values are usually 0 to 05 mg per
100 cc of unge and 0 to 25 mg per day Values much greater than
these may be coustdered abnormal

Light absorption with o 400 millimicron filter (table XXVII)
For a 100 cc, specimen of urine

0 =100 -35° reading of Evelyn colopimeter

1+= 3019

2+=  <I13°
For a 50 ce specimen of unmet

©  =100-70 reading of Coleman spectrophotometer

69-60

2+ = 59~10
3+ = 3930
44+ = <30

Lght absorption with o 520 mdlimicron filter
For a 100 cc spectmen of urine
0 =100 -55° reading of Evelyn colonmeter

1+ = 5{.85
2+ = 34170
4= <IP

* Pusonal communication
4 The chage in amount of unine used corresponded to the change from the Exelyn
colorimeter to the Coleman spectrophatoue tee
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For a 50 ce. specunen of urine®
0 =100-85 reading of Coleman spectrophotometer

1+= 84+70
24 = 69-50
83+ = 49-35
4+ = <85

Results

The results of the biochemical studies of urne and serum are shown
1 tables XXIIT to XXVII

Accortng to Evelyn, 07 my per 100 cc of serum 1s the normal maxi-
mum for scrum bibrubin In these studies, 10 mg per 100 cc was
considered the normal mavumum Six of the subjects exposed to beryllm
had values agher than 10 mg per 100 ce, with an average of 120 mg
per 100 cc None of the centrols showed a value greater than the normal
mavmum  Although the lugh values were not mdicatne of chincal
abnormalities, they did indicate a shght trend All 6 specimens with
somewhat lugh values had a defimte pink color, indicating a relatnely
ntense diazo reaction

Urmary diazo-reacting substances were not mdicative of any abnor-
malities

Orscussion

The interpretation of the findmgs i these studies 1s difficult, even m
cases of deerdedly abnormal values The differences between the value
ranges shown by the several groups of subjects often were not consider-
able Moreover, the exposure of the 50 laboratory worhers to tovic sub-
stances was potentally multiple and the degree of their exposure to
beryllum 1 only vaguely known

Although lacking etiologic specifictty, biochermical studies such as these
may be of value for screenng purposes Abnormal s alues would mdicate
the need for more mtensive study of the particular subjects who show
such values The results of tests such as these must be mterpreted Largely
on an mdiidual rather than on a statustical bass, mterpretation 1s pos-
sible only with the aid of carefully compiled case histones of past clineal
complamts and of possible exposure to toxic maternals. Historses are
especwally smportant when the subjects are, or have been, exposed to

* The change i amnunt of urne wed correspinded to e chinge from the Tyelyn
colutimeter to the Colunn «pes trophotometer .
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minute amounts of more than one tovic agent, i such cases, the ex-
posures on the present job may be secondary m mmportance to other
factors,

The urme urobilinogen values showed no significant elevation, nor did
the urine “bilirubin” tests The method used n this laboratory for the de-
termination of urinary diazo-reacting substances s not well enough estab-
hished to permit wmnterpretation of shght deviations from the normal,

Urinary coproporphyrin values greater than 100 micrograms per 100 ce
of utine were found 1n 17 tests, or 14 per cent of those made with the
group exposed to beryllium, but were found 1n only $ tests, or 2 per cent,
of those made with the posed group Data pubhshed by Sc}
mndicate that human bemngs exposed to certan metals commonly excrete
an creased total amount of coproporphyrnin The salues of 3+, or
more than 140 micrograms per day, found for 3 subjects, were not strih-
ngly lngh In only one case (that of LP ) was such a value associated
with other sigmficantly high values for thymol turbidity and cephalin
cholesterol (See tables XXVIII and XXIX )

Taste AXIN  CORREIATION OF ABNORMAL vALLES*H

No Same sbgucss wreh orber abnormalsttes
subgeers
usth Usorosesn-
abnormals- Copropor- Itk Cophalin~ Thymol  Serum
sur phynt  prgmenes§ Poculation tarbidsey belivubin
Coproporphyria 3 3 1 2 1 0
Urorosein-like
pigments 26 1 2 12 4 1
Cephalin floccula-
tion 30 2 12 30 4 3
Thymol turbidiry 8 1 4 4 8 ]
Serum balirubin L] 0 1 3 o 6

* Valsesof 3 -
%\ ibecr 5 s cable clude afl e enembers seudied
1 012l e § 3esomsesamined woh 4 320 liunron e

In the studies of pigment excretion, the beryllum-exposed subjects
showed somewhat greater pigment everction 1o the oudized samples than
&id the controls, as evidenced by wncreased absorption at 520 mulh-
microns This absorption m the oudized simples calls for further study

to see whether amv specific urnary compound 1s responsible for the
ncreased absorption
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In all cases the specific gravity and volume of the urine were within
the normal range.

Seven beryllmm-exposed subjects showed clevated thymol terbitity
Four of these persons also had elevated cephalin cholesterol values, and
1 person had elevated urinary coproporphyrn exeretion as well Oze
ather eles ated thymol turbidity value was found in a chemist not exposed
to beryllium.

Numerous 3+ or 4+ values were also found in the cephalin chofes-
teral determunations Because of the number of high values, dupheste
analyses were made and, 1n general, the agreement between the two sets
of results was good Al the control specimens of serum from persons
with known negative reactions showed normal values.

In the future, seram specimens which show abnormalities in tests for
thymol turbidity and cephaln cholesterol floceutation should be siub-
Jected to electrophoretie analysis to determine the nature of the serum
protemn abnormaltties,

An analysis of the chmical condition of 4 persons who had been es
posed to beryllium, as compared with that of 3 nonexposed faboritory
workers, showed no clear-cut differences. Though m the exposed group
the incidence of colds was slightly greater than iu the control group,
though sexeral subjects complaned of nondescript symptoms suggestse
of mfiuenza and though one or two maidents of inflammation of the ejes
were reported, the composite chnical picture suggested only a shhtly
greater incidence of abnormahties than in the control group. ¢

Representative biochemical findmgs are given in table XXVIIL Al 4o
the beryllium-exposed subjects scored 2+ or more fn either the test ff:;
thyme! turhadity or the cephalin focculation test, and 8 of the 4 scorc
i+ for urinary coproporphyrin In the group of 3 controls, howevs,
only one 8+ valve was found in esther of the first two tests and T\O
high values were found for coproporphysin With the same 1 ";”i’:
coproporphyrin determmations were made with eight-hour n.rme :X‘ ‘ls
mens taken winle the subjects were at work This second seties 0'“"'-"5'*
gave values of 100 micrograms per day or more for the 4 }!E’! ';“m
expased workers, but none for the control graup. TI‘m tests for S“d[[-
bilitubin, wne “ilrubin,” urobilimogen, and urorosein showed no
ferences between the beryllium-esposed group and the controls. _—

Although individual abnormalities were found with respect to Ly
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turhidity, cephalin chol 1, unne coproporphynin, unme p

and serum ilieubin, none of the tests gave consistently lugh values for
any wmdividual This fact suggests that the repeated findmg of shght
abnormahiies may be more significant than hugh values m all the vanous
tests The greater incidence of abnormahities m the beryllum-exposed
group suggests possible systemte damage.

Surnpary
Clinieal laboratory studies of workers exposed to varying amounts of
berylhum were carnied out for a period of one year with the object of
detecting and evaluating posstble systemic subclimeal metal poisonmg
The possinlty of systerme damage due to beryllum was msestigated
primaridy by means of lver function tests

Individual abnormahities were found with respect to thymol turbidity,
cephalin chol floceul. urme coproporphy rm, urine prigments,
and serum biirubin, but no type of test made showed consistently hagh
values for any individual

Interpretation of the results of the tests 1s difficult because of the num-
ber of tovic matenals, of which bervihum was but one, wiich might hase
been acting on any given subject,

Under such circumstances, the results of such tests must be mterpreted
Largely on an individual basis rather than on a statstical one, and must be
considered m relation to detaled case hustories, wineh are especally
unportant when the subjects may have been exposed to muute amounts
of vanious tovc substances

Lnver function tests and tests for uremary pizments and coproporphymin
fall 1ato the category of screening tests, af value m the study of large
woups The finding of abnormal salues for any mdndaal m the group
would indicate the need for turther intensn e study of that mdivedual,

Drseussion

FRIFDIICIE W RLLMIPERER, A D *

The results of Dr Nickeon's tests are hughly anteresting 1 consider it
vy much worth-wlile to compare data on people who Iave been

" Mead, Deputment of Buchemistn, The Trnlesu Foundition, Swimac Lake,
New Yok
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exposed to beryllium but are not chinically 1ll with data on patients suf-
fering from the chronic pul y disease, I am especiall d in
Dr. Nickson’s studies of hver function because occasional Iaboratory data
on patients with the chronic disease indicate some disturbance of Iner

function.

The data which I am givmg here on such patients are not new. Most
of the information was supphed to me by Dr. Hardy er was gained in
studies made of patients at the Trudeau Foundation

In cases of the chronte disease the laboratory findings have been strik-
1ng essentially because of the absence of abnormal values Only occasional
findings have been made that might be nterpreted as indicating damage
to the lver.

The amount of serum phosphatase 1s commonly used as a measure
of ler function, and I know of only 2 ¢ases m which 1t was mncreased
beyond the normal level—moderately i one case and shghtly in the
other, How this fact 1s to be mterpreted is rather doubtful

We are dealmg with 2 very small group of patents, and any conclu-
sions as to the causes of the phenomena noted i the laboratory are
certainly not warranted at this time It 1s interesting, however, that one
patient with a kidney stone showed a serum calcium level of 117 mg
per 100 cc. and also an mcrease in the serum phosphatase

One observation has been made m more than one or two cases. a rather
stnkmg mcrease m the serum globulin Tt is unfortunate that m l‘hﬂ
early days the disease was regarded as strictly pulmonary, and few bio-
chemical studies were undertaken, but the amount of serum globulin has
been determmed 1n 7 cases, and of these patients, 4 showed a defimte
merease n the seram globulin, the values ranging between § 8 and 47 mg
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of antibodies, but whether such a mechansm develeps in tins obscure
new disease is highly questionable

In this connection the fact mght be worth mentionng that the sedi-
mentation rate was elevated in about half the cases of the delayed
type of pulmonary disease ;m winch the rate was detenmmned In the
acute form of the disease the sedimentation rate apparently 15 not
increased

The phenomena which I have mentioned I consider secondary mani-
festations of the disease I agree absolutely with what Dr Howland sad
about the biochemical approach to this disease, we should not be satisfied
with an attack on secondary problems, but should direet our investiga-
tions mamly toward a knowledge of the metabolism of berylum m the
body and of the efiect of berylhum on cellular metabolism Before we
can arnve at a bl ! ding of the vanous p! a of
this disease, we must leam, for mstance, what the state of beryllum 15
m the body fluids, when berylluem 15 present, does 1t aceur only in the

form of fons® Is the touic agent possibly an morgame compound or 1s
% present n organtc combination® T do not know the answers to these
«questians, and wonder whether anybody else does

Another question of considerable importance concerns the solubiity
of beryllium phosphate, as this property must detcrmine the mechanism
of the dep of this compound in the bones Inf ion on this pomt
might give us a lead on the possibility of infl g the excretion of
beryihum or its retention in the body by admimstering caleum

We must study the effects of bervllium not only on cells and cellular
metabolism but also, particularly. on various enzymes Through such
stucies we may be able to amve at an understanding of this puzzling

disease and possibly devise a rational therapy

Further Discussion

or sreveener D Nickson, did vou study patients actually suffering
from the diseasc, which supposedly 15 due to berylhum, and of so, 1 any
13 pe of test were higher values found than those we have heard of as yet?
or siessov. Unfortunately, we have had no opportumty to study the
metabolie changes w buman bengs with clineal tlness attrbutable to
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exposed to beryllum bat are not clinically ill with data on patients suf-
fening from the chronic pul y disease. T am especially i Iin
Dr Nickson’s studies of liver function because oceasional laboratory data
on patients with the chronic disease indicate some disturbance of lnet
function,

The data which I am giving here on such patients are not new Most
of the mformation was supplied to me by Dr. Hardy or was gawed in
studies made of patients at the Trudeau Foundation.

In cases of the chromc thsease the laboratory findings have been stk
ing esseutially because of the absence of abnormal values Only occasiona!
findings have been made that might be interpreted as indicating damage
to the liver.

The amount of serum phosphatase is commonly used as a measure
of liver function, and 1 know of only 2 cases n which 1t was mcreased
beyond the normal level—moderately m one case and shghtly in the
other How this fact 1s to be mterpreted is rather doubtful.

We are dealing with a very small group of patients, and any conclu-
sians as to the causes of the phenomena noted in the laboratory are
certamly not warranted at this time, It is mteresting, however, that one
patient with a hdney stone showed a serum calcium level of 117 mg
per 100 cc. and also an ncrease mn the serum phosphatase

One observation has been made in more than one or two cases a rathet
striking mncrease 1 the serum globulm, Tt is unfortunate that in the
early days the disease was regarded as stuctly pulmonary, and few bio-
chemcal studies were undertaken, but the amount of serum globuhn has
been determined m 7 cases, and of these patents, 4 showed a defimte
increase i the serum globulin, the values ranging between 38and47 ";:a'
per 100 cc Determmations of the globulin fractions were made by ‘;
electrophoretic method. An mcrease 1n the serum globulin was observt“
10 more than half the cases studied, and T believe that this phenomenon 15
related to the illness, and 1s not merely comcidental 1 beheve that these

i Tmorn-

findings must be taken as evidence that the disease js not purely pul o
ary, but 1s We such mcreases in cases of distur]

. 2 elieve

Iner function In the disease which we are discussing, however, I bm "

11
the lugh serum globulin levels are out of proportion to the re; er
other Liver function tests and should not be taken for cv:d;‘nc: o on
disease Increased serum globulin often is associated with the {0
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of antibodies, but whether such a mechamsm develops m this obscure
new disease 1s highly questionable

In this conrection the fact might be worth mentioning that the sedi-
mentation rate was elevated i about half the cases of the delayed
type of pulmonary disease in which the rate was determmed In the
acute form of the discase the sedumentation rate apparently s not
mereased

The phenomena which I have mentioned I consider secondary mant-
festations of the disease 1 agree absolutely with what Dr Howland said
abaut the biochenueal approach to this disease, we should not be satisfied
with an attack on secondary problems, but should dircet our mvestiga-
tions mainly toward a knowledge of the metabolism of berylum 11 the
body and of the effect of berylum on cellular metabohism. Before we
can amve at a reasonable understanding of the varions phenomena of
ths disease, we must learn, for mstance, what the state of bervlum 1s
in the body fluds, when berylum is present, does it occur only in the
form of 10ns? Is the tovue agent possibly an morganic compound or 1s
it present i organic combtnation® I do not now the answers to these
questions, and wonder whether anybody else does

Another questton of considterable 1mportance concerns the solubihty
of beryllum phosphate, as this property must determne the mechanism
of the deposition of this compound in the bones Inf;
might give us a lead on the possiblity of mfluencing the evcretion of
beryllrum or 1ts retention m the body by admmistering calcium

We must study the effects of beryllum not only on cells and cellular
metabohism but also, particularly, on sarious enzymes Through such
studies we may be able to arrve at an understanding of this puzzling
disease and possibly devise a rational therapy

on ths potnt

Further Discussion

orR arMeenFr  Dr Nickson, dud you study patients actually suffering
from the discase, winch supposedly 15 due to beryBum, and if so, in any
type of test were lugher valwes frund than those we have heard of as yet?
bR ateasox,  Unfortunately, we have had no epportunity to study the
metabolic changes m lurman bemgs with climeal iilness attributable to
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berylhum poisoning; we have made no tests with any sabject suspected
of such illness.

pR. LEMPERER.  Dr. Grier, have you observed any disturbance of Jiver
function in cases of the acute disease?

DR. CRIER. As far as I know, no tests relating to hepatic function were
made in such cases A few of the patients showed high levels of serum
globulin

bR, KLEMPERER  Dr. VanOrdstrand® stated, I think, that the results of
all laboratory tests i the Ohio series of acute cases were negative. 1
wonder if any of the tests mentioned by Dr. Nickson were made in the
Ohio series,

DR, vaNORDSTRAND®  No, none of those tests were made

pr scorvavaceurr I should hike someone to give us a list of the tests
we should make so that 1 the future our data will have value for purposes
of mterpretation.

pr sLcarescn: The fact that certam tests give abnormal results with
some mdividuals exposed to beryllum does not necessarly mean that
these indmiduals are the ones who will develop the disease later.

pr scorvAvacci  Perhaps my question was misunderstood 1 have one
patient, hosplmlized now, who I am sure has pncumonitis, whatever the
cause. He has been exposed to berylhum Are there tests which 1 should
make so that certan data wall be available for future reference in the
study of lled berylum p itis?

on. xeEsPERER W are interested mn all liver function tests, for many
We should Iike to know the
te,

metals have a predilection for the hver.
serum globulin level It might be good to know the sedimentation Tal
too.

pr. nowraxp: 1 think we are in the position of not knowing
study. For our program m connection with atomic energy, we sel i
certamn hwer function tests because we were familiar with the tech“:cd'
and also because the associated pathology was thought to be comutlc i},
with the liver ta a certain degree. It 1s certainly impossible tf: Lnn\:'"\f ::\g
of a group of tests to do As I have indicated, some tests gtve surci,:fs -
results, whereas others .'lppnren!ly are of no valee In any casc

what to
ected

* See Chapter 8 (Ed)
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clnical illness, 1f you were 1 a position to “throw the book™ at the patient,
you could see what you had when you were through Perhaps it ss only by
such methods that ultimately we can prck out 1 a purely empinical way
the tests which do have value

Whatever mformation you can get should be made known to others
domg the same type of work, so that eventually we can sort out the
spectfic tests which appear to yield valuable nformation, and can stop
making the tests which are of no value Does that seem reasonable to you,
Dr Klemperer?
br xtrvrerer. 1 certunly agree
bA. sisoy  Were any bromsulfalem tests done?

DR xLFvPERER, From Dr Hardy I have hnowledge of two bromsulfa-
lem tests, in both of which the results were normal

DR wiLso¥  In Salem we have started a series of tests in a few cases, and
}m\e observed no metabolic changes I should hke to ash about the

1 1 rol 1

ip of m serum globuln to the onset of
S)mploms Were high globulin levels observed early at the onset of
symptoms, or sometime afterward?® Patients with the delayed diseasce
often came o our attention not at the onsct of symptoms, but wechs or
even months later

DR KLEMPERER  Patients with the delayed discase have been studied
only when they werc severely sll This certamly 15 true of these studied at
Saranac Lake, and the Massachusetts cases you know better than [ do,
Dr Wilson

DR NranrLavy I thmk it 1s very mnportant to note that tests of Iner
function have been made only m the last stages of the pulmonary disease,
when the Iners of the patients were enlarged by extreme passne con-
gestion: We have no nformation on hver function m the early stages of
the disease

bR ateveEren I behieve tle Ievels of serum globulin obsenved m thas
disease are higher than those observed m cardiac enrrhoss

DR AanTLAND I still am under the impression that the extreme passive
congestion of the Iner observed m berylhum pononing, often 1 associa.
ton with extensive fibrosis, can explam some of the Ingh values for serum
globuln  Fuethermore, this granulomatous disease affectuig the lungs
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extensively, and the iver also in a few cases, is characterized by the pres-
ence of plasma cells, a fact which might explain the increased serum
globulin. For this reason, T do not see how tests for such increases can be
of any help toward early recogaition of the disease,

MEMBER.  One of the predommant symptoms of the disease is that all
patients suffer a tremendous foss of weight. In my expenence, serum
globulin levels rise with loss of weight,

ofi. KLeMPERER  The amount does not actually increase, the albumin
decreases proportionally In starvation you do not find serum globuha
levels as high as those abserved 1n some cases of the discase in queston
MEMBER:  In certamn expeniments which my associates and 1 seported in
the thirties, we did see a real mcrease in the serum glabulm

DR KLEMPERER But never an increase m the total protens, as in cases
of this new disease.

PR, MccanN 1 want to pomt out that epidemne hepatitis has become
widespread, with many mild cases In following up for a period of yexrs
patients who have had the condition, you will find that subclinical
relapses, which may go on for five or six years or even longer, dte
charactenstic of the disease. Studies of this hind were made in our chime
at the Unwversity of Rochester by Dr. Kamnberg who is now in the Pubhie
Health Service We followed up our mediwal students for a penod of
years. Hepatitis, of course, is going to come into this picture in thus new
disease and make the evaluating of changes in hver function almost
impossible,

I suggest the thought that the mncrease in serum globulm observed m
the beryllium cases may have a relation to the plasma cell reaction.
OR. VORWALD.  An mportant question has been raised but not nns\VL‘IC:-
T shall repeat e, what tosts of liver function and renal functon do the
biochemists suggest as a starting pomnt?
pn KLEAPERER: 1 have mentioned a few liver function tests, but I 'dﬂ
not say that these are the only ones that should be performed The :310?‘;:
of procedures may depend on the faciliies in a given Jaboratory. \';md
not really know whether some tests, which at present are consi Ede
liver function tests, measure Jiver function onfy. These tests c.i.n be ?:he
with single blood specimens, and do not requae pbservation o
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patient for a long period The biochemist naturally wants tests such as
those for 1 definitely gne

or glucose whc!
information on I er function,

1 don't believe we should restrict ourselves to ner function tests The
fact that the values found 1n some cases of the disease were abnormal
has directed our attention toward the hver In a disease of undetermimned
nature, the greater the vanety of tests that are made, the sooner some-
thing may turn up which will give us a lead

1 want to emphasize the fact that we have data on only 40-0dd cases
of the chronic disease, and that we do not know whether the metabolic
changes observed 1 some cases were due to the discase or were com-
eidental But the more climeal and lahoratory data we gather of all hinds,
the sooner we shall find an answer to the question about what tests we
should make
or Nicksox. I believe that our prelimmary studies are of some interest
because they raise the question of nonpulmonary systemic powsoning by
berylhum Our organization 1s unable to conttnue these studies, but 1f
some members of this symposium are stimulated to continue along the
same Ines, preferably with more heavily exposed subjects, our primary
purpose in reporting our studies will have heen acheved

Dr. Klemperer has crcumvented a question to which we do not know
the answer Tt may be that investigations with anmals will belp us to
find the answer, but I gather that such imestigations cannot be evpected
to give us the answer today or tomorrow, the work 15 gomng to take time
[n the meantime, we have on our hands a chmical problem wlich may be
attacked empineally.

1 should ke to make a plea to the chemsts for rapid, rehable, and
stmple methods of determunng, the amounts of berytlwm and beryllwm
compounds in air Such methods are a sme qua non m the study of tus
disease
DR HOWLAND  We carmot stress too strongly the singular fact that the

hepatic and renal pathology may be manifestations secondary to the
1 f

Such pathology may occur in mdiiduals prone
|u that type of reaction For ﬂus reason we need adequate controls such
as Dr Vorwald suggested, that 15, mdustrtil workers who are exposed
to berylium but are resstant to pulmonary potsomng by this clement
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and have not developed the disease. In such individuals we might find
some starthag phenomena

DR VORWALD, At this time I want to announce that the followmg mem-
bers of this symp have been app 1 to the nomenclature com-
mittee. Dr. Shipman, Dr. Howland, Dr. Sappington, Dr. Mayers, Dr.
Cranch, Dr Vorwald, and Dr. Sanders, Dr. Sanders wall act as chairman
of the commuttec,

DR BROpKIN:  May I inquire whether any of the members of the com-
mittce represent government agencies? I think the committee should
mclude at least one member representing a state or federal agency
on. vonwarp:  Governmental agencies are represented by Dr. Howland
and Dr. Mayers.
pr. prophIN: I should Iike to make a statement on the question o
nomenclature. As has been pointed out, in 1945 the Cleveland group and
the Massachusetts group called these discases berylium possoning that
15, berylum pneumonttis appearmng in workers exposed to beryltum In
1947 we are conducting a symposium n which more cases and muft
deaths are reported which confirm and support the papers pubtished in
1945. On Monday, the first day of the symposium, the majonty of the
papers scemed to propose by vcry weighty evidence that berylum w?s
the cause of the disease. At the Tuesday session, though, ne had again
heard some very damaging evidence against beryllium Yet there were
one or two speakers toward the close who went so far as to state that
we shouldn't mention berylhum as the cause, and they were d‘”"’. eme
phatic about 1t, because a bad reflection and unwarranted suspicion
would be cast upon the berylhum industry. n
I should like to pomnt out that a similar attitude was Auected !mm\lr
the mdustries 1 which sihea and ashestos wete used Nesertheless, sihe
costs and asbestosis were officially classified as occupational diseases
Now I would like to present this thought ta the committee for their m‘:
sideration, We may never screntifically reproduce the identical lesions ”
animals Leprosy 1s o case s pomt. Do we nced more deaths and :Y:l’w
respiratory cripples to convince us that berylhum ccmpaunds c(msll u,';
an industrial hazard? It is extremely important to decide whether lusle
or 15 not an industrial hazard If it 15, we must take steps to protect

3 re disabled
employees m these indnstries and to compensate those who 2
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m these industnies, otherwise, mdustry will continue to be beset with
one-hundred-thousand dollar cnvtl susts mstead of having them settfed
1n the compensation courts where they belong By properly nammg the
berglum compounds as an industrial hazard and naming the discase so
that berylhum is recogmzed as a causatise factor, we will take a definte
step forward and this sympostum will be frutful of 2 defimte contribution
tg industrial medicine.
pr. voawarp. Dr. Sander, charman of the nomenclature commuttee,
would like to make a few statements for that group. The Commuttee was
appointed to consider the terms that might best describe the pubmonary
condition seen m 1ndividuals having contact with berylium

o, sanpFr  For the acute phase, your commuttee deerded that acute
hal

is of beryllium workers |
patholomcally It certamnly 15 2 pneumonitis and it certanly 1s acute, and
until we have definitely menminated the berylhum radecal it would not
be correct, we feel, to call 1t berylhum pnewmonttis. But we recogmize
that this condition occurs 1w beryllum workers and Lave, therefore,

ly 15 the most descriptine term

indicated that 1t 15 definttely an eccupational disease

We are omitting the dermatitis cases ia thes title, but the dernatologests
take care of that very well There are many external antants o which
they have attached names, and we shouldn’t be concerned about that
We are primanly interested 10 the pulmonary phases anyway

We also are disregarding the upper resp v nntations by calling
this pneumonttis, but those are only early mantfestations of the resulting
. phary . tracheol hitis are just the forerunners

ln many cases, pncumomtis never develops The disabling condition,
however, is the pheumonttis, which we have recogmzed. So much for the
acute,

A\s for the chronie, the delayed changes, we have elected to call this
! Yy e of beryllmm workers The lesion which causes

i 1s primanly pul v, even though there 1 evidence that
there may be same systemic effect that 1 not definttely proved Until o
15, we folt that we should call this a pulmoenary disease, certamly, that
is the incapacitating feature The pathologe lesion 1 3 pure grannloms,
the umt Tesion, and we felt that it was more descnptive 10 use “eragy.
lomatosis™ in the title, thin to nse the Jess defimte “pucumanitss > T
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also has the added advantage that, when one is discussing these things,
each phase is eleadly identified. No longer will there be need for the
question. “Which pneumonitis do you mean, the acute or the chronic?”
When we say granulomatosis, everyone will know that we are speaking
of the clironic, delayed form.
bR \ORWALD. It seems to me that the terminology suggested will allos
differentiation of the two types. It will not inciminate one special ele-
ment, at least at the present tume, untl we are certain that that is the only
factor. It allows us latitude to change as we see fit. I urge that the views
of the commttee be pted The terminology, acute j s of
beryllium workers and pulmonary grantlomatosis of beryllium workers,
1s open for discussion from the foor,
or. BROpKIN 1 should bike to make a motion at this time that the com-
mittee be congratulated and thanked for its efforts.

{The motion was made and seconded.)
or. s1ARDY, Dr, Vorwald, needless to say, you would evpect to hear from
me. 1 am not at all disappomted about the loss of my term specifically,
but I do have two reservations One, 1 think it shonld be put to a ote
of the Saranac Symposmm. Two, I don’t lihe “granulomatosss” becwse
you can't make that diagnosis untif your patient 1s dead, That 15 2 poth-
ologic diagnosis All the rest 1s fine, but [ think we ought ta put the thing
to a vote.
R vorward  In view of current knowledge conceramg the delayed
form of the disease, the commuttee felt that specific reference to the
pulmonary condition could best be made on the basis of actual pathology
which m final analysis accounts for the most prominent clinical man+
festations of the disease. The pathologic lesion in the lung is & chronic
form of mflammation not unlike a granu} It 3s seen genog ed'-
ically and is panied by resp difficulies The term s“iies:nj
prlmonary granulomatosis w berylhum workers, d)ﬁerem\?tes 4 Cde
dition from the acute forms of the disease ‘The term permits @ latitu
for change shonld subsequent events Jastify {&

(A motion was made and seconded to vate on ¢t
d by the lature commnittec.)

he adoption of the

terms
bR propkin. I question the prapriety of puthng
1o a vote before this entue body, wiich 15 compose

this medical quesbon
d of lay and medical
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people It 15 my belief that 1t should be voted upon by the medical
members of the symposinn 1if we are to register our vote,
DR vorwALp You have heard Dr. Hardy's suggestion A motion has
been made and seconded, You have the comment by Dr Brodkn. Do
you wish to brng the motion that has been made and seconded to a
concluson by calling for a vote, or do you wish to vote that the motion
be delayed?

1t 15 obvious that you wish to vote on the termnology at this time.
A motion lhas been made and seconded What 15 your opimon by a
show of hands—do you accept the termwology as identified by the
commuttee® Those not m favor will signify by raising their hands
It 15 quite evident that you approve of the termmology which identr-
fies the acute phase of the disease as acute pneumomtis of berylhum
workers and the chronie or delayed phase as pulmonary granulomatosis
of berylhum workers.



CHAPTER 17

Pathology of Acute Experimental Beryllium Poisoning:
Changes Resulting in Venous Blood from the
Intravenous Administration of Beryllium Sulfate

JAMES K. SCOTT, M.D,”

Soluble beryllium compounds act as wntants when they come in contact
with tissues, for example, when they are mjected subcutaneously or
intraperitoneally, or when they are inhaled. For this reason one must
distinguish the local intation from the general effects on organs distant
from the site of admmstration The gross and mucroscopic observations
described 1 the following pages were mainly the results of two studies
In the first study, anmals were exposed to an atmosphere containing
beryllum sulfate dust During this experiment the principal lesions
occurred 1n the lungs, skin, and eyes The second study consisted of a
sertes of experiments in which beryllium sulfate was admumistered intra-
venously, for the purpose of defining the general effects of beryllmm
poisoming. Beryllium sulfate was used in these experiments because it can
be obtamned in fairly pure form, and because 1t was not beheved that the
sulfate jon would alter or mask the action of the beryllum When soluble
berylllum compounds other than berylhum sulfate were administered
mtravenously to ammals, the lesions of the hwer, kidneys, and hemo-
potetic system were the same as those resulting from beryllium sulfate.
Rats were used exclusively in the experiments described here, 1 which
the berylhum sulfate was admimstered mtravenously Guinea pigs and
rabbats were studied also, however, and the lesions pmduced i these
species were found to be much the same as those in the rat.

3
“ Head, Pathology Section, Divssion of Pharmacology, Atomic Energy Prore

Unnersity of Rochester, Rochester, New Yorl
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Local Effects of Berylum Poisoning

The jnhalation esperiment was carried out as follows Rats, mice,
guinea pigs, hamsters, rabbits, and dogs were exposed for six hours
daly for 2 penod of LI days to an atmosphere containing, beryllium
sulfate dust. The mean concentration of the dust was 83 mg. per cubic

a

sy
Dilaw 7w
e

B s

AN e el
N T
e =

&5

o’ o
S res st
o AR T i)

L RSLRE

VA
3

RIAH

P 78 Section of eve tssue, x 100, from s gumea pig Killed after
11 dws of expoure to an stmosphere contasnmg 5 mg - of bers Dram
sulfate dust ta ewch cubac meter of arr A comeal ulcer and evidence
of heratiss are shown {Iottom of atlustration)



CHAPTER 17

Pathology of Acute Experimental Beryllium Poisoning
Changes Resulting in Venous Blood from the
Intravenous Administration of Beryllium Sulfate

JAMES K. SCOTT, M.D.*

Soluble beryllium compounds act as irntants when they come in contact
with tissues, for example, when they are injected subcutaneously of
intrapenitoneally, or when they are wnhaled. For this reason one must
distinguish the local smitation from the general effects on organs distant
from the site of admenustration. The gross and mucroscopic observations
described 1n the following pages were mainly the results of two studies.
In the first study, ammals were exposed to an atmosphere containing
beryllium sulfate dust. During this experiment the prmeipal Jenons
occurred n the lungs, skin, and eyes The second study consisted of 2
series of expermments in which beryllium sulfate was admmstered intra
venously, for the purpose of defimng the general effects of berylhum
poisoning Berylhum sulfate was used 1n these experiments because 1t €%
be obtamed in fairly pure form, and because it was not beheved that the
sulfate ion would alter or mask the action of the besylum When soluble
berylllum compounds other than berylhum sulfate were ndmmism?d
intravenously to anunals, the lesions of the liver, kidneys, and hemo-
poietic system were the same as those resulting from beryllom sult"!'ﬂ‘v
Tats were used exclusnvely in the experiments descnibed here, in “'}"Cd
the beryllium sulfate was administered intravenously, Guinez pigs an
rabbats were studied also, however, and the lesions pmduced in these
species were found to be much the same as those in the rat.

Pro}
* Head, Pathology Section, Division of Pharmacology, Atonie Enerey e
Univeraty of Rochester, Rochester, New Yor
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Local Effects of Beryllum Peisoning
The iohalation expenment was carned out as follows. Rats, mmce,
gunea pigs, hamsters, rabbuts, and dogs were exposed for sic hours
daily for a period of 11 days to an atmosphere contaiming beryllum
sulfate dust, The mean concentration of the dust was 83 mg. per cubic
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T 78 Secton of cye tsne, x 100, from a gawea pig falled after
1L dass of exposure to an atmosphere containing 5% mg of bery lum
suffate dust o cach cubfe mater of we A comeal uleer and evidence
of Reratitis are shawn (bottom of {lfustratinn)



264

Preumoconiosis
meter of air, and the mean size of the particles was 4.5 micrans The
ammals which died (hm'ng the experiment were autopsied, and those

which survived until the end of the experiment were then killed and
autopsied
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Fic 79. Same section m fig 78, X100, howing the p;uuh)m evudate
m the anterior chamber of the eye (upper half of Whstraton).

Tidation,
The gross lesions seen in the Jungs at antopsy {ncluded ;o:::]; o
hemorrhage, and edema, of varying degrees Foci of emply
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Fi b0 Lung tssue from a gumea pig exposed m the same mmmer as
Uie animal which provided the speamens shown m figs 78 and 79 This
section shows mummal evidance of the pulmonary disease observed m
fumea pigs m snhlation expenments with beryllwn sulfate

Flo 51 Lung twue from a rabbit exposed to benvThum sulfate m the
$ime maaner as the gusner pig of B 80 The pulmonary pathology was
found to be more diffuse and mote severs m the nibbat than u the guines

e
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meter of air, and the mean size of the particles was 45 microns. The
ammals which died during the eperiment were autopsied, and those
which survived until the end of the evperiment were then hlled and
autopsied
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Frc 79 Same sccton m fig 78, x100, showing the purulent exudite
1 the antenor chamber of the cye (upper half of lustration)«

included consaldation

i en lungs at autopsy
The gross lesions seen in the lung: Sy e allr

i nphv
hemorrhage, and edema, of varymg degrees. Foci of empl



Fic 80 Lung tasue from a gumea pig exposed m the sume manner as
the anmal which provided the specimens shown 1n figs 78 and 79 This
scction shows munmal evidence of the pulmonary disease observed
gumea pags 1n mhalation expenments with berylhum sulfate

Fic 81 Lung twsue from a rablut exposed to berylum sulfate m the
same manner as the gumea pig of fig 80, The pulmonary pathology was
found to be more diffuse and more severe in the rabint than mn the gumea
e
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nated with areas of atelectasis and consolidation, On section some Tungs
were found to contam tiny purulent foci The extent of disease varied
considerably among the different species; the rabbits, rats, and mice
exhibited evtensne pulmonary disease, whercas the guinea pigs and
hamsters showed a mimmum ot lung lesions,
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Fic 82 Tissue specimen, X180, showmg the bronchial ﬂnd). :d\e:;lr-:
cxudate in a guinea pig which for 11 days breathed an atmosphere
taning 88 mg of beryllum sulfate in each cubic meter of air

The eyes of the gumea pigs and dogs developed cunjuncnwh; ::\::"‘jg
the course of exposure, and i some ammals corneal opacity Was O3 o
The dogs developed ulcers of the nosc and feet, with abundant gr
tion tissue appeanng about the ulcers.

On microscopic exammation the discased eyes shi
twitis and heratitis. In some ammals corneal ulcers e
the cornea was replaced by organizing granulation tissuc,

owed pcute conjune:
were seen in which
m such an



Pathology of Acute Experimental Berylum Porsoning 267
eye a purulent exudate was observed mn the anterior chamber (figs 78
and 79) The shin lesions of the dog d of a superfi )l i
of the epithelium, the base of the ulcer consisting of granulation tissue

7
Fic 83 Tissue specmen, x120, showing the uleeration and hyper-
Phasia of the bronchinl epithebiom 1n a rat exposed to beryllum sulfate
1 anr 1o the manner previously desenbed

The pulmonary lesions resulting from exposure to beryllum sulfate
dust were fundamentally much the same 1n all the species exammned, i its
extent and degree of seventy, however, the pulmonary disease vaned
widely among the different species (figs 80 and 81) Intra-alveolar edema
of varymg degree, accompanied by some interstitial edema and by
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thickening of the alveolar walls, was the earliest disturbance observed
in the lungs Collars of fluid were seen about the larger arteries. This
phenomenon was followed by an exudation of neutrophils and phago
cytic cells into the terminal bronehi and the surrounding alveolar sacs
Many of the cells of the exudate disii d, This disi i

- r 'q‘wg"
¥ - /';’,'
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Lot a Lot X%

]
A.:J « 4 e

%200, showing the orgamzation of the

e ol cvmate ot o i sulfate (o e for 13 days:

bronchial esudate 1n a rat exposed to bery]

on. m the terminal pronchi
somewhat granalar, deeply
clear debris

resulted m a fauly characteristic tissue reacty

and some of the surrounding alveolt a dense,
i L

eosmophilic coagulum occurred which contained much !
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(fig 82). Ulceration of the smaller bronchu, of varymg degree, apparently
was followed by an exuberant overgrowth of the bronchial epithelium,
which sometimes formed adenomatoid nests, In the more discased areas
the bronchial epithelum extended mto the alveoh, linmg the alveol with
a layer of cuboidal epithelum (Bg. 83). Little orgamzation of the
exudate and little fibrosis were observed, probably because the experi-
ment was of such short duration. Occasionally, however, fibroblasts
were observed growing into the exudate (fig. 84) In many lungs small,
uregular structures of a homogeneons blue color were seen, these bodies,
the composition and sigmficance of which are not known, were observed
in many animals recewving different beryllum compounds by different
routes

General Effects of Berylum Poisoning

Animals recerving soluble beryllium compounds developed lesions
organs and tissues distant from the site of admunistration Such lesions
most often were observed to follow mtravenous or mtrapentonecal admimn-
istration of the berylhum compounds, but occurred also in some species
after ingestion or mhal of the pounds. In the inhal expert-
ment reported here, the mice showed varying degrees of liver necrosis,
and the rabbits and rats showed necrosis of the renal tubular epithelnm,
To make possible more precise charactenzation of these lesons, beryl-
hum sulfate m different doses was administered intravenously to rats,
the ammals being killed at intervals (usually of one day) thereafter, and
the organs examined

Inasmuch as the severity and even the development of lesions depends
to some extent on the dosage, some statement should be made concern-
g the toucity of berylum sulphate for rats. The mtravenous L D 5, of
hydrated beryllum sulfate (BeSO4 4H:0) 15 approuimately 7.2 mg per
hilogram for whnte female rats of the stram used mn this laboratory and
weighing between 175 and 200 gm An occasional rat recewing 6 mg.
per hilogram has died and an oceasional rat receiving 8 mg, per hlogram
has survived,

Gross Changes Oserved 1n Rats Recening Berylfum Sulphate Intravenously
When rats have been gnen large doses of beryllium sulphate ntra-
venously (15 mg/hg or more) they usually die three or four days
later An exudation of find mto the serous cavities and petechiae has
been observed in such animals. When smaller doses, around the LD 30,
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were given this was not usually seen The spleen was enlarged, two or
three times, the capsule was tense, and it had a deep purple color. In

animals dymg three or more days after mnjection, icterus was always
observed,

N Lt ey .‘

fatra-

Fic 85 Hepatic tissue, X120, from a rat hilled 5 d.\ys] after n:f lgordv
perttoneal mjection of 20 mg of berylhum sulfate per blogram

only a
weight This specimen 1llustrates the extensive necrosis which left only
layer or two of viable cells, seen 1n portal areas

Microscopic Findings . en beryl
Liver necrosis of the liver cells was uniformly ubserv;zds\‘m e o
lm sulfate was admimstered wmtravenously i doses o g
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more The extent of necrosis seemed to be roughly proportional to
dosage, thus, the Inners of anunals s g 6 mg/hg ty
showed only small focal necrosis whereas those receiving 7 or more
mg /hg usually showed widespread necrosis, sometimes so edensive

o

M Plog®
Y, > « e
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Fic 86 Hipatic 1ssue, x400, from a rat hiled § days after an intra.
venaus mpeetion of & mg of berylhum sulfate per Kilogram of body
weight Small nudzonal neerotic areas, the earliest hiepatic lesions ob-
served m experiments wath this dosage, are shown

that only a layer or two of viable Liver cells remamed about the portal
areas {fig 83) The simallest Jesion consisted of a focal area contaming
a few necroic cells 1n the midzone or the paracentral area of the hver
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* lobule (fig. 86). The liver cells became swollen, assumed a deep homo-
geneous eosin stam, the nuclei became pyknotic and later disappeared
completely This hver necrosis did not become evident until the third

day after admumstration of the berylhum sulfate During the following

Frc 87 Hepatie tissue from a rat Lilled 4 days after an mgr-;.\;enTU:"s
mjection of 6 mg, of beryllium sulfate per hlogram of body w;xg 3
specimen, X130, shows hiquefacton and absorption of Iver cells

e gradually Iysed

the necrotic cells wer
three days (fourth to sixth days) the necrotic e orea 1

and disappeared (fig 87). After disappearance of the



Pathology of Acute Experimental Berylhum Poisoning 273
mamed which consisted of the connective tissue framework of the hver
and the sinuses A few mononuclear cells and occasional polymorphonu-
clears were seen m these focr The retienlom and connective tissue was
unaffected by the berylhum (fig 88) On the sivth or seventh days

Fic 88 Hepatic tissue, 2100, from a rat fatled 8 davs after an injec-
ton of 8 mg of berylium sullate per kilogram of bodv weight Tlns
specimen, stamed with Wilder reticulum stam, shows the preservation of
the retientum.

regeneration began as evidenced by an increased number of mitoses.
The spced with which regeneratian proceeded depended on the extent
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of the lesions but in all eases it was completed by the end of two weeks,
at which time the hvers were microscopically normal. There was no
evidence that growth of connectrve tssue was stimulated, and no scar
has ever been observed after a swgle mtravenous injection, Considerable
disturbance of the fat of the bepatic cells as mdicated by Sudan IV stains

il ot 400, from a rat
Fi 89 Section of the mner third of the renal cortex, X400,
Lilled 6 duys after an intravenous wjection of S mg of berylum S"H;ff
per kilogram of body weight Note the isolated cells wath pyksotie nuclei

was observed. The necrotic cells contmned a small amount of finely
dwided fat which took brownish staius The viabile and apparently nor-
mal cells which surrounded the necrotic focr contamed large flroplets
of fat taking the usual deep orange stun, The fat was observed n thte}se
cells after the necrotic cells had disappeated and was present in the

vo weehs after
cells which replaced the necrotic cells, Two weel

5
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the berylllum sulfate was administered no stamable fat was found in
the lwer,

Kidney changes. renal changes have been observed in animals recerv-
mg beryllium sulfate 1nts ly, mtraper: Iy, and by mhal
The lesions consisted of necrosis of tubular epithehal cells, the process

Fi, 90  Renal tissue from a rabbit killed after 11 days of exposure to
an atmosphere contaming 88 mg of berylium sulfate dust per cubic

meter of ar Necrosis and desquimation of tubular epithelial cells are
shown

mvolung mainly the distal third of the proximal comvoluted tubule.
Tlus necrosis was never widespread and wsually only a few cells i each
ficld exhibited degeneration changes The first changes obsenyed occurred
three days after admmstration of the beryllum sulfate Intravenously
and consisted of a change from the finely granular appearance of the



274 Prevmoconiasis

of the Tesions but in all cases t wus completed by the end of two week
at which time the lvers were merascopically nommal, There was n:
evidence that growth of conncetive tissue was stimalated, and nr; scar
has ever been observed after 4 sngle ntravenous m[ocﬁ«m.‘ Considerable
disturbance of the fat of the hepatic cells as indicated by Sudan IV stains

Fic 89 Scetion of the tner third of the rensl cortex, X400, from a rat
killed 6 days after an intrascuous myection of § g o heeyllurm sulfate
per Mlogram of hody weight, Note the nolated cells with pyhnatie nucled

was abserved The necrotic cells contamed @ stall amount of finely
divided fat whicli tonk browtush stuas, The viable and apparently nor-
maf cefls winch surrounded the necrotic foct coniained Jarge dreplets
of fat taking the usual deep orange stas The fat was abserved in these
eclls alter the necratic cells had disappeared and was present in the
regeneranng cells which replaced the neerotic colls, Two weeks after
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tubular epithelial cytoplasm to 3 homogeneously eosin staining cyto-
plasm, the nucles of snch cells berame pylnotie {figs 89 and 90j. These
cells were desquamated and were seen in the lumen of the tubules In
the rabbsts, alter inhalation of berylhum dust, in additon to the abave
changes, there was some necrosis of cefls Ining the Joops of Henle and
a marhed dilatation of the collecting tubules, Renal lesions were pro-
duced 1n rats following mtravenous adwministration of § mg /kg; this dose
only oceasonally caused minimal liver lesions The extent of the renal
Jesons did not seem to be proportional ta the dosage, that 1s, the lesions
praduced with 2 dasage of 5 mg. kg, were a5 great 25 those preduced at
7 mg.,’kg. No explanation can be offered for this pecubar response.

Spleen: microscopic changes were observed in the spleen only when
doses of the L Ds or greater were used, The prneipal change seen was
2 marked congestion of the sinusowds in which large amounts of nuclear
debnis were found, Active lymphoid nodules disappeared. The lympho-
cytes showed a clumping of the chromatin at the periphery of the nucleus,
this was proPably followed by karyortheds aud the disntegrated nuclel
supphied sonje of the nuclear debris tound in the pulp, This resulted in
a marked decrease 1n the number of nucleated cells in the spleen

The bone marrow and the lymph nodes showed changes simlar to
those of the spleen but much less marked, The bove marrow also ev-
nbited a granuloeytic hyperplasia.
Changes Resulhng in Yenous Blood from infravencus Admmstranon of Berylum

Sulghate
The wterpretation of changes in the blood elements aftes administra-

tion of berylhum sulfate by routes other than the mtravenous s difficult
or umpossible because beryHum acts locally a5 an irritant. When admn-
sstered ntravenously, there is no local mflammatory reaction and any
changes occurnng must result from generalized action of the compound
which, at least for a period of time, 1s carned to most of the tissues of
the body.

The procedure n this experiment was sunply to follow the blood
conats, usnally dafly, for two weeks or longer after a single intravenous
injection of beryltium sulfate. The doscs of berylm sulfate tetrahydrate
were 72, 50, 30, and 15 mg /hg. Eight rats were nsed at each Jevel.
Figures 91, 92 and 93, indicate the avetage counts of the different
clements from the 8 animals at each level
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The red counts at doses of 72 and 50 mg /hg showed a slow elevation
during the first three or four days after admustration of the beryllum
sulfate, this was followed by a precipitous drop m count which returned
to normal about two weeks after the imjection On about the fourth day
after the admimstration, there was a rapid increase m the percentage of

Rercvlonpien
et eroprd

RETICULOCYTES 1N PER CENT

46D LOCD CELS IN MILUONS

7 )
DAYS AFTER EXPOSURE

Fic 91 Average daly changes mn the reticulocyte and erythrocyte
counts of rats after the mtravenous mjection of hydrated beryllum
sulfate Averages are shown for four groups (8 rats per group) recewving
different dosages

reticulocytes and nucleated red cells This anerua and reticulocyte re-
sponse falled to develop m ammals recerving less than 5 mg /kg (fig
91)

No definite statement can be made concermng the cause of this anemia
However, 1t would appear that during the period of three to four days

foll of the compound there occurred concomitantly
akh and an nt; lysis of red cells, this was fol-
lowed by a return of the plasma volume to somewhere near normal The
hemolysis with resulting anemia must have begun at the time of admm-
astration of the compound since the reticulocyte response occurred on the
fourth day
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fection of ben Riuy, sullate, The doves of beny T sullate tetrdy dryge
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The red counts at doses of 72 and 5 0 mg /kg showed a slow elevation
during the first three or four days after admunstration of the bery lium
sulfate, this was followed by a precipitous drop m count which returned
to normal about two weeks after the injection On about the fourth day
after the admuwstration, there was a rapid mcrease in the percentage of

For ooyt

RETICULOCYTES 1N PER CENT

RED HOOD CELS IN MILLIONS

7 T
BAYS AFIER EXPOSURE

Fic 91 Average daly changes m the reticulocyte and erythrocyte
counts of rats after the intravenous injection of hydrated berylium
sulfate Averages are shown for four groups (8 rats per group) recenymg
different dosages

reticulocytes and nucleated red cells This anemia and reticulocyte re-
sponse fasled to develop m ammals recewing less than 5 mg /hg (Bg
91).

No definite statement can be made concernmg the cause of this anemia

However, 1( would appear that during the perod of three to four days
foll

of the 7 d there occurred concomtantly
10n and an lar lysis of red cells, this was fol-
lowed by a return of the plasma volume to somewhere near normal The
hemolysis with resulting anemia must have begun at the time of admu-
astration of the compound smce the retieulocyte response occurred on the
fourth day.

al
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tubular eprthelal eytopl to al ly eosin staining cyto-
plasm, the nucles of such cells became pyknotic (figs. 89 and 90). These
cells were desquamated and were seen i the Jumen of the tubules, In
the rabbits, after inhalation of bervlm dust, iv addition to the above
changes, there was some necrosis of cells lining the Joops of Heple and
a marked dilatation af the collecting tubules. Renal lesions were pro-
duced in rats following it Immistration of § mg, sk ; this dose
only oecasionally caused munimal liver Jesions The extent of the renal
Yesions cid not seem to be proportional to the dosage, that is, the lesions
produced with a dosage of 5 mg skg were as great as those produced at
7 mg kg No explanation can be affered for this peculiar response.

Spleen microscopic changes were observed m the spleen only when
doses of the L 1., or greater were used. The principal change seen was
a marked congestion of the smusords in which large amounts of nuclear
debns were found, Actsve lymphoid nodules disappeared, The lympho-
cytes showed a clomping of the chromattn at the periphery of the nucleus;
this was profably followed by karyorrheais and the disintegrated nucler
supphed some of the nuclear debris found m the pulp. This resulted 1
a marhed decrease 1 the number of nucleated cells i the spleen.

The bone marrow and the lymph nodes showed changes similar to
those of the spleen but much less marked The bonc marrow alse ex-
hibtted a granulocytic byperplasia.

Changes Resulting m Yenous Blood from Intravenous Administratson of Berylhum
Sulphare i
The interpretation of changes i the bload elements after administra-

tron of berylhum sulfate by rontes other than the mtravenous is difficult
or impossible because beryllium acts locally as an yrritant. When admin-
sstered mtravenously, there 1 o local weflammatory yeaction and any
changes occurnng must result from generalized action of the compound
which, at Jeast for a pertod of tume, is carried {0 most of the tissues of
the body.

The procedure m this experrment was simply to follow the blood
counts, usually daily, for two weeks or Jonger after a single wtravenous
injection of berylium sulfate. The dases of beryllium sulfate tetrahydrate
were 72, 50, 30, and L5 mg /kg. Eight rats were used at each level
Figures 81, 92, and 93, indicate the average counts of the different
clertents from the 8 animals at each level.
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The red counts at doses of 7.2 and 5 0 mg /kg showed a slow elevation
duning the frst three or four days after adnumstration of the berylhum
sulfate, this was followed by a precipitous drop i count which returned
to normal about two weeks after the mjection, On about the fourth day
after the admimstration, there was a rapid increase m the percentage of
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BAYS AFTER EXPOSURE
Fic 91 Average daly changes n the reticulocyte and erythrocyte
counts of rats after the mtravenous mjection of hydrated berythum
sulfate Averages are shown for four groups (8 rats per group) recewing
different dosages

reticulocytes and nucleated red cells This anemia and reticulocyte re-
sponse failed to develop 1 ammals recerving less than 5 mg /kg (fig.
a1).

No definite statement can be made concerning the cause of this anemia

Hoywever, 1( would appear that during the period of three to four days
foll

of the p d there occurred concomitantly
and an mnt lar lysis of red cells, this was fol-
lowed by a return of the plasma volume to somewhere near normal The
hemolysis with resulting anemia must have begun at the time of admn-
sstration of the compound since the reticulocyte response occurred on the
fourth day.

a
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tubular epithehial eytoplasm to a homogencously eosin staining cyto-
plasm; the nuclei of such cells became pyknotic (figs. 89 and 90), These
cefls were desquamated and were seen w the limen of the tubiles, In
the rabbits, after inhalation of berywm dust, in addibon to the aboe
changes, there was some necrosts of cells lining the loops of Henle and
a marked dilatation of the collecting tubules. Renal lesions were pro-
duced in rats following intravenous adminustration of § mg. /hg ; this dose
only oceasionally caused mimmal liver lesions. The extent of the renal
lesions did not seem to be proportional to the dosage, that is, the Jesions
produced with a dosage of 5 mg. /kg were as great as those produced at
7 mg kg No explanation can be offered for this pecuhar response,

Spleen. microscopic changes were observed i the spleen only when
doses of the L.D 5 or greater were used, The principal change seen was
a marked congestion of the smusoids in wlich large amounts of nuclear
debris were found Active lymphoid nodules disappeared The lympho-
cytes showed a chimping ot the chromatm at the periphery of the nucleus.
this was profably followed by karyorrhenis and the dismtegrated nuclei
supplied some of the nuclear debrs found 1n the pulp This resulted in
a marked decrease in the number of nucleated cells it the spleen

The bone marrow and the lymph nodes showed changes simlir to
those of the spleen but much less marked. The bone marrow also ex-
Inbnted a granulocytic hyperplasia
Changes Resulnng in Venous Blood from intravenaus Administraten of Beryflium

Sulphate s o
The interpretation of changes m the blood elements after admmmtra

tion of berylum salfate by routes other than the intravenous js difficult
or impossible because beryllium acts locally as an wntant. \}'hen admin-
sstered miravenonsly, there is no Jocal inflammatory reaction and ang'
changes oceursing must result from generalized action of the u{mpmm{
whch, at least for a period of time, 15 carnied to most of the tissues ol
the body

The érucedure in this experiment was sunply to foﬂow‘ the b}v:t:
counts, nsuafly daily, for two weehs or fonger after & single mlr.;]te)rww
mnjection of berylhum sultate The doses of beryllwm snlfate trtmh} )( 11’
were 7.2, 50, 80, and 1.5 mg./kg. Exght rats were used at cac’ .Kmn(.
Figures 91, 92, and 93, mdicate the average counts of the differe
clements from the § animals at each level
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The red counts at doses of 7.2 and 50 mg /kg showed a slow elevation
during the fisst three or four days after admmstration of the berylhum
sulfate; this was followed by a precipitous drop m connt wiich returned
to normal about two weeks after the injection On about the fourth day
after the admunstration, there was a rapid werease n the perecntage of
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Fic 81  Average daily changes m the reticulocyte aud ervibrocyte
counts of rats after the intravenous mjection of hydrated beryllom
sulfate Averages ate shown for fonr groups (8 rats per group) secewving
dfferent dosages

reticuloeytes and nucleated red celis Tins anemis and reticalacyte re-
spanse faled to develop m ammals recewing fess than § mg /Ag (Ag.
N}

No dcfintte statement can be made concerning the causc of this anemia
Uawever, nt would appear that during the penod of three to four days
folk of the i 4 there occurred concomitantly
ahc and au mt ular Tysis of red cells, this was fol-
lowed by a return of the plasma volume to somewhere near normal The
hemolysis with resultng, anem must have begun at the time of admm-
wstration of the compound sce the rebienlocyte response oceurted on the
fourth day
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There was a marked mcrease in the total white cell count, reaching a
peak on the second to fifth day after administration of the '
This lenbocytosis was a result of an

absolute increase of neutrophils, The
number of neutrophuls increased from around a normal of 4000 per cubic
mm, to around 22,000 per cubic mm. The count then gradually decreascd
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Fic 92 Average daily absolute increases or decreases in neutmph]l]s n
rats after the mfravenous mjection of beryllum sulfate. Eth ‘hncd s| xo':vs
the average changes for a group of § rats recenmg a particnlar dosage.

hocytosi

and on the minth or tenth days app hed normal This I .
oceurred 1n all ammals at the levels of 72, 50, and ‘30 mg /hg, at 3
mg /kg. only about one-half of the :miml.l!s s::we'd ‘tl;xi fh;:%eg( ]f.ifg j);é
he most change i the pl Ar72
a s’:::urp drop m the nu:nber of platelets occurred on lhc} th;:d: ](Im)"a:i :h:
lowest powmt was reached on the swth, followmg :c . zendmim‘s.
gradual merease which reached normal about twoe weeks altm ! o
tration of the berylmm sulfate. When doses of 59, 30, and :Omxﬁ.ﬂ e
used, the platelet response was evactly the opposite. At g /hg
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there was a slight depression followed by a nse on the fourth day which
reached a peak of almost three times the control level on about the
seventh day, after this, the counts gradually d 15t
control levels after two weeks At levels of 30 and 15 mg /kg no m\m\
depression of the count occurred, and the counts began increassng twenty-

f

— — = 1350 mg [kg BeSO, 41,0
—— 300 mg [k BeSO, 4,0
500 mg {bg ReSO, 44,0
- 7725 mg /kg 8650, 41,0

ponbinepulie

PLATELETS IN HUNDRED THOUSANDS.

Vol

- 3 7 [ s 19 2
DAYS AFTER EXPOSURE

Fic 93 Average daly chmges i the platelet count of rats after the
mtravenous mjection of berylum sulfate Each group of § rats recened
a different dosage

four honrs after adwmmistration of the beryllum sulfate and reached
the peak on the 9th and 10th days (fig, 93).

Discussion
PHILIP C PRATT, M D.*
This 15 a very interesting paper, and I think it shows careful obsena-

tion and thorough study of the animals used 1n this expennment 1 was
* Pathologst, The Saranac Laboratory, Saranac Lake, New York
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mterested to note in the intravenous phase of the espersment the fairly
wide vanation n response to the lethal doses m that range, and in view
of that, I was interested m the apparent constancy of (he‘rs.\c(ion in the
hidneys to those doses.

In the paper, as I read it, Dr, Scott pointed out that the lesions were
constantly seen in the kidneys of the arumals given 6 mg., but in only
an occasicnal ammal given 5 mg. I'd Iike to ask Dr, Scott if he has an
explanation for this,

Concennng the dust concentratton n the eperiment, we measure
ours w miifligrams per cubic foot of air and by this measurement Dr.
Scott’s concentration comes out to about 3 mg. per cubic foot. In our
expenments we hase planned to put into suspension about 03 to 04 mg.
per cubic foot, about one-tenth of what Dr Scott was using Probably
this concentration which we intend to maintain js pretty high, so I thuk
be 15 correct m emphasizing that he is using a rather inordimately high

concentration
He didn't say anything about the range of particle size of the dust, and
there probably was a tendency toward clumping. which might produce

locahization w the b hal

We have done an mbhalation experiment with beryllinm sulfate. We
used 1t dissolved and sprayed 1t into the atmospbere the ammals were
hreathing. It 1s probably not as

: factory a method as Dr. Scott’s. In
our expertments we produced lesions Dike those he has found, there were
macrophages i the alveol, but the cells did not contain dust pasticles
because we were not putting dust particles m There was also shght
necrosts scattered i the hver, the matertal apparently beng absorbed
and actmng essentially the way it does when injected mtravenously

The photomicrographs that Dr Scott showed of Ius results with in’hai.')-
tion cestainly look very, very much ke the human lesion to me 1 can't
specifically say that T have seen it in the terminal bronchiole, but I have
seen it in the alveols, and I beleve Dr Scott has come very close to, sf he
hasn't actually reproduced, the acute human Jeston. However, the lesion
resembles n na way the lesion of the delayed form of the disease.

As far as Dr. Scott’s studtes on the blood are concerned, 1 think his

souldn't have any idea what to think of the
it might be

theory 15 very reasonable I v
platelet changes myself. However, the changes in blood,
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pomnted out, are not comparable to those in the human eases, which
depend on the mterference with pulmonary function

We have made a few observations of the changes i the blood
animals following ntravenous mjections In the mjection of zinc beryl-
Tum sihcate m repeated small doses, we have found, after two months,
that the total blood count 1s normal, but strikingly enough, that there
15 a reversal of the Iymphocy te-polymorph ratio T wouldn't try to draw
any conclusions from that, either.

Further Discussion

pr scotr*  This mhalation experiment will be desenbed 1n more detail
later In answer to the question about the kidney lesions occurnng at a
Jower dosage than the hver lesion the liver lesions were found con-
stantly at 6 mg /kg and only occasionally at § mg /kg , whereas the hid-
ney lesions were found at § mg /kg I'm sure a certan amount of beryl-
Lum must be excreted through the kidney, and this may produce lesions
much as m uramum poisontng,

pr PRATT, T was mterested in the wider vanation in dosage which
produced the lestions mn the kidney.

pr NEUAIAN  From Jooking over the mformation available on the chem-
istry of beryllum, 1t's faly evtdent that beryllum does not exist as a
dwalent son at physiologic pH It forms beryllium hydroxide or hydrate
m solutions above pH 50 unless certain complexing agents are present
Since the hydrate of berylium has a very lumted solubility, 1t 15 probable
that only the low dasages of beryllum reman soluble n plasma, thereby
fltening through the glomerulus and damaging the hiduey. Higher doses
may exceed the solubility of beryllum in plasma, thereby resulimg in
particulate matenal which could be taken up by the reticulo-endothchal
system, and deposited m the hver, This 15 entirely theory, wathout any
esperimental etidence, but it offers a rational explanation of the fact that
low doses cause hidney damage, high doses, hidney and hser damage.

D XLEMPLRER  Are solubulity data on Be(OH): avalable®

or. aruMas We June had several problems with the solubility of
Be(OIl), We are working on it at present
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or. xLEMPERER®  YVhat do you base the theary on, that the beryllium
son could not exist at physwolagic pH?P

pn, NEUMAN.  I'm sure you'll find data beanng on that pomt in the
litesature

MEMBER: I was wondering, what was the pH of the solution? What
was the concentration of the berylhum sulfate in the solution used for
wmjection and was there any effect on the site of the injection® How many
rats were used in each group?

or scorr' The pH was around three. The inections were made as
slowly as possible. No sclution was lost m the tissues.

MEMBER.  Was there any clot aroond the site of the injection?

bR, 5coTT  No, there was none, I have done a number of intravenous
mjeetions of beryllium sulfate on the same rat, using the same vein aud
have never observed a thrombus. In establishing the L D 5,, 20 rats were
used in each group,

measER;  The reason I ashed these questions was that if you take salts
of berylhum, you would have some effect at the site of the mjection

because of mcreased concentration 1 was wondering if you would have

complicated effects

pr scort: [ haven't been able to show any.

bR parkuLis. Were any specific control ammals given sulfates other

than berylbhum?

pn. scort  Sulfate jons of the concentration and pH of the beryllium sul-

fate used in these experiments had no recogmzable effect on the animals.

pr. putra. Did these ammals die that were exposed to the dust, or

were they killed?

vr scort. That will be brought out later Only the mice died, the

others were killed at the end of the experiment.

bR puTrA. Fourteen days aftcr the ead of the exposure?

pr scotr:  The exposure lasted 14 days, they were killed on the evening

they were taken out of the chamber,
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In order ¢, Obtain some prehmmary mformation on the effects of the
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Effect on Food Consumption: Records of food consumption were
kept for 2 male weanhng rats (28 days old) on a dret contamning 50 per
cent berylhum sulfate for a period of 180 days. The average amount of
food 1gested by these rats daily was about 7 gm., as compared with
about 15 gm for the contro] rats, Figure 85 shows growth curves and
feod consumption curves for these ammals
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Fic 94 Growth curves of rats{ 2 males per group) fed a diet containing
5 per cent hydrated berylhum sulfate,

, .
Pawed Feeding. In order to det whether the dep in

growth of the rats fed a diet contmmng 50 per cent beryllium su]iat;
was due enturely to reduced food intake, 2 control rats were fled;ncr
day an amount of stock diet equal in weight to the mpenmex;:a‘ (1 nz:.
cent berylhum sulfate) et consumed the day prevmv:ls byit ﬂ; ; i
mate brothers This regumen was continued for a period ol mli -tegi“
days At that time the rats recewvng 50 per cent berylhm’n :um; iy
the diet had average body weights of 91 gm as compared wit - mg "
for the controls, a difference of 42 gm. Growth L‘un'('s' :;m{ sm\; .
5g 96, Radiographs of the expermental rats shosed a rickets
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shows this peculiar condition in the distal end of each femur as well as
in the proximal ends of the tibas F 1gure 101 shows growth curves for
two other rats that were retumed to 3 stock duet after receiving 50 per
cent bery lum sulfate for a period of 40 days At the end of 100 days on
the stock diet these 2 rats had an average body weight 63 gm less than
that of the controls,
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Fic 96 Growth cunves of 2 male rats fed a dret cunt.umng 5 per cent
beryllum sulfate for 68 days, and then a stock diet for 52 days.

Effect of Single Dose (Twenty-four Hr ) Feeding ‘a} 5.0 I‘c;f?:’nlnB:;Zs
hum Sulfate. Frgure 102 shows there was no Tmncmb]c; 3 ; z(:) Om. o
consumption or growth of hwo weanling rats which were | ed P
berylhum sulfate 1 the dict for a twenty-four hour Ren; ol

Age os a Factor w the Tovicty of Beryllwm Sulfate in v(l .
rats (age 173 days) and two male rats (age fx’l da)ls‘)n“so;:;ws ploy
contaimng 50 per cent berylhum sulfate Figure i i
curves for these apimals At the end of sty days one o
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Fic 100. Skeleton of a rat fed a diet contammg 5 per cent beryllum
sulfate for 68 days, and then returned to a stock diet This radiograph
was made 122 days after the return to ordinary food Note the radiolucent
areas 1n the distal ends of the femurs as well as the proximal sections of
the tibias.
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Fic 101 Growth curves of 2 male rats fed a diet containing 5 per cent
beryllium sulfate for 40 days, and then & stock diet for 60 days
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dicd. At that time the average body weight of the two animals wag 222
gm as compared vwith an average smtial weight of 599 gm; an average
loss of 177 gm. In the sivty-day perod the eighty-ane-day-old rats
decreased from an average intal body weight of 930 gm. to 175 gms
a loss of 155 gea. Thus it seems that berylhum sulfate is more fowe to
older rats than to weaulngs (4 wechs old).

Thsee AXX ravs oF variovs aces (7 per croup) sen 0%
BERVLLIL M SULFATE IN TIE DIEY

Aterage Aversge Average

Starting, Age Bady Werght Wesght Change Aartaleey
28 davs 62 gm. + 20gm 172 days, sacnficed
% 62 + 8 74 days, sacnaficed
L. 330 ~181 94 days, altve
173 399 ~177 50 days, abive

Beavesiuys CansoNaTe

50% Dretary Level
Effect on Grouth, Two weanhng male rats (age 30 days; average

body wesght 64 gm ) were fed 50 per cent berslium earbonate in the
diet. These anunals lost weight steadily and died in 39 and 59 days
(fig. 104). Radrographs (fiy 105) of the tibul head showed the same
nckets-hke condition in these rats as was seported above for sats fed
50 per cent heryllm sullate,

Age as a Factor in the Toricity of Bergllium Cerbonate in Rats: Two
male rats (13D gm average mita) weght, age 49 days) were fed a et
contaming 5.0 per cent berylum carbonate, Growth curves (Bg. 106)
shaw that these rats fost weight steachly and died after mn‘e(ecn and
tharty-three days In these rats agam, the rickets-Jke condition of ;he
tilnat bead appeared. This may he seen in 2 radiograph (I?g 107) Raken
twenty-seven days alter the stat of the expernment. This rat (yhed m
Hurl}':thr['c da’ys’ The two control rats were then (age 93 days) !));;c(‘l’]
on a diet contamng 50 pes cent berylhum carbouate I(jr a ;;}cnim(;
swcty-ive days duning which time they madataied thelr weight { ;z; X 0‘:
In table XXXI 1t may be scen that in direct comtrast o the effec
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Fic 104 Growth cunves of 2 male rats fed a dhet contaming 5 per cent
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Inc 103

On the left 1s shown the tibsal head of 2 control rat, on the
night, the tibial head of a weanking rat after 42 days on a diet contaming
5 per cent berylhum carbenate
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Tante XXXI  nats oF vartous Aces (2 per crour) sep 50%
BERVLLICM CARBONATE IN THE DIET

————— e

Average Average Average
Startmg Age Body (Verghs Waeght Change Mortaliy
—are W TOTem

30 days 64 gm ~10 gm. 39 days, 59 days

49 130 ~50 19 days, 33 duys

99 248 0 none/65 days
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Frc 106  Growth curves of rats (2 males per group) fed 2 diet con~
tang 5 per cent beryllum carbonate.

X what more
beryllium sulfate as given 1n table XXX, mature rats ar¢ SOmeY hat
than are weanlings.

Hium Carbonate, The two
stock diet after seventy
arbonate These rats
spurt in
weight

resistant to beryllum carbonate m the diet
R y Following Ingestion of
mature rats (age 99 days) were returned to 2
days on a diet contaimng 50 per cent beryllium ¢ g
(now one-hundred-and-sixty-four days old) immeduately made &
growth and at the end of forty-eight days hff(] made ““(;‘S‘e""ge
gain of 40 gm. and appeared to be ‘normal animals (Bg. 108).




Fic 107 On the left 1s shown the tibual head of a control rat, on the
nght, the tibal head of a mature rat after 27 days on a diet contaming 5
per cent beryllum carbonate
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Fic 109 On the left 15 shown the tibial head of a control rat, on the
nght, the tibial head of a rat after 56 days on a diet contaming 23 per
cent berylltum carbonate
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23% Dietory Level
Effect on Grouth: Two male rats (130 gm inital weight, age 46
days) were fed a diet containing 23 per cent berylum carbonate for
a peniod of 102 days, at the end of which time these ammals had average
weight depressions of 53 gm when compared with the controls (Bg. 103).
At this dietary level the nclets-libke condition did not develap (sce fig
109).
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Fic 111 Growth cunies of 2 weanling male rats fed for 33 diys on a
dict contaming 5 por cent berylhum oade

BermiLtrost Merarn

Two weanling male rats (age 27 days, average body weight 58 gm )
were fed a diet containing 10 per cent berylum metal for a period of
seventy-five days Figure 110 shows that the experimental rats have grown
equally as well as the controls.
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BervLrioar Oxioe

Two weanling male rats (age 26 days, average body weight 54 gm )
were fed a diet contaming 5 per cent berylum ovde for a penod of
33 days Figure 111 shows that there was no effect on the growth of these
rats when compared with the controls,

Suatsary

At a deetary level of 5 per cent, beryllum sulfate and beryllum car-
bonate completely mhibited growth of rats and caused some mortality,
A nckets-like condition occurred 1 these rats. Food intake was reduced
by about 50 per cent but thus did not account for all growth inhibition
as shown by a pared feeding expertment Return to stock diet after a
prolonged period of mgestion of beryllum salt allowed rapid but not
complete growth recovery. An early recovery from rickets occurred, fol-
lowed by the appearance of a radiolucent area in the femur and tibia.
Beryllum sulfate was more tovic to old rats than to weanhngs, but with
berylhum carbonate mature rats scemed to be more resistant than
weanlings Beryllum carbonate at a level of 28 per cent of the diet
caused some weight depression m rats Berylhum metal at a 10 per cent
dietary level, and beryllum oude at a 5 per cent dietary level did not
affect the growth of rats.

Discusston
ARTHUR ] VORWALD, M D."

lated on the exact

Mr. Maynard and his collcagues are to be
manner n which they have conducted the experiments to determine the
effect of beryllum ingested with the diet. I am ghd to have their observa-
tions becanse the Saranac Laboratory has no controlled experiments con-
cerning the feedng of beryllum However, our inhalation experiments
have afforded some observations.

® Durector, The Saranac Laboratorv and The Trudeau Foundation, Saranac Lake,
New York
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We have noted a loss of \wwht m ammals eposed to atmosphenc
of berylhum It b to the food
which the animals ate The loss was no more severe, however, than in
ammals subjected to other forms of dust, In other expennments, in which
beryllmm was mjected intravenously or intrapentoneally, we have noted
a decrease i weight durnng the acuive phase of the expenment. As soon
as that phase was completed, when the ammals were allowed to vest
without repeated handling, they recovered
In many of our expeniments we have noted sclerosis of the shaft of
the long bones and some organization of the bone marrow Perhaps those
changes were but a part of the picture of general hyperplasia of the
lymphoid and hematopoletic hissues In this connection I should ke to
refer you to our expenments in which malignant tumors of bone have been
duced following the mjection of certamn beryllum com-
pounds meluding zine beryllum manganese sihicate, heryllum ovde, and
berylhum phosphate

Further Discussion

oR. kLeMrkRer  The appearance of nclets i young ammals fed on
beryllum has at times been accredited to the fact that no phosphate can
be absorbed 1 wonder whether you have data supportig this clum or
denymg 1?

MR MAYNATD | realize that the hterature has gone nta that at some
length, but I'm sorry we have no data on 1t

o vonwatp  Dr Klemperer, do you wish to comment on the mfluence
of bervllm on phosphorus and calem i the bones? Does berylhum
teplace phosphorus in the bones?

DR, KLEMPERFR It all lunges on the question of solubility of beryllum
phospl As we und, d 1t now, the f tion of bone 15 probably
duc to the focal iberation of morganic phosphate No one has pertinent

data on heryllum




CHAPTER 19

Certain Aspects of the Acute Toxicity of Beryllium
Injected Intraperitoneally

HAROLD C HODGE, PH,D,° WILLIAM L, DOWNS,
AND ELLIOTT A. MAYNARD}

L.D ;» dose determunatians based on 24-hour mortality were made for
vanous beryllium compounds by mntrapenitoneal injections m rats and
mice A few mjections were also made n rabbits and guinea pigs. The
results are given in the following tables

Taste XXXII  ats (25 PER GROUP) INJECTED INTRAPERITONEALLY WiTH
VARIOUS BERYLLIUA COMPOUNDS

Soluteon
Compound Solme (S)or Sec  Age LD
Agutons () g Ihg

Be oxalare ) & Mature 5
Be oxyfluoride [ ¢ Mature 13
Be oxyfluoride (¢S] ¢  Weanhng 2
Be sulfate-anhy drous (A) & Mamre 50
Be perchlorate {A) &  Mawre 0
Be sulfate-hydrate A & Macure 110
Be sulfazte-hydrate [©) o Macure 200
Be metal s) & Matre  (no 24+hr effect from 500)
Be carbonate (A) o Marore (0o 24-hr effect from 500)
Be oxide (A & Mature  {no 24-he effect from J000)

tHead, . ,, ,
Project, Unnersity of Rochester
298
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Taste XXXII  uce (50 PER GROUP) INJECTED INTRAPERITONEALLY WITH
VARIOLS BERYLELAM COMPOUNDS

Solutton LDw
Compound Salme (S) or Aqueons (4)  Sex Age mg 1kg
Be ovyflluonides ) Q@ Matore 3
Be suifate-hydrate A ¢ Matre 200
Be sulfxee-hydrate 16} ¢ Mawre 300

*omction of che 1D yo don of 33k gove mortaiy o 7 71w m i e 4738 T8t 10 wexming e

Tante XXXIV  RaBBITS INJECTED INTRAPERITONEARLY WITH
VARIOUS BERYLETUM COMPOUNDS

Compound ,w.,m Dase Dose (g g ) and Eﬂm

Be sulfare ® 1 8. %0 effect over pmlunked period. 43 snd 90, died 60
, 27, died 60

Be sulfate Ay 26, dueds duvs, 4 3 did s days, 9 0 died 4 davs

Be omde (A) 770, no effect over prolonged period

Be metal () 1000, no effect aver protonged period

Beoxyfluonde  (A) 1, died 4 weeks, 3, died 6 davs, 4, died 3 days

Tasie XXXV cUIMEA $IGS INJECTED INTRAPLRITONEALLY WiTIL
VARMOUS BERYLIILA COMPOL\DS

Compound__ Sulution _Dowe G kg and Effst

Be sulfate ST, 1,1, 22 days, 102, 16, 21 days. 204, 2,2, 4 days
Be ovide mm 10 effect over prolanged period

Be metal

70 effct over prolonged perod

From the above data it may be seen that the soluble salts of \u'r) Thum
are toxic o vanous degrees when injeeted intraperitoneally and that the
msoluble salts are practically nontoxic when so admimstered For some
unexplaned reason saline solutions were less toue than agueous solu-
tions Young (weanhing) rats and mice Wwere more resistant to the toucity
of berylhum compounds than were mature amimals

Discussion
MORRIS DWOTSKL M P ®
In the Siranac Laboratory, the cellular Tesponse m the pentoneal cavity

af the gumca pig has been employed rontmely to determime the towcity

* Bactenolognt, The Saramac Laboratary, Saranic Lake, New Yok



300

Pneumoconiosis

of industrial mineral dusts, utilizing the method described by Miller and
Sayers.#? The injected dust for the most part locakhuzes in the anterior
portion of the pentoneal wall and in the omentum There the progressive
appearance of the gross lesion and the cellular reaction have been used
as a basis for the classification of industrial dusts, This response falls

P
Ereey

T
7 29
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g 3es

Fic 112 Intrapentoneal reaction of a guinea pig to 2 cc. of a 10 per
cent susp of “aud-treated deh d slag” 5 days after mjection,

The reachion consists of focal eollection of polymarphonuclear lenkocytes
ahout & central area of necrosis

into three gronps. absorption. mertness, or prolferation. The absorptive
reaction manifested by calaite and gypsum, m which the dust disappears
from the pentoneal cavity without the production of scar tissue, vsually
mdicates a harmiess dust, while a proli ve reaction, char: istic of
varions forms of quartz, 1s considered harmful. In the inert reaction, the
dust )s not absorbed, does not imtiate cellular proliferation, or cause
necross The nadule of dust becomes flattened m Hme, and the dust is
casned over a large area of the peritoneum by phagocytes.

In the mest group one finds coal, siheates, siticon carbide, and alovte.
Gardner®® reported that a few silicates, like true tale, black mica, and




Acute Toxicity of Berylhum Injected Intrapentoneclly 301
some of the clay mmerals have provohed chrome smflammation, but this
reaction tends to retrogress after some months with no progression to a
stage of true fibrosis Further, Dr. Gardner believed that the peritoneal
tissue reaction to particulate dust may often be correlated with the results
of mhalation experiments and with elinscal observations

LRSI

2y
fis
Tt

[ic 113 Intrapentoncal reaction of a guimea pig to 2 <c of a 2 per

bs after mjec-
+ mononuclear

The techme 15 to mject a single 2 cc dose of a 107 suspension of par-
ticles, 1 to 3 microns m size, 1 0 85% salt solution. The 1-3 nucron fraction
15 obtamed by sedunentation from ground material Ammals are killed
after one, four, exght, and twelve months. Occasionally an ammal died
soon after the ijection, the time mtenval ndicating the degree of acute
toucity However, in these instances, which oceurred with several of the
beryltum compounds, a sublethal dose must be injected m order to ehait
a tissue reaction which may be iterpreted accordmg to the eniteria of
Miller and Sayers

A group of berylium compounds hase been tested m tlus Iaboratory
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carbide were weli toferated and observed for periods up to one year. Th

cellular responses were comparable At four months berylivm o):dde‘ n:
duced an actne cellular proliferation which tended to he PYO"N’SSX\’(:
about the dust mass (g 14). Itisa good example of the monocyic Hpe
aof reaction Berylhum earhide at four months also demonstrated the

& g . . e
B . e .&»."..‘.Q“j

Fic 116 Suyprawital staned cells present fn the intraperitones! fluid
Cte e woaa e SR e

tra) red and scattered fine dust particles Note the dust particles Jymg
free m the fud. » 1000

marked proldferabion of actve n ytes and giant eclls, and a dense,
fibrous capsule was present (fig 115) Here again one is inclined to sug-
gest a possible simianty between the pulmonary graowlomas followmg

i to berylhum comy ds and the p t mass of prold
monocytic cells present w the pentoneal tissues

Tt 15 difficult to use the Miller-Sayers classification to interpret the
harmful pnenmoconiotic potentialities of the berylhum compornds
These dusts ineste a marked early nflammatory esponse followed by

1

the stimulation of active manocytes, , and foreign-bod;
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gunt cells, often with fibrous encapsulation of the dust mass. These
compounds react differcntly than any inert dust so far observed, How-
ever, no true Bbrosis or fbrotic nodules are produced and the character
of the reaction 1s in no way companable to the quartz response. There-
fore, the reaction of these insoluble berylttum contpounds may form the

Fie 117 Suprasital stamed cells present in the mtrapentoneal fuid of
a gumea prg from the syme senes represcted by fig 116, but 10 days
abter mjection The mononuclear phagocytes are now of the large macro-
phage type They exbulnt globules of neutral ved and masses of dust
particles Note the absence of estraceflilar dust By this tune practically
all of the dust particles have been engulfed by mononnclear phagoeytes

basts for an additional group m the interpretation of pentoneal tissue
response

Present Expermental Work

Dr Vorwald has suggested that mention be made of an expenment
now n pragress to obsene the cellular response m the pentoneal fuid
followmg the mjechion of herylhum compounds The purpose of the
experiment 1s (1) to note the distnbution and type of free cells and to
compare them with those fived m the tissue, (2} to obsene cell wjury,
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and (3) to measure the degree of phagacytosts Similar studies have been
made with the tubercle bacillus and with quattz
Pr-rxtnn.cnl taps are made at intervals and the cells are wentified by
+ the procedure described
>chuie the cells are hept

2o AR N 3

Fic 118  Omentum of a gunea pig 12 days after miraperitoneal in-
jection of 30 mg af zine berylwm sihcate. The omental masses of partict-

Yate dust are fltrated fear cells

alive. They are observed at 87° C wm a warm box The nuclef do not
stamn A stamed nucleus indicates ether an injured or a dead cell, By the
stamng pattern of the cytoplasmic elements with nentral red, it 1 pos-
sible to wdentify with conniderable certamty thie monacyte, the clasnsato-
cyte, the cpithehal cell, and the various gant cells. The distribution of
cells m a normal guinea pag's Buid 35+ polys 1 per cent, lymphocytes 20
per cent, monocytes 60 ta 65 per cent, and the remainder eoswophils,

Following the injection of 50 mg. of (Zn,Be)aS10; suspended m 0.83%
NaCl solution, there is an merease of the polys up to 50% for the first
forty-vight hours “The material consists of about 20 billion dust particles,
1 to 2 microns 1 size, and contains 2% BeQ The poly- and the mano-
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nuclear cells readily phagocytose the dust. Figure 116 shows monocy tes
with phagocytosed dust 24 hours after mjcction and free dust i the find
Beginning on the thiwd day the active monocytes and clasmatoeytes
domnate the pieture The dust 1s readily and sapsdly phagocy tosed, as
many as 40 to 50 particles bemng present 1o some cells, This compares to

e 19 Supravntal stawed cells present w the wtrepertoneal furd
ohtained fram anathies gumea prg of the sime senes as n Ry 116, but 33
days after mpection The monocstes by this ime appear normal and with-
out sumulation as evidenced by the distribution of the supravital stamed
globules The cells are now free of dust

an average of 5 pasticles of quartz at this tune At ten davs no free dust
15 seen 1o the fnd, thgh there are cells present with dust, There s
no apparent wgury to dust-laden eells Figare 17 shows a supravital
smear at 10 days the dasmatoestie cell predominating, and fig 118 15 a
fned-tissne pretuse of masses of dust surronnded and infiltrated by mono-
cytes and clasmatocy tes i the omentum at twebe davs

At thirh five davs no epitheliond cells are scen, and the cellular dis-
tnbarhion bas retitmad to nonmal {hg 139) In those ammals ingected
with quarty eprthehond eeie appear at this time From the obsen ations
at this tume with (Za Be) Sw)y contaunng 22 BeO, 1t can be mfesred
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that the cells scen 1 the flnd are comparable to those found in the fixed
tissue

It 1s interesting to speculate that the beryllium compound is sufficiently

liferation of yhic cells {granul

active to mcite |
but not potent enough to comert the mon ytie cell into an epi
cell, as m tuberculosis, or to injure the monocyte so that it is replaced
by a hyaline nodule, as mn silicosis

)
helioid

Further Discussion

e opworskt  Dr Hodge, how mmportant are the acid radicals i the
soluble beryllium compounds®

pn nooGe.  The ouide was found to have a low toxicity in rats, with no
deaths in twenty-four hours from 1000 mg, per kifogram of body weight.
The fluoride 1s known to be tatic Less of the fluandes (13 to 42 mg per
Aogram of body weight) was required to hill than of the sulfate (110
to 200 mg per kilogram of body weight)

Not being a cytologst, I am not competent to evaluate Mr, Dworshis
work, but it seems ta be extremely valuable, it is a step in the right direc-
tion 1 should Iike to compliment Mr, Dworski on this fine work.

MR pworskl I thank you, but credit for this work belongs to Dr.
Gardner.

One more question, were the suspensions aqueous or safine, and how
much did you wnject into an animal?
br, nonce  Are you mguirng about the concentration of the fluid, or
the amount of flmd 1 the suspension® The concentrations were not the
same for each compound. For the oxide, for example, a suspenslonlﬁf
50 mg per cubic centmeter was employed, whereas for the ovyfinoride
the solution contained 10 mg. per cubic centimeter.

MR pworskt It i really the amount of flnd, rather than the concentra-
tion, that I am asking about

bR, HopGE.  Our only rule is that in ntrapenitoneal injections We
give a rat more than about 8 cc m a sigle mjection, or a mouse more

than 1 cc.

never



CHAPTER 20

Preliminary Studies in the Toxicology of Beryllium:
The Effect of Intratracheal Injection of Beryllium
in Experimental Animals

CHARLES W LABELLE
AND
MARTHA REID CUCCI®

The expeniments to be described i the following pages were wtended
to provide approtmate answers to a number of general questions on the
toxcalogy of berylham, such as (1) the relative touaity of certarn indus-
trally mmportant compounds of beryflum, (2) the physiologic response
of the ammal body to berylhum, (3) the question of whether this re-
sponse 15 A acute response to be studied m short-term experiments, or
a chrome type of response requinng long-term studies, and (4) what
physiologic variables reflecting thus response can be measured m expers-
mental anumals The last question 15 especually mportant m a program
of small ammal research, since the hiterature relating to cases of suspected
beryllem tovicity s human bowngs abounds with references to such
chntcal symptoms as pam, malaise, fatigue, respiratory sounds, and
decreased vital capacty, all of whuch symptoms are dufficult if not mpos-
sible to measure w expernnmental autmals and which must be replaced
by other tests more appheable to these conditions

The technic employed for most of these studies imvohved the intro-
duction of solutions or suspensions of the materals to be studied mto the
lungs of white rats by mjection into the lumen of the trachea This
method has the advantage of Jocalizing the matenal in the lung, which
15 the organ which most often serves as the portal of entry into the human
body Another advantage 15 that the technic docs not require the engi-

* Feomy the Industnal Hyvgene Sevtion: Division of Pharmacology, Atonie Energy
Propeet, Unbversity of Ruchester, Rochester, New Yotk

309



wo
/0 oo
U o
/0

o
o
0 vo /o 20
o/
0 o 2o

, 15
o e 3
/0 k743 /0
e

oz
%o st
k444 €/t
2 1

or
/1

Preymoconiosis

$L
€T T (444
(444 /0 k%44

of
Ut Tt
i vt

St
s/o sho $/0

o o s/ 007
— T
#prioyys srfns ssfins | wefing spronging  dpuonyy  suing ey dpuogury  apreg
2wy st #ddon

g Gong

e 4q¥an Kpog
Y/ ds w Yasogq

e

5

$aNAGUINDD DITIVALN 33NIO 0NV
SANACIINOD WAITIANAE “IVITW JNAITIANTA 10 Sunrrnsfire =




mn

of Berylhum

y Studies in the

1

abrom 40§18 Rrw s o o
v apg 1 pator
LS cuvy b ot

1o ta
1’0 .
o zo {
z0 i
(44 z0 10 { oo
10 z0 10
To 1o (24 0 %0
fr i ste
17 T1 | wr
€T 0 sty
k] ol
224 To (4
Ut 131 133
¥/t 71 oF
L4 ! o
k43 Tt e
e (1] i ot
T k44 131
/2 ot
k444 /0 o€
1o ] or
o5
Al 70 | 1
€0 Qof
i s
7o | o8y
{ wu
i [ w7

e I\I)\Awlnww\
S vefe | vielpn | sjmg _spuenfisg ety wnd gy | Hewsgiry oo 1AV w¥arn (peg
oy iz wdded | - - Iy Su v groq

wrglag




32 Pneumoconiosis

neering studies prerequisite to the prep
mhalation studies. The method also permits the measurement of dosages
with a precision impossible to attain in inhalation studies.

ion of dusty heres for

P

The Measurement of Minimal Lethal Dosage

When the action of a foreign material on the living body is to be
studied, it is essential on the one hand to administer sufficient material
to insure the production of a physiologic response, and equally essential
on the other hand that the dosage be sufficiently small that the animal
does not die before the response may be measured. It was, therefore,
necessary to determine the approumate value of the minimal lethal dose
for each compound studied The general procedure was as follaws for
saluble salts, a solution was prepared approximately isotome with physi-
ologic saline solution One and one-half cc. of this solution per hilogram
of body weight was injected intratracheally nto groups of 2 rats each.
If erther rat died, the solution was diluted 1.3 with physiologic sahne
and 1.5 cc per kilogram of the more dilute solutjon injected into 2 more
rats This process was repeated using successive dilutions such as 1.3,
110, 1 80, 1 100, until a concentration was reached which kiled neither
animal within forty-eight hours For insoluble powders the material was
jon and the susp

suspended in saline at any
diluted where necessary with physiologic saline. The number of animals
dying within forty-erght hours 1s shown in table XXXVI. The effects of
3 other acidic salts are gven for companson The results may be som-
manized as 1n table XXXVII

The insoluble berylium matenals, berytum metal, the ovide, car-
bonate, and carbide, thus extubit a very low acute toxiaity in the lung,

TabLe XXXVII  APPROYIMATE MINIMAL LETHAL DOSE

s My metelfe
e b
Metallic beryltum ovet 200 over 200
Betyllium oxide over 200 over Zg
Betylliam czrbonate over 100 over »
Berylliom catbide over 100 over H
Berylhum fluorsde 15 ;
Beryllium sulfate 10 I
Berylum oxyfluoride® 1 0
Zinc sulfate !(1! 1
Copper sulfate
Mescarse chlonde 1 o7
walues for Be

' Assurtiog a formuls of 2560 5Beky aod which closely appeorlmated analyticatly deceemact
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whereas the soluble beryllum salts, the fluonde, oxyfluonde, and the
sulfate, have a tovicity comparable to that of the heavy metal salts, The
deaths caused by the soluble berylhum salts appear to be the result of
direct mechanical interference with normal Jung function Therefore any

I~

Corbapate

8
T

Cnrri:—

o}

CHANGE IN WEIGHT IN GRAMS
3
T

I Il t —L L
o o

E”
DAYS

Fic 120 Chnge m waght of rats following mtratracheal mjection of
insoluble berylhum materials

specific tovie effect of a particular berythum compound would be ab-

scured by such mechameal effects

Thirty Day Studies o Insoluble Compounds
Each of the msoluble benlhum matcrns sas mjected 1nto groups of
8 rats at a level of 100 mg of the substance per hilogram body weight



312 Pneumoconiosis

neering studies prerequisite to the preparation of dusty atmospheres for
inhalation studies The method also permits the measurement of dosages
with a precision 1mpossible to attain m inhalation studies,

The Measurement of Minimal Lethal Dosags

When the action of a foreign mateial on the living body 1s to be
studied, it is essential on the one hand to admimster sufficient material
to insure the production of a phystologie response, and equally essential
on the other hand that the dosage be sufficiently small that the animal
does not die before the Tesponse may be measured. It was, therefore,
necessary to determine the approvimate value of the minimal Jethal dose
for each compound studied The general procedure was as follows for
soluble salts, a solutton was prepared approximately 1sotonic with phys-
ologie saline solution. One and one-half cc of this selutien per hilogram
of body weight was injected intratracheally fnto groups of 2 rats each
1f erther rat died, the solution was diluted 1 3 with physiologic sahine
and 1.5 ce per kilogram of the more dilute solution injected into 2 more
rats. This process was repeated using it such as 1:3,
1:10, 1 50, 1 100, until 2 concentration was reached which killed netther
amimal withm forty-eight hours For msoluble powders the matenal was
suspended 1n saline at any conventent concentration and the suspensions
diluted where necessary with physiologic salme The number of animals
dying within forty-cight hours 1s shown 1n table XXXVL The effects of
3 other acichc salts are given for companison The results may be sum-
marized as in table XXXVII

‘The msoluble beryllum matenals, beryllum metal, the ovi
bonate, and carbide, thus e<hibit a very low acute toxicity in the lung.

de, car-

Taste XXXV AreroXtuare MNistal LETHAL DOSE

wh, Mg marllly
i by et
e e
Metallic berylljum over 200 over 120
Berylium oxide over 200 over lg
Berythum catbonate over 100 over 10
Beryllium carbide over 100 over s
Beryltium fluoride 15 :
Beryllium sulfare 10 &
Beryltrum oxyfluotide* 2 )
Zanc sulfate 10 H
Copper sulfate % 07

Mercunic chloride
waloes e B
 Asmormng # formals of 200 3BeFy and which closey approsmared sostyucaty deemcned vilves
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insolubl,

B an pound may require weeks or months before it
1s ehminated completely from the lungs, the animals were abserved for
thirty days. Weights were recorded daily, and white blood counts made
at intervals of one or two days

The growth curves, each representing the mean values for a group of
five amimals, are shown in fig. 120 The only compound which showed

Corbanate
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Fic 121 Count of white cells following itratracheal mnjection of 1~
soluble berylhum matenals

. tnation
defimite evidence of toucty was beryllum carbide, Further emmma]i :ld
of this compound showed that 1t decomposes slowly 1 water to ¥

r-
ton of calaum <A
acetylene, 1n a manner analogous to the decomposition
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bide.* The odor of acetylene could be detected readily in the exhalations
of the rats injected with berylhum carbide, and it 1s probable that the
response visible 1n the growth curve 1s related more directly to this reac-
tson than to any more specific property of beryihum per se

The curves of the white blood counts for these same groups are shown
m fig 121. The animnals treated with berylhum carbide showed some
evidence of abnormality, the mean leuhocyte count nsing at one pomt
to 22,000 cells per cubie millimeter Somewhat cuniously, this peak occurs
at 2 bme when the wright enrve would mdicate that the anmmals had
returned to a normal growth rate No explanation 1s offered for this fact

In addition, the anmals injected with metal powder show unusually
high leukocyte counts, peaks occurnng at ten days and at thurty days
Re-exammation of the data and several repetitions of the experniment
revealed that the peaks were produced because one or two ammals
attamned extremely high values, raising the mean for the group sigmfi-
cantly In a group of 20 ammals bemng studied daily, 2 reached maxima
of 39,000 and 47,000 cells, respectively, at five days. a thid reached
34,000 at ten days, while 7 others, followed daily for forty days, never
exceeded 21,000 cells per cubic millimeter Growth curves were equally
meonsistent, 1 anmmal mereased 1 wesght by only 10 gm i 200 days,
whereas 10 others mereased 70 gm 1n 30 days In spite of these mcon-
sistencies, the fact remamed that at least some ammals showed ncon-
travertible evidence of tovie damage

Long-Term Toxicity Studies on Beryllium Metal

In view of the suggestive findings i the short-term studies described
above, a number of ammals were myected with 100 mg of berylhum
metal each per hlogram of hody weight and studied for periads m some
mstances nearly as long as a year

During this time the ) logic program was expanded derably,
and a large number of blood counts was tabulated For purposes of
orientation, a statistical analysis of a portion of these data 1s presented
n table XXXVIIT A tata) of 261 counts were recorded for animals wlach
had recened beryllum or its compaounds, and 132 counts for ammals

which had not recaned berslhum The treated group contained ammals

® Small amaunts of bunllum carbide kept in watcr in a closed test tube for two
or thiee davs release sufficient acctilone to prodoce a flame when sgmited. The
odor of acetsbone §3 prononneed
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Taste XXXVIII  MEANS AND STANDARD DEVIATIONS OF HEMATOLOGIC VARIABLES IN 4
GROUP OF CONTROL AND BERYLLIUMINJECTED RATS

Arerage
) o of devsation Feducra s
Vartable Group S Mean from
tnean [ebA]
No of WBC Control 132 132 416 2598 041
Treated 261 139 449 737 08
%% polymorphonuclears Control 132 28 8s 33 25
Treated 261 El 131 763 0
%% eostnophils Coatrol 132 3 25 105 0
Treated 261 4 37 151 0
% lymphocytes Control 132 69 87 951 a9
Treated 261 59 128 974 206
No of polymorphonuclears  Control 132 38 176 908" 0
Treated 261 53 317 1481 0
No of eosinophils Control 132 035 0332 1346 0
Treated 261 051 0513 2049 O
No of Iymphacytes Control 132 91 34 1852 gm

Treated 261 81 269 1617

that were, 1n addition, subjected to a variety of physiologtc stresses such
as infections, exercise, and exposure to heat and cold. The control group
recewed the same secondary treatment but no beryllium Thus the groups
were practically identical with respect ta all conditions except berylhum

TasLe XXXIX HEMATOLOGIC CHANGES IN RELATION TO OTHER $IGNS OF TOXIC DAMIGE
IN ANIMALS INTRATRACHEALLY INJECTED WITH BERYLLIUM

] ®
H 3 e
£ 2 3 B g - %
Group : R ¥ % F & 5 i
] = g B = FS T
s = 2 3 E w§ w§ T%
T oF 0§ 4 % 38 7EOCE
22 e R R Zs_ =4 29
Controls 132 132 8 3 6 38 035 91
Al rats exposed to beryl-
lum 261 139 37 4 s9 53 o051 8!
Exposed rats during pert- 28 &2 361 0B 8 30

ods of normal growth 65 1220 294

Exposed rats durag pers-
ods of weight loss 23 1498 492 o052 soz 717 ol 75
Exposed rats duriog final i s o w1 74 o 8%

week before death 20
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exposure, and any differences i the findings may be ascribed to this
exposute  Although the deviations were high, the means for the two
groups were nearly 1dentical with the exception of the values for relative
and absolute polymorphonuclear cells, which were shifted by one stapdard
deviation,

L —
ul -1
!
il !
1
- * (.Iwm-lu—nq- =

Fic 122 Cunves showing growth of rats after mjection of 100 my of
metallic berythum per kilogram of body wesght

In table XXXIX the data 15 shown broken down ito subgroups Here
the shift 1 the polymorphonuclear count 15 very strihing particularly in
those antmals which were losing w eight or dying From these data it may
be assumed that exposure to beryfum 13 assomated with & nse n the
polymorphonuclears of the bloud The fact that this risc may or may not
be sufficiently great to affect the total white cell count undoubtedly
explams some of the meonsistencies observed m the white cell counts
desenibed 1 the preceding section

Figures 122 and 123 show the growth and mortality cunves for a period
of 250 days for a senies of 12 beryMium-mjected rats and 10 control
animals mjected mtratrachealh with saline solution Growth appears to
e cssentially normal, at least for the Frst 200 days, the Auctuations m
the last 50 days are the unvadable dffect of the loss of animals from
a small residual group The mortality curve mdicates that 75 per cent of
the expused group dicd, compared sath nane of the control group Smce



318 Preumoconiosis

these rats were less than a year old at the end of the period descnibed,
and since normat mortality from “old age” is from 9 to 12 per cent at one
year for rats in our colony, this ygh mortality rate cannot be ascribed
to “old age.” Several other series which have been similatly treated with
beryifium, but for shorter time intervals, are confirming the earlier por-
tions of this mortality curve,

1 1 1
>k e

s ol
b -

L

Fic 123 Mortality n rats after injection of 100 mg of metallic beryl
lum per kilogram of body weght,

A limited amount of pathologic data is available for these ammals
up to about 100 days.® When injected ito the lungs of rats, berylélutm
metal nduces an infl y reaction sufficiently severe to lead to
necrosis of tissue The metal is gradually removed from the lung parc:-
chyma and appears largely in the penbronchial lymphatics, some r::l; n
mg the tracheobronchial lymph nodes (where its presence has peer
confirmed spectroscopically) No permanent scarnng, fibrosss, or gra::l "
matons Jesions 1n the lung have been produced up to 100 days, ;m -
changes in other organs of the body were demonstrable The ul tltf:m‘
fate of the mjected metal is still uncertam from the autopsy mal

so far available.
§ ollow a
The deaths occurning 1 this serfes of ammals appeared to

tion of the
© For this we are indebted to Dr James K Scott of the Pathology Section
Atomic Energy Project at the Unnersity of Rochester.
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reasonably consistent pattern. The terminal weghts of some of the dying
animals are shown in fig 124 where the mdiadual animal weights are
plotted for the 30 days preceding death It will be seen that although
the group as a whole mereased i weight (fig 122), the mdiidual
animals lost weight consistently for the month preceding death The

400
2
F
© 3001
z
=
H
o
£ F
200}~
10
1 ] — 1 ] 1
=35 -20 -10 0
DAYS BEFORE DEATH
Fie 124

Weight changes i rats of figs 122 and 123 for the month
preceding death

relatine and absolute poly morphonuclear counts for the same peniod are
shown m fig 125 The bluk arcles for the exposed ammals represent
counts made at the tunes indicated, and the ight errcles represcnt control
counts made on approvunatels the same calendar dutes, Whereas the
separation between exposed and control anunals was not without some
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overlapping, the tendency toward high polymorphonuclear counts in
these animals was well marked,

Concurrently with these changes, the ammals tended to develop
dyspnea, severe riles, and mcreased irritability, One deviation from
normal behavior was hyperexcitability duning handling, The most con-

20 Absolute ® Exposed © Controls
polymorphanuclears
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Fic 125 Relatve and absolute polymorphonuclear counts of ral
figs 122 and 123 for the month preceding death
s severe lung damage imvolving

sistent gross postmortem finding wa ol
; ! dema, hemorrhage, consolidation,

various combinations and degrees of e
and ulceration
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The Effect of Secondary Factors on Beryllum Toxiaity
Because the time intervals mvolved in the preceding study represent
so large a fraction of a rats total Life span, a series of short-term exper-
ments have been carned ont to determine whether a combination of
berylhum exposure with other common debilitating agents might cause a
more rapid development of the damage described above Among the
secondary agencies studied were enforced actwity, duly exposure to high
temperatures (110° to 120°F.), daily exposure to low temperatures
(20° to 40° F ), infection with varnious pathogens such as salmonella,
, and p . exp to uramum dusts, exposure to
h)dronen ﬂuonde vapors, repetitive exposure to berylhum m an attempt
to produce anaphylavs, and the use of oils rather than saline solution
as a carner for the metal powder Only a half-dozen deaths resulted from
the entire study, comprising nearly 150 ammals, and so far 1 no case
was unequivocal evidenice obtained which would mdicate a speaific rela-
tronship of any magnitude between any of these agencies and the toic

effects of berylhum atself

Conclusions

Soluble beryllum salts, when mtroduced into the lungs of rats, exhibit
lethal properties comparable to those of the heavy metals such as copper,
zine, and mercury Insoluble berylum compounds are much less toic
when so introduced Metallic beryllum and possibly other beryllum
compounds as well produce a mare chrome type of lung damage of an

Pparently peaific type wlich tually leads to the death of the
animal The lung damage 15 apparently not identical with the human
types of damage No method has been found by which this chrome
process may be appreciably hastened

Summary

Benylwm and certam of ats ind 1l ds have
been administered to rats by the mtratracheal rnutv as an ctpcnmcnml
ntroduction to the field of mhalation tovieity of beryllum dusts The
tracheal route permits hnown amounts of tavic matemls to be introduced

directly into the lungs of ammals and atlows & mere rapid appraisal of
pulmonary toxiety than 1s possible by the more cumbersome inhalation
stidies

In the abience of mformtion on the nature of benyTlum powsoning in
animals via the lung, the tracheal studics were designed to supply infor.
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mation on: (1) the relative toxicities (M.L.D.) of insoluble beryllum
dust suspensions and certain soluble beryllium compounds, (2) the type
of physiologic response, whether acute or chronic, (3) the variables
which might offer a means of appraising berylhum toxieity.

The forty-cight-hotr M.LD for beryllum metal dust and the insoluble
berylhum compounds (the oxide, the carbonate, and the carbide) were
all greater than 100 mg. of material per hg of body weight; that of the
soluble compounds (berylhum fuoride, sulfate, and oxyfluoride) was 15,
10, and 2 mg of salt per kg of body weight, respectively. These values
were comparable to the M.L D. by the tracheal route of such acidic salts
of heavy metals as copper and zine sulfate, and mercuric chlonde. It has
been concluded accordingly, because of the similarity in response, that
the deaths from soluble compounds were caused by direct mechanical
interference with normal lung function rather than by any specifie toxic
effect of beryllium per se.

The type of response was distinct for the soluble and 1nsoluble ber):l-
Jum matenals The soluble berylhum compounds produced acute totic
death On the other hand, the msoluble beryllium materials produced
effects of a chrome nature Deaths from the latter group of materials did
not occur before the one hundredth day following exposure and became
most prominent between this period and the three hundredth day

In addition to decreased growth response, hematologic changes gave
the greatest promuse of mdicating current injury from beryllum Chnngt‘i
n the blood picture were confined chiefly to increase in the polymorpho-
nuclear leukocytes. These findings were by no means uniform as \\?s
charactenstic of beryllum porsoning m general in animals, At death,
pathologic changes 10 the lungs of rats gven beryllum met ¢
sisted of an nflammatory reaction and m some instances necrosis.

At present, no animal host or method of producing the P“l“;‘"::;y
type of jury n ammals 1dentical with that of men has lu.een ;‘a"d’
despite the fact that several animal species have been 1nvestigate wied
numerous methods of modifymng the pulmonary exposure have heen triecs

al dust con-
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Further Discussion

pr. miciarbsoN.  This pomt may be taken up later on, but I would ke
to bring it up now for the reason that one case of delayed pneumonitss,
thongh an adeq diet, developed marked scurvy, and had
bleedng and swollen gums, and purpuric spats. We put hum on 150 mg.
of ascorbic aeid a day, which brought about clearing in a few days, and
the platelet count was normal.

I had hoped that, when the question of vitamins was brought up ths
morning, someone might mention the other vitamins in relation to some
of these animals that were used for experimental purposes, and { would
like to know 1f any of these amimals could react as a human. I have also
observed that there was a marked deficiency in B-complex and also in
vitamm A in the delayed type of pneumomtis and that they require a
large amount in spite of adequate diet I just bring that up as a suggeston.
pR. nowrAxp,  Thank you very much It is also m parallel with a com-
ment made to me: that all liver function tests, by and large, depend upon
the state of nutrition of the individual at that time. If we carry out a great
number of rather uncontrolled liver function tests, we are going to have
a state of chaos, where there 1s now only a state of confusion. I thuk
that is really pertment,

There is comment which I think Mr. LaBelle neglected to make Asa
part of hus work he made a tentative study of the various factors or agents
which might contnibute toward the development of beryllum toxioty

in animals,

MR papeLer  When we started to investigate this long term damage,
1t was a nmsance to wait 300 days for an answer, so we started to try
all sorts and kinds of agents. Among them were exposure to heat, expo-
sure to cold, malnutntion, enforced exercise, various and s:mdl): types
of infection—pertussis, p and three or four others, includ:
ing other materials that we happen to know a httle about, like the
uramum compounds. Generally speaking, we got absolutely nowhere.
No expeniment showed clear-cut evidence that we had specded up the

beryllm process one bit
pr powLAND; [ think that is extremely important evidence.
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DR suELESNYAK: I just want to know if, m the series of extra factors,
exposure to X-rays was used as a posstble accelerating agent.

e rapece Not as a direct expenment, but we did have ammals of
which we took Xeray pictures, m some cases everv two or three days,
over 2 protracted peniod. We are watching them and checking to see
whether the X-ray made a difference in the results, 1t didn'’t seem to We
didn't go nto it any farther than that



CHAPTER 21

Initial Studies of the Toxicity of Inhaled Beryllium Sulfate
Dust and Beryllium Metal Fume .

GEORGE TI'. SPRAGUE, CHARLES W, LABELLE, ALTON G. PETTENGILL,
AND HERBERT E, STOKINGER, riLp.*

BeryLLivuar Surrate Stupy

An mhalation study of the tovic effects of a soluble beryllium salt, the
sulfate tetrahydrate, has been performed on 56 ammals representing srt
species Followmg a conditioning period of two weehs, the ammals were
esposed six hours daily 1 a dust inhalation chamber for a peniod of two
weeks, a total of sixty-siv exposure hours. The concentration of dust
approstmated 90 mg, of hydrated berylhum sulfate per cubic meter of
air, expressed as the cation, 45 mg Be/m.® or 05 milimol Be/m 3

For reasons of chamber space hmutations, not all the ammals could
be eposed concurrently Three mdividual exposures were made 1nder
similar conditions of time and dust concentration Aortality, w eght
response, and histologic changes were used as measures of tovicity in one
study, differential blood counts and biochemical findmgs in addition were
cemployed m another study In the third study, in which 2 dogs only were
used, several biochemical tests for possible berylum mjury were em-
ployed as well as thorough hematologte studies, m an effort to establish
cntical diagnostic auds for beryllum poisomng as well as the route and
site of beryllium damage
Matenals and Methods

The chamber (fig 126) m which the ammals were exposed was 8
31-inch transite-lmed cube with a capacity of 17.8 cu. ft. (503 Lters). The
ammals shown m the chamber in fig. 126 occupied a volume of approxt

© Head, Tndustnal Hygene Sectim, Divssion of Pharmacology, Atomic Energy

Project, Umseraty of Rochester, Rochester, New Yor
326
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mately 197 Yiters or 39 per cent of the chamher space. Also vistble is the
type of cage employed far exposure of the animals Whencver practicable,
paritsoned cages sere used to nsure indn idual exposure of the ammals
The photograph, at the end of # day’s operation, shows a considerable

Fr 126 Chumber m which antmals wese esposed 1o bersthum anlfute
dust

depost of the snlfate on the cages, around the openg of the dooneay
e door has heen removed) and on the rear oliseraton window
Frore §26 also shows moest of the vabies and manometors nsed to
vontrud the dimst concentrabon in the chamber The vahe shown at the
right conter of the open doons av w used ta adjust the air veloaty durane
sampling of the dusts atmosphete The muanamstes 1o the nehit of the
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valve ndicates the hydrostatic pressure of the sampling line At the
middie right of the unit is one of the ports where the sampling line may
be inserted Below the sampling port is an inclined manometer to dicate
the rate of air flowng through the chamber at any given time, The verti-
cal manometer at the cxtreme nght of the chamber is used to indicate
the rate of mtrogen flow through the dust feed Air from the centrally
located $ltering and refngeration wnit is mtroduced into the chamber
at the base of the umt at the rate of 18 cu. ft. per mimute, thus permittng
one air change per minute. A fan, to mid 1n the even distribution of the
air and dust in the atmosphere, is located in the ceiling of the umt. The
arr-evacuation flues are located on the side walls near the ceiling. Before
being drawn into the central rotoclone, the exhausted air is drawn through
a scrubber (the cone-shaped portion of which is visible above the umt)
using water as the scrubbing medium Scrubbing traps the beryllium
sulfate and prevents its Liberation mto the air in or around the building.

The type of dust feed found most satisfactory in producing the desired
concentration was the rotating barrel feed of 8anch diameter (shown
below the umt m fig 126) A 1/20 horsepower motor rotated the barrel
on 1ts horizontal axis so that the dust came to the apex of the coneal
cylinder. Here 1t was forced mto the feed hine by a stream of dry nitrogen
and carned up into the chamber At the base of the chamber the air
wtake line and feed line converged, thus blowing the finely divided dust
into the chamber A constant check of the concentration was matntained
by taking frequent samples (from 9 to 15 per day) of the chamber z\!mﬂf'
phere The concentration in terms of milligrams of BeSO,*4H:0 per cubic
meter of air was determined gravimetrically.

Because of the somewhat hygroscopic nature of this beryllwm com
iderable difficulty was d m preparmg a dust whos®

pound, e
meduan particle size was no greater than 2 mcrons. The techme de:

oped mvolved drymg the berylliam salt for at least twenty-four hour'S in
2 vacuum desiccator, before passing it twice through a micmpulvfrxz;‘n
Only the dust that passed a 230-mesh sieve was ultimately used in & l;
feed, which was filled twice dmly with vacuum-dned dust, Betweend eai !
step of the dust preparation, the matenal was kept 1 cva.cunted !E‘Sl] :
cators Berylhum sulfate tetrahydrate, left evposed to the air, comp! eﬂ’?
dissolves 1n the absotbed w ater, yrelding a saturated solution of approvi-

mately pH 10
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It was impossible to maintam at all times the desired concentration

of 90 mg of the salt per cubic meter of arr m the mhalation chamber. A

waighted mean concentration determined gravimetrically from 137 sam-

ples was 843 mg /m.$ with a standard deviation of 36.6 The cxtreme

values were 132 and 2670 mg /m3, Nwety-four of the concentration
values were hetween 50 and 183 mg /m3,

Toxicity Critenia

The types of data collected and analyzed included mortality, weight
response, pathol and b il findings, and biochemical
changes The blood dete ncluded mitrogen, urea

P
mtrogen, ammo acyd mitrogen, serum protein, sugar, albumin-globulin
ratio, bromsulfalein and fibnnogen levels. The unnary studies included
sugar, protem, and amuio acid mtrogen/creatimoe ratio Table XL hsts
the number of ammals of each species used i each of the tovicologie
observations Obveously, the amimals of the vanous groups, particularly
the dogs, were used for more than one test

Taste XL NOMBER OF ANIVALS USED (% TESTS FOX TOXICITY CRITERIY

Guinea
Crrtersa Studred Dog Rabbis  Pig Moute  Homste Rar
Mortaly 2 3 14 20 7 10
Weight response 2 3 14 7 10
Biochemustry
Blood
NPN 2 3
Urea nitrogen 2
Amiao acd mitogen 2
Sagar 2
Setum peotemn 2
Albumin globoln ratio 2
Urine
Sugar 2
Protein 1 3
Amina acd ngerogen Cree
aumne tano 2
Hematalogy 2 3 10
Pathalogy
Terminal 2 3 1 s k]
Drang animats 0 1 2

Liver Function Tests
Tibnnogen levels
Bramuutialem rerention

1202
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Results

Mortality. Figure 127 is a graphic representation of the mortality
rate for the three species in which deaths occurred. It shows that all of
the 20 mice exposed 1 the chamber died before the termination of the
expermment, an L D, occurring on the seventh calendar day. Because

120

Expermeat
terminated

PERCENTAGE OF DEATHS
»

»

2 4 \ 12

"

13
CALENDAR DAYS

Fic 127 Mortahty cunves of mice, hamsters, and rats exposed to ]
mg /m? of berylhum sulfate

of the high mortality rate observed 1 this species, 10 addstional mice
s before the termmation of the study. Two of
Two of 10 rats
broken

were exposed for two day:
these 10 mice died followmg the second day of exposure.
died and 2 of 7 hamsters died as a result of the exposure The
Imes on the graph mdicate the time from the start of exposure until the
first death occurred, the broken lme mdicating the uncertamty n the
length of time of exposure required to cause the first death There were
no deaths among the dogs, rabbits, or guinea pigs
Symptoms The outward symptoms and reactions
dust differed marhedly for each of the species At the concl
first six-hour day of exposure, the eyes of the mice were 1entate

to the beryllum
lusion of the
d, but were
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nnproved by moming While tndergoing treatment the mice were by per-
irmtable and more active than normal, and before death usually went into
convulste spasms. The eyes of 6 of the 14 eypased guinea pigs showed
defimte signs of cataract formation The ocular opacity of these animals
dcwlnpcd aftcr two days or twehe hours of exposure, A few rats” eyes

pp gic and the breathing of some indicated riles.
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Ti. 128 Per cont weight change of angmals exposed to 90 g m? of
bers s sulfate

1t was ongnally phinned to expose the 2 dags for two weeks and then
hold the animals for a year in order to follow the effects of the benylum
exposure, however, such serious ocular inpry and periorlntal lestons
occurred (Plate 1V, A) that st appeared probable that at least one of
the dags would die fram subsequent mfcetion. These lesions wiore agara.
vated by the amm b seratching its exes wath ats pasws andd also by rubbing
its head and eves agamst the metallic mesh of the eases. Thes action
eansed the Beft ese to protrude half an inch, while the wlecr about the
night eye, at autopsy, hurst spon the appheation of shabt pressure Ot r
lessextensive but wcll-defined nleeratise lesions (Plate 1V, B) developad
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on the legs and body of the second dog. A small cataract was noted or
the Jeft eye of this animal The hughly acidic character of this berylum
compound, no doubt, was responsible for the start of uleerative lesions
observed in these exposed ammals,

DB Normol s
v 8000 fo 19,500

Rats
Notmol limts

3000 to 24,855

THOUSANDS

= —Exposure
starled
X

x

e /Rabbits
Normal s
>~ \/ §167 10 10450
O L ety pai s e n e o)
-5 -VID <.; o 10 5 20
CALENDAR DAY

Fic 129. Count of white blood cells of dogs, rabbits, and rats exposed
to 90 mg./m* of berylum sulfate.

The beryllwum sulfate caused fewer discernible esternal symp('ﬁms in
the rabbit and hamster than in the other species, A hypersensitiity and
nervousuess were noted in the. hamster, but no outward changes were
observed in any of the three rabbuts.

Weight R The weight resy !
ummalf, with ;be exception of the gumea pigs (fig 128}, were :\L'Il‘crsel)‘
affected There was less fluctuation i the weight of the gum.('a p'lgs du;
ing the exposure period than during the two-week mndxtmmn]g mt(t-r]\; g
The rabbuts lost 5 per cent 1n weight, while the hamster and the ra

data showed that all of the

Prate IV eyt
fops following exposure to
4 Dog suffening from severe perorbytal lesions p
Tium suﬂ’ie dust lgi Dog which developed ulcerative Jesions over the Jegs and
body following exposure to beryllum sulfate dust
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experiment (fig. 131). During the two-week conditionmg period and the
first week of dust exposure, the mean N.P.N, values were unusually con-
stant for rabbuts, but m the second week the values rose to 78 mg, per
100 cc of blood and were more than 70 mg. per 100 cc. at the termmation
The rabbit urmary protein values showed much the same trend, with the

!

Unnary protein
{robbits)

MILLIGRAMS PER CENT

Start of Exposure

o

CALENDAR DAYS

Fic. 181  Analysis of blood and urme of rabbits and dags exposed to
90 mg /m* of berylhum sulfate

first positive value bemng recorded on the sixth day and a high mean VO:
350 mg per 100 cc of urine on the tenth day. The final protem value \\.1f
80 mg. per 100 cc. This decreased protemuria may be an mdication o
regencration of the renal cortical tubules . ion of

The biochemical findings in the dog failed to reveal any indicati 11
renal or hcpahc njury durmg the course of exposure As seen mdﬂfl;nm;
alugher NPN value was obtained for the dogs during t{;e conct II mu:;
exposure than was found at any time after the dust was mtroducﬂl e
the chamber. The high unnary protem value found on the semn,: T],i
of exposure was probably caused by of the specume.
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espenment (fig 181). During the two-week condutioning period and the
first week of dust exposure, the mean N.P N. values were wnusually con-
stant for rabbits, but in the second week the values rose to 78 mg, per
100 ce of blood and were more than 70 mg per 100 cc. at the termination
The rabbit urmary protein values showed much the same tiend, with the
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CALENDAR DAYS

Fic 131, Analysis of blood and urme of rabluts and dogs exposed to
90 mg /m® of herylhum sulfate,

first positive value being recorded on the sixth day and a high Teanv::
350 mg per 100 cc of unine on the tenth day The final proteu 12 u‘e . of
80 mg. per 100 ce. This decreased protemuria may be an indheation
regeneration of the renal cortical tubules Tucation of

The biochemical findings in the dog failed to reveal any lm' w; wm
renal or hepatic injury dunng the course of exposure As scen “"d tg'nin"’
a higher N.P N. value was obtawed for the dogs during q’e c‘z’" ! 1;7 ) n(:
exposure than was found at any time after the dust was intro uct'(‘ day
the chamber The high urinary protein value found on the seco;\ ™
of exposure was probably caused by contamnat:an of the specrmen.



abhyp, showeg the gy ulvvprcml I
o,

S Tosion,

S g St

ey

“fu, iy mlumunnn © ar, el Iteyg o, s
bon the AU Ln:v:\ Py alef, ('lu\mm

Mimong,
Misted op

thg Bpe

" the gy,

Testons
X fayrpy



336 Pneumoconiosis
the rabbit, mcluding the eye and liver, failed to show any remarkable
changes.

The guinea pigs showed the fewest histologic changes of any of the
species, the lesions being hmited to the lung and the eye. The lung
lesions were similar to those noted in the rabbit but were much less
extensive and less severe The eyes of most of the guinea pigs showed
changes consisting of conjunctivitis and keratitis, All of these ammals
showed an mflammatory reaction at the limbus,

The injury to the hamster was almost entirely limited to the lung, con-
sisting chiefly of edema panied by varying of hemorrhage
of the alveolar sacs None of the other organs of the hamster had any
changes that could be attnbuted to beryllum poisoning.

Two rats died on the final day of the experiment. Whereas the lver
sections showed no necrosis, the cells lining the kidney tubules showed
numerous lesions. The most extensive changes found jn the sacrificed
animals occurred m the lungs and Lidneys The pulmonary cbange most
prominently seen was a rather marked cdema which was accompanied
by a moderate infiltration of neutroplnls and monocytes. The kidney
damage seen in the rat was much like that noted in the rabbat, There was
no hiver damage in this species.

Taste XLI  THE EFFECTs OF Beso, 4,0 ON THE TISSUES OF EXPOSED ANIMALS

e
Rar

Mouse Rabber Gunea prg Hamster
Lung ? 4+ 1+ 2+ (3)+
Liver 4+ [ 0 %
Kidney ? 4+ 0 0 :
Q 0 44 4

Eye

Table XLI summarizes the histologic findings in the various species.
In this table the higher numbers represent the greater amount of tissue
damage Tt 1s evident that the gunea pig and hamster scem to be the
most resistant spectes and the rabbit and mouse the most sensittve. T.‘IU
explanation 1s offered for the lack of finding of hepatic mjur.y mn 'SPCCIES
other than the mouse although hepatic injury was observed in mice that

died early in the exposure.
' wever.
The istologic findings for the 2 dogs are not yet available, hov
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tained for periods up to one mnute were estimated by means of a flter
paper sampler; the coneentration obtained during longer exposures could
not be measured directly because the increased amount of fume tended
to seal the pores of the filter paper and shut off the flow of air throngh
the filter paper sampler. The output of the are was accordmgly deter-
mumned for a sencs of one-munute exposures and was found to give an
approvimately constant value of 8.2 mg, plus or minus 02 mg, of fume
per minute, In the small exposure vat employed, this yielded a concen-
tration of 800 mg./m" and all exposures have been caleulated as CT
values {concentration-tume, or mg mun./m*) on the baus of 800 CT units
per mmute of exposure. )

The CT uutt, as employed here, 1s an exp of the
of the beryllum metal fume n the small exposure chamber, The value
for this unit 15 found by multiplymg the number of milligrams of fume
per cubte meter by the number of minutes of exposure, Defining the state-
ment mathematically, 1t becomes

CT =concentration X tune =mg, min /m?

The amount of fume m the chamber at any given time was determmed
by accurately weighing the quantity of fume collected on a filter paper
durmg a sampling period of one minute The output of the arc producing
the fume was found to give an approumately constant value of 82302
milligrams fume per mmute, In the small exposure umt employed, this
yielded a concentration of 500 mg /m* and all exposures have been cal-
culated at CT values (mg mm ‘m‘) on the basis of 800 CT umts per

mmnute of exposure. .
The exact chemical composition of the fume produced by passing an

dleetne are between berylliun metal and carbon electrodes 15 not Inown
It is probable, though, that at the high temperatures employed m the
arcing process, the fume is a mixture of heryllium metal [ume;, bery)lm:n
mtnde, berylhum oude, and berylhium carbide, Without being able to
determine accurately the concentration of each of these possible com-
ponents, the muture has been called beryllium metal fume.

Acute Mortality. .
Fuve rats were placed 1 the chamber and exposed to 24,000 CT |;n;‘

(equivalent to thisty minutes of aremg). The total exposure wnsﬁsf:\ Kn-

vided into eight exposures of three to four minutes each given at fiftee
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tained for periods up to one minute were estimated by means of a flter
paper sampler; the concentration obtained during longer exposures could
not be measured directly because the increased amount of fume tended
to seal the pores of the fiter paper and shut off the flow of air through
the filter paper sampler. The output of the arc was accordmgly deter-
muned for a series of one-minute exposures and was found to give an
approvimately constant value of §2 mg., plus or minus 0.2 mg, of fume
per mmute. In the small exposure unt employed, this yielded 2 concen-
tration of 800 g /m* and all exposures have been calevlated as CT
values (concentration-time, or mg mm /m*) on the basis of 800 CT units
per minute of exposure, :

The CT unit, as employed bere, 15 an ey jon of the 101
of the berylhum metal fume 1 the small exposure chamber, The value
for this umt 1s found by multiplyng the number of milligrams of fume
per cubic meter by the number of minutes of exposure Defining the state-
ment mathematically, 1t becomes

CT = concentrahion X me=mg. min,/m*

The amount of fume 10 the chamber at any given time was detenmined
by accurately weighing the quantity of fume collected on o flter papes
during a sampling period of one minute The output of the are praducing
the fume was found to give an approvimately constant vajue of 82£02
milhgrams fume per mimute In the small exposure unit employed, this
yielded a concentration of 800 mg /m* and all exposures have been cal-
culated at CT values (mg mmn./m’) on the basis of 800 CT vmts per

minute of exposure.

The exact chemical composition of the fume produced by passing an
electne are between beryllum metal and carbon electrades is not Lnown
1t 15 probable, though, that at the high temperatures employed m the
arcing process, the fume is o rmsture of beryllum metal fume, beryllum
nitnde, beryllium ovide, and besyllmm carbide Without being able to
determine accurately the concentration of each of these possible com-
ponents, the misture has been called beryllum metal fume.

Acute Mortality,
Five rats were placed 1n the chamber and exposed to 24,000 CT \;r:iﬂs
as subdi-

{equivalent to thirty minutes of arcing) The total exposure w. e
vided 1to eight exposures of three to four minutes each gven at fiftee
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as above. Three animals died during the exposure, as compared with §
dying in the preceding group; the postmortem findings likewise agreed
with those shown in table XLII, the lung weights being 1.9, 1.4, and 1.4
per cent of the body weight. Another group of 5 rats was exposed to one
half this quantity of fume, or 12,000 CT units; no animals died during
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this exposure. The third group was exposed to c:\xbfm fumes f:r”ﬁ\\x:();
minutes, no ammals died. The weights of all the survivors \‘ven: ollow -
for sixty days. The results are shown in fig 132 l\to reduction xfnﬂg';o:‘ »Ql
rate 1s demonstrable any of these curves, even in the case of th

animals surviving exposure at a level approumating an L‘D.—.',fume .
As an additional confirmation of the effect of beryllium
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as above, Three animals died during the exposure, as compared with 4
dymg in the preceding group; the postmortem findings likewise agreed
with those shown in table XLIY, the lung weights being 19, 14, and 14
per cent of the body weight, Another group of 5 rats was exposed to one
hall this quantity of fume, or 12,000 CT units; no anmals died during
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minutes; no animals dred. The weights of all the surviv were "
for sixty days The results are shown fn fig, 132. No reduction x[n(im:“o
rate is demonstrable in any of these curves, even in the case of the
approumatiag an LDso

animals surviving exposure at a level :
l the effect of beryllium fume on

As an additional confirmation of
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TasLe XLII  rOSTMORTEM FINDINGS IN RATS 6) DAYS AFTER EXPOSURE.
70 12,000 €7 UniTs oF BERYLLIIM FUME

Lungs Lung ur

Rat group —_—
(grams body Fractions Body ut, Standard
werght) Condition of group (petcent)  Duusation
150 Pink, normal 5/5 058 *006
200 Pink, normal 5/5 o5t 008
375 Slight hemorrhage 2/5 052 008
200 (controls) Pink, normal 515 050 009
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1eactions, In order to test this hypothesis, four groups of 5 rats each
were evposed in the followmg manner The Brst group revelved 50,000
CT units given as two exposures of 25000 units each month, eath ex-
posuze being distrbuted over two successive days, to nuure the suroal
of all anumats The second group was exposed to 50000 CT uats grven
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g
WRFLILLIAL LT
§ L
S
PR ! i ) q b3 K] i
—
AT TTT L AL TS
I D N
H S
B
i 1. 1 1 J !
a w 20 © @ =0 3

Dagn of Brparure

Fs. 335 Changes m count of erythrocytes and of lewkocytes 1 1ats
durng 6-dav exposure fo beryllum fume

as ejght weelly exposures of 6000 unts cach. The thurd group received
30,000 CT unts given at a sate of 800 unmits per day for sxty days The
fourth group recerved fve tunes thes total dosage, or 250000 CT umts,
gren as 4000 units per day for sixty davs,

None of the ammals died durnng any of the expenments The werght
response durng the exposure i shown n fig. 134 It will be seen that the
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three groups recciving a total of 50,000 CT umits each show no evidence
of a reductton in growth rate in spite of the fact that this level represents
a tatal expasure to fume twice as great as the single exposure which
Ialled four ammals out of five.

The fourth group, receiving five times as great an exposure as the
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The hematologie findings for the two groups recerving daily evposures
are shown mn figs. 135 and 136. It will be scen that while there js a
stight tendency toward a p philia and neatrophil

more
marked 1 the rats that receised the greater exposure, the valves do not
at any time depart widely from the control range.

Antopsies of the ammals in cach of the groups exposed to 56,000 CT'
umits at the end of the exposure revealed the gross flndings shown in
table XLIV.

Tasre XLIV  GOSSMORTEM FINDINGS I\ RaTs EXPOSED T SO.000 cr
UNITS OF BERVLLILM FUME

Lrowp 1 which 1t occumed)
Knidney

Splven
Type of Fra- Fra- Frar- Frae
epornre Condssron tsomef Condi- tomef  Conditson  tiomof Comdstion tron of

o g o roap

Daily  Slight hemor-

shage 45 Nommal 53 Hemorchage 25 Eolacged 303
Weekly  Shight hemor-

rhage 5.5 Famy 15 Hemorhage 1,5 Normal 5/%
Monthly Shight hemor-

vhage 35 Noral 5,5 Pewechire 145 Enlarged 2,3

The damage appears to accur chiefly m the Inng and to a smaller
extent m the hdney In nexther case 15 the damage so serious as to inter-
fere with normal growth
Conclusions

The fumes produced by arang metallic beryllum agamst a carbon
electrode developmg high intensities of exposure of 25,000 CT units in
a single day appear to act prumanly as an wntant This effect does not
appear te be cumalative, for it was fond that rats tolerated far greater
total exposures as long as no single dose excoeded 12,000 nants (equiva-
lent to one hour at 200 mg,/m*) Only a shght response, exhibited by
a seduced growh rate, was obtamed after datly exposure to 4000 CT
units per day, equvalent to thurty-three hours at 100 mg /m®.

Summa

Beryllium Sulfate Data from 58 ammals were collected to supply

mformation relevant to the poisonous cffects, including the organs in.
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jured and the route of the damage, caused by the inhalation of beryllium
sulfate tetrahydrate dust at a concentration approximating 90 mg. of the
salt per cubic meter of air Six criterta of tosicity were utilized in
evaluating the wformation obtamed from the animals which compnsed
2 dogs. 3 rabbats, 10 rats, 14 gumea pigs, 20 mice, and 7 hamsters The
amimals were exposed six hours daily for a two-week period, a total of
sixty-sn hours, to a dust of this soluble beryllwm salt in a small m-
balation exposure chamber

Mortaluity for all spectes dymg as a result of esposure was 43 per cent
of the 56 cxposed antmals or 20 of 20 mice, 2 of 10 rats, and 2 of 7
hamsters. The mice died from the third to the eleventh calendar day
with an L D ;0 being attamed on the seventh day followmng the start of
exposure No deaths occurred among the dogs, rabbits, or guinea pigs
Weght response data showed that all species save the guinea pig were
adversely affected The rabbit lost 5 per cent in weight, whereas the
rat and hamster lost 11 per cent Climical chemical values imdicated
renal imparrment and some subsequent regeneration in the rabbits. Much
less serious hidney damage and hepatic mjury in dogs was indicated from
many chemical tests which mcluded frequent analyses of the blood for
sugar, NPN, urea ammo acid gen, | lfalemn, and
serum protemn All of the urmary vanables includimg amino acid I.utm-
gen,‘creatinme  ratw, sugar, and protein were nonmal at all times.
Hematologic results showed definite upward trends in the leukocytic
count, notably the absolute neutrophil counts of the dogs, rats, and rabbits
during the second week of exposure The other cellular blood clements
gave no charactenistic trend for any of the species External sym.px'ums
vanied somewhat with the species Ocular opacity developed in the

and dog following twelve hours of exposure Cuta-
og, while

gulncn Plg, mouse,
neous lesions of varying size developed over the body of the d ol
the rats were found to have riles The hamsters and rabbits mamt’estc:J
no external signs of beryllium damage The histologic findings s)«m;‘
the effect of absorption of beryllum sulfate tetrahydrate through : 1ec
respiratory tract of the mouse, rabbit, and m!.h? be pulmonary (d;\l:\;t,‘ ",
especually edema This was not the type of injury, ho“e\er,' o e
man Addonal lung lesions observed included 1x.\ﬂamm:ltor) m“hc
in the Tumina of the terminal bronch and some foci of atclectasis ol

infiltration
yabbut, hemorrhage of the alveolar sacs of the hamster, and infiltr
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of neutrophls and monocytes 1n the himgs of the rat Hepatic mjury was
chserved m mice dymng during the first mne days, but no lesions were
noted thereafter, indicattng rapid regeneration Renal changes were tound
n the rablat and rat but some regeneration of the tabular epithehum
was observed m the rabbit hidneys

Marked species sanstion, but wnusually good conformaty within
each species, was thus observed n the response to the inhatation of
BeSO, 4110 The sulfate 1on, conferring a hugh acidity upon the molecule
as a whole (with an approvunate pH of 10 for the saturated solution),
was felt to contribute significantly to the tovieaty of the berylnm salt.

Beryllum Metal Fume  Rats have been exposed by nhalation to
beryllum metal fume at an approumate concentration of 800 mg./m? of
air under a vanety of exposure schedules to determine the character of
the towe response. Seven of 10 rats cied of pulmonary hemorrhage
following exposure to 24,000 CT units of fume adminnstered as eight
exposures of from three to four minutes each over a pertod of two hours
When the exposure was one-half this value, or 12,000 CT umts, no rats
died or showed other untoward response. Morcover, rats were found to
tolerate 200,000 CT wmts or nearly 10 times the lethal dosage of admunis-
tration of the fume was made at the rate of 000 urats datly for a penod
of sixty days Some reductron m growth rate. however, was noted on
this schedule

It was. therefore, concluded that beryllum metal fume acts as a
primary wnitant which, when administered rapdly i high dosage, may
be fatal but which 1s tolerated relatnely well as lang as no sigle dose
cxeeeds 12,000 CT units No enmnlative posanous effects were seen

Acknowledyment » gratefully made to Dr Iwold C Hodge, Heid of the Dii-
ston of Phurmacology, Atamtc Energy Project, andt Professor of Pharmacolagy, Schon!

of Medicme and Dentistrs, Unnersity of Rochestes, for Ins lielpful assitince and
rdance in these studses

Drscusstan

TERBERT E. STORONGER, PILD."

1t 15 unique n this symposim, at least, to discuss one’s own paper, but
I feel that after listemng to some of the discussions of clinscal and

* Head, Industral Hygiene Section, Diswsion of Pharmicology, Atame Energy
Troject, Unnersity of Rochester, Nochester, New York
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fured and the route of the damage, caused by the mhalation of beryHlium
sulfate tetrahydrate dust at o concentration approvimating 90 mg, of the
salt per cubic meter of apr, Six critena of toxicity were utlized in
evaluating the mformation obtamed from the anunals which comprised
2 dogs, 3 rabbats, 10 rats, 14 guinea pigs, 20 mice, and 7 hamsters, The
ammals were evposed sn hours daily for a two-week period, a tota} of
sinty-six hours, to a dust of this soluble berylliom salt i a small in-
halation evposure chamber

Mortaliy tor all spectes dying as a result of exposure was 43 per cent
of the 56 evposed animals or 20 of 90 mice, 2 of 10 rats, and 2 of 7
hamsters. The mice died from the thrd to the eleventh calendar day
withan LD, bcmg attained on the seventh day following the start of
exposure. No deaths aceurred among the dogs, rabbuts, or guinex pigs
Weight response data showed that all species save the guined pig were
adversely affected. The rabbut lost 5 per cent in weight, whereas the
rat and hamster Jost [I per cent Clnical chemical values indicated
renal imparrment and some subsequient regeneration i the rabbits, Much
less serious Kidney damage and hepatic mjury in dogs was indicated from
many chemical tests which ncluded frequent analyses of the blood for
sugar, NPN, urea mitrogen, amino acid mtrogen, bromsulfalein, and
serum protem All of the urary variables meluding amino acid !'\ltm-
gen/creatimine ratio, sugar, and protein were normal at all times
Hematologic vesults showed definite upward trends m the leukocytic
count, notably the absolute neutrophil counts of the dogs, rats, and rablnts
during the second week of exposure The other cellular blood elements
gave no characteristic trend for any of the species. External sym.[llﬂ"“
:aned somewhat witly the species Ocular opacity developed in the
guinea mg, mouse, and dog following twelve hours of exposure. C:‘lﬂ‘
neous lesions of varymg size developed over the body of the dog, w 1;
the rats were found to have rales The hamsters and rabbits mmufestcI
no cxternal signs of berylhum damage The histolagic findhngs SIID“(';"
the effect of absoiption of beryllwm sulfate tetrahydrate through the
respiratory tract of the mouse, rabhit, and rat to be pulmonary d.\mmg.c,

v i f howeyver, found in
especially edema This was not the type of m]ur-y, e
man. Additional lung lesions observed meluded mlhmmn(ory.c\«i e
1 the lumina of the terminal hronchi and some foci of ntc)ec!:?sgho o
rabbit, hemorrhage of the alveolar sacs of the hamster, and infiltra
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of neutrophils and monocy tes in the lungs of the rat Hepatic mjpury was
cbsersed in mice dyng during the first nine days, but no lestons were
noted thereaf d) ¢ rapid regenc; Renal changes were found
in the rabbit and rat bat some regencration of the tubular epithelum
was observed 1n the rablnt kidneys

Marked species svanation, but unusually good conformity within

each species, was thus obscrved n the response 1o the mhalation of
BeSO, 4110 The sulfate 10n, conferring a high actdity upon the molecule
as a whole (with an approximate pH of 10 for the saturated solution),
was felt to contribute sigmificantly to the toucity of the beryllmm salt
Beryllwm Metal Fume  Rats have been exposed by mhalation to
bery llwm metal fume at an approuumate concentration of 800 mg ‘m* of
air under a varety of exf hedules to o the of

the tovic response Seven of 10 rats dwd of pulmonary hemorrhage
following esposure to 24000 CT umts of fume admmstered as exght
exposurtes of from three to four minutes each over a period of two hours
When the exposure was one-half this value, or 12000 CT s, no rats
died or showed other untoward response Morcover, rats were found to
tolerate 200,000 CT units or nearly 10 times the lethal dosage if admtms-
tration of the fume was made at the rate of 4000 umits daly for a penod
of sixty days Some reduction i growth rate, however, was noted on
this schedule

It was, therefore, concluded that heryllum metal fume acts as a
primary arritant which, when admunistered rapidly m high dosage, may
Ve fatal but whnch 1s tolerated relamnely welt as long as no single dose
exceeds 12,000 CT units No cumulative poisonous effects were seen

Acknowledgment 1 gratefully made to Dr Marold C Hodge, Head of the Divi-
ston of Pharmacology, Atoic Energy Project, and Pratessor of Phaymacology, School

of Mediane ard Dentistry, University of Rochester, for his helpfal assistince and
gudance i these studhes

Discussion
HERGERT E STORINGER, PIID ®
It 1s umque in this symposim, at least, to discuss one’s awn paper, but

1 fecl that after Istentag to some of the discussions of climeal and

* Mead, Industrl Mygine Sechon, Dintion of Pharmology, Atomic Energy
Project, Unnversity of Rochestcr, Hochiester, New York
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expermmental work in beryllium poisoning, it would net he amiss to
state precisely what our expersmental approach is at Rochester.

We have been assigued by the Atomic Encrgy Commission the tash
of learning what we could about the tovicology of berylum as st enters
mto the kabreation of berylium metal. Now that, you see, excludes
fargely what has been sad about the besyllivm famp industry, In the
fabneation of the metal, we are concerned only with the metal stself
and the products that are necessansly involved in sts production. This
you have heard this moming,

n this work we have been attempting to open up new experimental
pp hes to the chemistry of these Is as they are related to their
bracheruical action m the body. This we hope we can present at some
later date.

We have also been assigned the task of d ing the tovic hmits
of the various compounds of mdastrial tmpartauce i the manufacture of
Veryllium, a number of which have already heen mentioned by vasious
groups. These have been explared by the intratracheal route and, as
described mn this Jast paper, by rhalation,

We are also interested ma determimng the toxic effects of these ma-
1, in & prel y way, in developmg methods

tenals, and we are
of detection of the action of these matenals in the body in the hope
that we can open up a new clinical approach, which has ako been
started in Chicago.

And lastly, f we can, we would like to get some methods of
prophylaxis, possibly through some more precise Lnowledge of the mode
aof action of berylum, for which we also have pragrams under way,
especially from the enzymic standpomnt.

Lastenmng to this last paper, it occurred to me that there might be two
points of general interest for consideration, Up to the time of this meetwg,
at least, I think that there has been some besitation among individuals to
state that berylhum 15 the causative agent. T think we can sny'bere that
we can certamly produce a powsonous response from beryllum} mn?-
pounds, we have shown tlus with pure beryllium alone, and in this

snhalation study it was done with dispatch We knaw the effect of 2
few days of exposure 1 a anmber of the species and of at least 'hm
there were considerable samlarities

wecks' exposure in others Moreover, "
hat seen in man. Beeause of the

1 the response of the anumals, fo



intenmy of the E¥Posures, 4o lesiong were C¥aggerateq m the lung ang
there a4 SPreading o the Mjury ingo other Organs sycp, as the Udney
e Iner,

And thyy brmgs me to the second poypy that [ think g Sigmficany,
'ere has heoy, Considerap o comrmersy at thys Mecting about ¢he action
of beryllium Is aty action Systemic op locatp 1t seemg to me ET
€¥peniment could offe, a econciliatior, of thege tio Opposite VIEws thay
have been Presenteq ¢ € assumes merely thay these effect, Stem; e

Furthe, Du:uuion

am Merngy ¢ would Ipe 10 rarge the Question 4 to the actity of
these COmpoungs, It seems {0 me thae 1t has pee, Poted o at vanoys

ter
Slmnhrly for the beryj ium compounds, the sulfate took 5 longer Period
fo shoy, n effecy, and wyp, bery”mm Oides apg silicates, there 4 "Parently,
developcd a st} longer Pertod of onset, CAusmg gp., so-calleq chrome

1t seemg 0 me tha those 4r0 Phases which ;. Hodge and Ay May.
nard brouglxk out thys Mormng, showmg the differeny Compoungs and
therr effects, and pmt.culm]y here they able o show ¢, the soluble
COmpoungs Were Tite actiye and the msolubje Compounds less 0,
Especm”y the metal gnq the oxide, Wheregg the catbonale m ope case

€]

In Particylyy, 1 Hould Ike 1o make the Point thay berylhyun, onde eap
be ey acty o OF mnacty ¢, dependmg upon the state of alematyo, When
heateq to aboyy Loy c, beryltug, oude cay, b, rehnvely nactive o,
Telation to Matery,) alaneq 44 1000° ¢

Twoulg Ike o Suggest the POssIblity that an O%de formeq At a oy,
DPeratyre Nearer ¢, r00m temperatyre €an be f;, MOre actpy,q cbcm;cally
than thoge Just Mentioned g, these Cases from , [oundry where there
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was apparently no exposure to people wha were close to the pouring
of the metal, but apparently exposure did occur to people at some
distance, there may be a defintte change in the type of material to which
the indidual is exposed, Maybe those close to the foundry are exposed
only to the metal, but those far away are exposed to an oxide of the
metal, and by the same token, I point out that maybe that oude, if 1t so
formed, could be very active, because it would be formed at a relatively
low temperature and not subject to high temperature caleination, Pos-
sibly this 1s one of the reasons that no cases have heen drrectly traced
to exposure to beryllum oxide, due to the fact that in most cases where
a person could be exposed to the beryllium ovide, the ovide eusts in 2
relatively mactive state

pr nonce' I would just like to stress one point You who are used to
exp g ion in millj per liter, please note that the
concentrations of the berylhum fume here were in milhgrams per cubic
meter, stnce there are one thousand Iiters i a cubic meter, a factor of

one thousand 15 invoh ed

bR HOwLAND. One thing I think ought to be clarified for those of you
who are not farmbhar with hods of animal exposure, This t
tion fs determined for the air the anmal 1s breathing, but does not repre-
sent the concentration the animal takes mto s body. That 1s one of the
most difficult experimental things to do the determination of about how
much tovie matenal it requires to cause all this trouble. We have been
workmg on 1t for two years and I don’t hnow whether we have the
answ erj Particle size and concentration, setthng, absorption, and solubility
all enter 1nto 1t For example, soluble matenal never reaches the aheolar
spaces at all. being dissolved along the mucous membranes on the way

down

pr vomwarp: That 1s why our primary effort here has always been on
the inhalation studtes, supplementing those studtes by the other mefhodsr
wntratracheal, intrapentoneal and mtravenous Injections Our crucial ex-
periment myolves mbalation of the dust from the atmosphere, thus there
1s no unnatural mterference with the entrance of the dust into the Jung.
M. DELAHANT.  Would 1t be possible to collect some of those fumes and
make stuches by means of N-ray diffraction®

MR rLaskiv- We have collected them, and although 1t 18 possible to
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make these studies, the field of electron diffraction ts more promising
This field is, however, so new that we are still at the stage of learning
to mterpret the results
pr powranp  And also dJectron-microscape studies have been worked
out



CHAPTER 22

A Review of Analytical Methods for Beryllium

WILLIAM F. NEUMAN, rip.°

In this review, analytical procedures for beryllium are to be considered],
with emphasis on the analysis of biologic specimens In dealing with
biologic materals, there are a number of limitations which have to be
considered before any analytical procedure can be critically evaluated
In the first place, the L D 5, 1s important m detenmining the sensitivity
required of any analytical p dure. Beryllium ad d mtrave
nously 1s very tovic; the L D 501 approsimately 036 mg./kg Thus, for dis-
tribution and excretion experiments, not more than 02 mg /Ag. can be
admunistered. At such a dose level, many tissues may be evpected to
contam 0 1 microgram per gram or less Thus any procedure to be useful
must detect with accuracy quantities much less than one microgram
Secondly, since there arc a host of other elements present in any
biologic sample, the method must be highly specific and not subject to
interference by relatively large proportions of similar and disstmilar ele-

ments,
Thirdly, since the lngh toicity of beryllium requires that ultra-micro-
technics be applied, rigorous precautions must be exeraised in all phases
of the study to insure aganst possible contamination.

Preparation of Samples

One of the techmcal difficulties atte
samples is the volatlity of the chloride of beryllum
chemical method can be expected to give rehable results u
matter is first removed, In our experience, temperatures as high as
600° C are required to give complete ashing of most tissues Bery]liu{n
chlonide boils at temperatures over 400° C. Since all tissues contain fait
Dusion of Pharmacology, Atome Encrgy Frojects

nding the analysis of beryllium
No conceivable
nless all organic

® Head, Biocherustry Section,
University of Rochester, Rochester, New York
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amounts of chloride, varying quantities of berylium will be Jost in ash-
ing. Unne 15 particularly troublesome wn this respect.

Two alternative schemes for ashing are available Samples may be
wet-ashed 1 sulfunic acid (Kjeldahl procedure), i this method all
chlondes are distilled off before the temperature nses above the boling
pomt of berylhum chlonde, Although this procedure has not, as yet,
been tested in our laboratory, no technical difficulties are to be antici-
pated. In general, wet-ashing technics are tedious Accordingly, a pro-
cedure developed m our lab ry offers some ad ges The sample
15 placed m a plabinum crucible together with 2 gm of sodtum pyro-
phosphate, and placed 1 a muffle furnace The temperature 15 raised
slowly and left at 400° C until all carbonaceous material 1s burned off.
The samples can be dissolved with the aid of heat in small volumes of
2N HCl

Analytical Methods
Two chemtcal, one fl and the sp graphie methods for
determimng beryllm have been studied
Colormmetric Methods  The method of Farhall* was studted 1n de-
tal 1% Several difficul were I with the p d

as
g reported by Fawrhall. The berylhwm sample was muxed with 1,4 dihydroxy
anthraquinone, £ sulfonic acid m ammomum acetate buffer at approui-
mately pH 70. A red color 1s produced 1n contrast to the yellow blank
It was found that pH control was cnitieal and, since it 5s a well-known
fact that the ammonium acetate does not buffer at pH 70, histidine
hydrochlonde was sul d Heahing app d to be necessary for full
color development Spectrophotometric analysis of the color of the blank
and of a beryNium sample showed that masimum sensitivity 1s obtained of
hight of a wave length of 575 milimucrony 15 employed The limit of
detection 1s of the order of 05 micrograms. The standard error 15 12 per
cent Many substances mterfere, among which are F, Fe, POy, and Al
Another procedure,’s” developed m our laboratory, utiizes aluminon
(aunn tricarbovy he acid) as a color reagent Dr Hothstem had noticed
that herylum aterfered m the determmation of alwmmon  Further
study showed that this reaction could serve as a method with some
ges and some disachantages, as pared with the Farhall pm-

cedure Berylum 1s mixed with at at plt 75 m
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chlonde buffer. The color produced is read against light of 535 mull-
microns wave length The limit of detection ss 1 microgram, The standard
error is about 10 per cent, and again many substances interefere, par-
ticularly Fe, Al, Pb, Ca, Cu, and Mn. PO, and F when present in excess
(10 or 100 to 1 moles) also interfere.

Fluorescent Method  Fairhal!® also reported a fluorescent procedure
for the analysss of beryllum samples Again, it was difficult to duplicate
Fairhall's reported results 2 Vanations i the ratio of dye to berylliom
and pH were observed to have pronounced effect on the fluorescence pro-
duced by a given quantity of beryllium. Beryllum was mixed with 1
amino, 4 hydroxy anthraqumone n diethyl amne buffer at pH 113 The
fluorescence was read on a sensitive fluorometer bult i our laboratory.
The hmit of detection 1s about 05 micrograms. The standard error 1s
about 12 per cent and agam many substances mterfere, prneipally Ca,
Mg, Fe, Cu, and Mn No problem was offered by POy, F, and other cont-
mon anlons—an advantage of this method.

Spectroscopie Method,  Dr Steadman™ has investigated the spectro-
graphic method for beryllium analysis As mught be expected, bery Hium,
having a simple enussion spectrum, 15 an element which is particolarly
suited to spectrographic analysis Without the need of special semsitizers,
very high sensttivity can be attaned Employing fairly standard technics
~a commercial Bausch and Lomb spectrograph, DC carbon arc with
cither platinum or widium as an mternal standard—as httle as 0.003
microgram van be detected (234§ A) By shiftmg to another Line
(2494 &) greater amounts can be quantitated, up to 10 mscrograms. ﬂ]e,
greatest drawback 1s the esror, which for a single determination probably
15 of the order of 25 per cent No chemical separation 15 necessary suice
beryllum distils with difficulty and other elements do not materially

interfere
[0-150K

Ra’f"he’re :f:’(\vo radivactive 1sotopes of bers lhum which might be usefut
Be® and Be? The principal difficulty in the use of both of these ‘f d\::
of obtamg samples of sufficient actity Beryllium has a small cror‘
section” and therefore requires long bombardment time For our p\;
poses, Be was more useful This 15atape 15 produced prmcipaily by e
bombardment of hthium by protons. Smee 1t 1s a transmutation reaction,



A Review of Analytical Metheds fot Beryllum 355
pure 1sotopic berylhum 15 obtaimed and the sample may be diluted with
inert earner berylhum to give the desired speaific activity. This 1sotope—
Bel—is a gamma emitter Although no gamma-counting tubes are com-
mercally avatlable, almost any type of Geiger-Mueller tube will register
gamma radiation In our laboratory, the mmmersion type designed by
Bale proved to be more efficient than the popular mica-window type of
tube,

In brief, the essential details of the radioactve techmic of studying
berylum are as follows:
A hthum target 1s bombarded with a proton beam for about six
hours in the University of Rochester eyclotron
The sample 1s dissoh ed 1n 0 3N HC, diluted, boiled, and filtered,
Then 01 to 10 mg of berylhum carner 15 added, plus 10 mg of
zine The solution 15 made alkaline with ammoma at the hotling
pomt. The precipitate which forms 15 filtered and washed with
ammoma The sample 15 reprecipitated without zine, washed,
dissohed 1 dilute HCl, and neutralized to pH 4 or 5 The salt
concentration 1s adjusted to 09 per cent

—

o

3 Generally one obtamns for injection purposes 50 cc contammng
250,000 ¢/m

4 A mmum of 50000 ¢ ‘m are administered to the expenmental
anumal

5 Tissues are excised, dry-ashed, dissohved w 2N HC, and counted
Only prelumnary distnbution data were available in time for clearance,
therefore, we are unable to discuss further the apphcation of this techme

Summary

Procedures for the analysis of biologic specimens for therr beryllum
content are discussed Two colommetrie, one fluorescent, and the spectro-
geaphic methods are presented, together with data on the accuracy,
sensitivity, and speaificity of each

The ad of, and ey I procedures for, the use of beryl-
lium 1sotapes are also reviewed
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Discussion

THOVMAS M, DURKAN®

The determmnation of minute quantities of berylhum in biologic material
has always been a difficult problem and Dr. Neuman's contsibution to
the subject is a very uscful one. When tissue from the first Salem and
the Cleveland cases was recerved at the Saranac Laboratory about four
years ago, we were not in a position to test carefully the analytical pro-
cedures for beryllum suitable for merogram amounts. Several chemcal
methods were described in U. S. Public Health Bulletin 181 but it was
stated that none was entirely satisfactory and that correction graphs
must be developed from samples containing known amounts of beryllum
We therefore relied more on the spectrographic determnations of beryl-
lium which were made for us by several different laboratories, Mr.
Poritsky of the General Electric Company, who presents a papert i this
symposium, has carried out many spectrographic analyses for vs In at
least two of the cases, berylhum was determined chemucally by Dr.
Fairhall,

It 15 interesting to note that Dr. Neaman found the analytical methods
adequate for his particular survey problem but not sahsfactory for un-
restricted use in biologic studies We still need a fauly universal chemical
method that can be apphed to all kinds of biologic material and wall
yield reliable values Within the past year Dr. Klemperer has setup 2
biochemical laboratory at Trudeau to study this problem and attempt
to work out a better analytical procedure The method must be 3¢y
sensitive since Dr. Neuman has estimated that it should be capible of
detecting as little as 0.5 microgram of beryllinm It should also be ﬂdﬂP‘f;‘
to a wide range of berylhum concentrations. Thus the amount of hcl? -
lium per gram of tissue mn the first case of the Saranac Laboratory series
was 0.06 microgram, m the second case, 4 micrograms, in the third ca;ed
33 micrograms. These three values encompass a range of moie than 5
to L

Dr. Neuman potute ;
organic porhion of biologie material by ashing the specimen in

« Assistant Director, The Saranac Laboratory, Saranac Lake, New York.
t See Chapter 27. (Ed )

d out that the common practice of elminatng the
a muflle
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furnace may volatilize beryllum as the chlonde unless provision 1s made
to fix 1t as a stable salt, such as the phosphate. It 1s often overlooked
that dry ashmg even at the comparatively low temperature of 500° C
may lead to the loss or alteration of morgame components of biologic
specimens Mr Donald Bailey of this laboratory has found that the crystal-
lographuc structure of such a stable mineral as quartz may be destroyed
by dry ashing when an excessive amount of alkalt salts 1s present m the
specimen,

The disclosure by Dr Neuman that there are two radicactive isotopes
of berylhum emitting gamma radiation that can be traced with a Geiger
counter offers great possibilities m studying the distnibution of beryllum
m the expenmental ammal Perhaps greater attention should be directed
to the use of tracer technics m the beryllum ivestgation

In conclusion I should like to ask, first, are these radiwactive isotopes
available for our use, and second, will the method which Dr Neuman
has outhined be publshed m any techmical joumal 10 the future? Also,
how did he reprecipitate the beryllum without the zinc?

Further Discussion

oR. NEUMAN, 1 will answer the last one first Agan with ammona and
mn this case yoxt use a very retentive filter paper and you won't lose much
beryllum We always add 10 mg of mert beryllum as & carner smce
obviously, 1f we were trying to precipitate a tenth of a microgram of the
1sotope, we would not be very successful

Twill refer both the first and the second question to the representative
of the Atomic Energy Commission, Dr Howland
DR HOWLAND: We are very fortunate 1n having with us today a repre-
sentatsve of the Isotopes Branch of the Atomic Energy Commssion who,
1 am sure, would be glad to comment on these questions Dr Albert H.
Holland

oR HoLLAND  With regard to the production of beryllium 1sotopes, there

are two separate problems mwolved, as you have heard Dr Neuwman
mdicate Of course, Mr Durkan 1s most anvious, as most investigators are,
to obtam this matenal and get started on some of these problems The
43-day 1sotope Be? can only be produced by cyclotron bombardment It
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15 notoriously expensive to obtam and, proportionately, the yield of active
matersal is quite small Those faterested in acquiring further information
may do so by contacting the U. S, Atomic Energy Commssion, Isotapes
Division, P. O. Box E, Oak Rudge, Tennessce,

The other beryllum 1sotope, Be'®, has not gone into production at
Chnton Nationat Laboratorics, wlnch is the manufacturmg pile for the
1sotope distnbution program. It is unlikely that this 1sotope will ever be
avaable for investigational use, since 1t has a half-lfe of the order of
10,000 years.

It should be painted out that, once you have placed an order for Be',
your problems are really just beginmung, as Dr. Neuman has previously
imphied This 15otope 1s a gamma emitter and requires the practice of
cousiderable personnel protection precautions, as well as rather expensive
radiation measuring and momtoring equipment 1 order to attain safe
working conditions
pr. nowrLano  The next question, when will Dr. Neuman's paper be
published? That 1s difficult to answer If st has nothing patentable 1n it,
1f 1t 1s not mmmediately uscful, we conld have 1t out in short order, People
have the 1dea that, to get papers out for clearance is a difficult thing
Actually, 1t’s a fast thing, It depends on having enough imtiatne and
enough nerve to go ahead, I think Dr Hodge can vouch for that, That
answers the three questions

T think 1t would be an excellent idea to call on Dr. Klemperer for a

few comments.
b xeesrerer [ am glad 1 can bring out the difficulties in determinng
beryllum We have beard in the last few days about analy tical determnd-
tion of beryllum which had been carned to the third decimal. Such data,
1 believe, have to be taken with a gram of salt,

Fust, if any data are published, they cannot be interpreted unless the
method 1s published i detail. Second, order to evaluate analytical data,
we should know the recovery of berylinm added to the unknown Beryl:
Jium is a substance which 1s notoriously hard to handle. It has a tendency
not to preciptate when 1t is alone, and then to coprecipitate with every
thing else.

wa certamly looking forward to Dr. Neuman’s new method and hope
that all the difficulties will be solved
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Another point which T want to bring up probably 1s known to all of
you, but perhaps 1s not sufficiently appreciated When we hear of one
microgram of beryllum, we should not forget its low molecular weight
One microgram of beryllum, bologically speaking 15 more than twenty
times the amount of one microgram of lead
or putea 1 beheve T ought to say hung about the three-d \
place estunations of berylhum, because they all came out of our labo-
ratories The chemnt, Mr Cholak, who developed the method, which
merdentally has been submitted for publication and remodified shghtly
smce then, will he here tomorrow and will discuss 1t in detal Any ques-
tions or remarks on the subject can be directed to hum at that time,

or acate I would ke toask Dr Neuman whether hus methods, new ot
old, are applicable to bone New chemical methods are being evolved
n England which, though not applicable to bone, are applhicable to all
other tissnes

DR NEUMAN I hope the method will be good Dealing with pure
solutions, 1t 1s The part of my manusenpt which was deleted for secunty

reasons dealt with the 1solation of bervllium I cannot vouch for the
errors or

of the p lar p d which was developed
at another laboratory T can say this much, that otir emphasis to date has
been to develop a method that is good to 5 per cent, then we can study
1solation procedures T don't know whether or not the extraction procedure
T wonld like to have told about could be used on bone, but 1 thmk it
should be applicable Qbviously, p

Jut

p methods are very danger-
ous when apphed to the <mall quantities of material present 10 bolagie
specimens



CHAPTER 23

An Analysis of Dust and Fume Hazards

in a Beryllium Plant*

SIDNEY LASKIN, ROBERT A, N, TURNER,{ AND
HERBERT E. STOKINGER, PILD.}

In the fall of 1946, an mvitation was extended to the industnal hygiene
group at Rochester to visit a beryllum plant among whose personnel
defimite hustories of beryllum poisoning were known. A survey of this
plant (designated as Plant B) was therefore made with the primary
purpose of providing mformation which would serve as a basis for tou-
cologic investigations of berylllum at Rochester. This survey included an
examination of the plant operations, the medical history, types of beryl-
lum p g cl 1stic of the plant g 1, and a survey of the
p]Ar‘lt environment This report is a summary of the results obtained and 15
divided nto two parts. The first 1s a review of the plant operatrons and
1ts medical history These are presented for the purpose of characterizing
the types of beryllum posoning and in order to indicate the major
beryllum compounds 1volved in the reported case historres The results
reported are based upon records of the company health departmenf and
reports of the company physician and the district resident safety engineer,
Mr. R A. N Turner The second part of this report presents an analysis
of the plant environment 1n terms of atmospheric dust concentrations,
dust particle sizes, and types of substances mvolved in varous operations,
and are the results of the survey made by the Rochester group at Plant B
. ¢ Harold C Hodge, flead of the Dni-
s S el e

of Medicime and Dentistry, Unnersity of Rochester

1 these stuches . n
f Resident Safety Engmeer, Madison Square Atea, Atomuc Energy Commisso

Present Address Harshaw Chemcal Co, Cleveland, Ohto

Etllead\ I;z;uxmal Hygrene Section, Dusion of Pharmacolagy, Atomic Energy
Project, Unnversity of Rociester, Rochester, New York
s
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\mrl:ers, tberelore, has beep used yp, Plan; Bas, Tough baromerer 0
indiwdua suscepubxhty to resp:mlory tracy involvement.

The Secong type of skin mamfestahon, the ryllium ulcer, occurred
in the Same OPerationg as thoge Tesponsipje for the demmmis cases The
Prerequisy,, or thyg Conditiop Ppeared y,

3 all ystals of

skin jngg Whiely ¢, bcryllium Auorige Or sulfage became
eMmbedde, °re was o tendency of the Surface layer of the skin 4, heal
Ver the e, Iystal ang indurageq © The papule

ady yy, th © ereage the g, ndy, €puthelis} layers and a
Increaga h bers o, £l Oblasts ) hing ¢, uleer, 1, most
Mstances, , definyte crysta} Tagment ¢ ident, 3

ulcer Occurreq 2 exposeq parts, parhcuLery the forearn, and

hzmds, Was (Iiscrere, and a5 4 rule, Single, 13 caused g, distress unless
Wfecteq °r locageq near 4 Jount, yf neglected, 4 e lesion Persisted ynyy

lon Center Occrreq, ealing diq not
and curet.

Respxmtory tract mamfesmuons Were classifieq in the €ase histories

accordmg to the Tegions of the respzratmy System nvolyeq, These include
chertis chemycyp bronchxris, and

aried
€ Untatiop, of the nasal ang pharyngeal Mucoys Membranes vy
T2 dermagyyg of the face

nd throgy associated wigh

S, Manifestog by bloog clots bemg blown from the nose, As
. € Was a diffyge Swelling of the mucoys
Stavis o Secondary 15
Me untregtef cases,

The py Lents were

2 ruje, Cough ywag R0t presens Ther
Membrapeg With 5 considerypla hyperemy, Ep;.
Vasculay enlargemcnt 0 the pag micosa I g,
ISsures Occurreg and Persisted g, o monehs
afebrile and chegy and Iabomtary b‘ndmgs ere negatyye,
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Chemical tracheobronchitis occurred from the same operations as the
nasopharyngitis cases It was charactenized by cough, riles 1n both lungs,
but by normal serial genog) The plamt was the
cough, productive except for 1 blood-streaked mucord spu-
tum Symptoms of nasopharyngitis were usually concurrent, and m
addition some patients showed mild dyspnea, anorexia, and weight loss.
Rales, characteristically present in the early phase of inspiration over the
lower lung fields, were fine carly 1n the disease, later becoming coarse

Vital capacity was reduced There was an occasional Jow-grade fever,
associated chull, however, never occurred, Complete rest was required
for recovery Contmued work dunng this illness proved dangerous
aither delaying recovery, or n a subsequent development of true
pneumonitis
Chemical pneumonitis represented the severest form of beryllum
poisomng It developed 1n workers on many different jobs under varyng
d No smgle op could be g Ily 1solated as the source
of exposure Four deaths were reported i 1943, on which case histories
are available for 3 The findings showed that the pneumonitis progressed
either to complete recovery or to death Typical symptoms were cough
with occasional blood-streaked sputum, substernal burning pain, short-
ness of breath, cyanosts i most cases, abnormal taste, anorexia with some
weight loss, and increasing fatigue The dominant physieal findings were
rapid pulse, rdles 1 both lungs, and a reduced vital capacity Signs of
wnfection were conspicuously absent The temperature was not greatly
elevated except m the termmal states of the fatal cases Erythrocyte sedi-
mentation rate was essentially normal Blood counts and chemical find-
ngs were also generally normal
TRoentgenologic changes 1n the lung fields did not usually appear until
two or three weeks after the onset of symptoms and physical signs
Changes were bilateral and diffuse m all cases and vaned with the
seventy of the disease In order of appearance the changes were, (1)
diffuse hazimess of both lungs, (2) development of soft wregular areas
of infil with of penbronchual 3} In the termmal
cases, further signs of consolidation appeared In those cases which

recovered, there was an absorption of the soft infiltration and the appear-

ance of discrete 1 nodules d through both lung

fields This was followed by clearing of the lung fields after from one to
three months, As a rule clearmg of the lungs on roentgenologic examina-
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1 bsud

tion occurred before P

of all physical sigos
Necropsies on several cases showed a typical pneumomtis. The patho-
logie findings were similar, Significant changes were found only i the

or dis

of symp 13,

lungs The tissue sections showed large numbers of plasma cells, the
relatve absence of polymorphonuciear infiltration, dhffuse pulmonary
edema, and h hage Fibroblasts with evid of org; were
present, although no Bbrosis was found on roentgenologic evammnation of
recovered patients

Tasrr XLVII]  PERCENTAGE CASE FREQUENCIFS OF BERYLLIUM POISONING IN TERMS OF
THE PRINCIPAL OCCUPATIONAL DISEASE MANIFESTATIONS

Dermataogee Raspsratory
Av no Cass Av no Case
Year Totalno  cases per frequencym  Toralno  cases prr frequmcysn
cases month Goemplayess caser month Coemplayees
194 B 108 [132) 32 167 177
1944 8 067 056 9 07s 063
1935 24 200 177 17 142 126
1946 23 19 282 10 083 122

Table XLVI shows the hustory of berylhum poisoning at Plant B as
correlated wath the principal compounds mvolved m the respiratory and
dermatologie disorders. Tables XLVII, XLVII, and XLIX present an
analysis of the plant medical records showing the relation of the com-
pounds to the case frequencies. This analysis cannot be considered
entirely accurate beeanse the avalable records were mcomplete wath
respect to mdividual oecupations, the total number and sex of the per-
sonnel exposed and time-production data for each of the operations. In
addition, several of the case histories represented recurrences, The

analysis, therefore, 15 p d as a gude m desenibing the extent of
the beryllum hazard at the plant

In table XLVI four berylhum materials compose the list of substances
unplicated 1n the entire number of 136 reported cases: berylum sulfate,
beryllum fluonde, beryllum metal, and the beryllwum-copper alloy
Dunng the four-year period reported, case histories of respiratory tract
manifestations were imputed to all four substances, To only the sulfate
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and fluonide operations, however, were ascribed cases with both respar-
atory tract and dermatologic manifestations

The general plant hustory shows 43 cases for 1943, a large number for
a plant this size, duning which time 3 reported respiratory fatalities
occurred {1 m sulfate and 2 1 beryllum copper production) Although
a defimte decrease 1s shown for 1944 wath only 17 cases reported, the
meidence apparently returned to the 1943 level m 1943 and 1946 with
41 and 83 cases reported respectively Durning this period, enclosures of
various operations {particularly the sulfate) were made by the plant
management The effects of these and an increased medical viglance by
the company health department are reflected 1 the absence of cases m
the beryllm-copper production after 1944 and in the decrease of respir-
atory cases in the sulfate operations Beryllhum fluonde cases, however,
accompanying an increase 1n production, showed a defimte merease
reaching the proportions of 26 out of 36 reported cases m 1946 The
cases attributed to beryllmm metal appear only m 1946 { see table XLIX)
The seventy of the disease 1 mdivadual cases decreased dunng the
reported period This 1s mdicated by the relatve ranges of time lost
given m table XLVI

The range of ages of the workers, also shown in table XLV1, appeared
to be usual for this type of mdustnal worker, with a range of between
20 and 50 years The periods of service show that the average exposure
for the acute respiratory mamifestations were from one to four months.
Several of the respiratory eases showed mamifestations as early as from
three to ten days after exposure, indicating possible allergie responses
The dermatologic responses appeared withm an average exposure period
of from seven to ten days with the earhest reported cases appeanng m
from two to three days

Sex differences between the case histories and types of manifestations
could not be completely analyzed because records of the number of
males and females engaged in each operation were not available Incom-
plete records on case lustonies also prevented an amalysis n terms of
speerfic occupations The tvpes of ocenpations listed among the case
Iustories include diverse categories as process operators, furnace tenders,
maclimsts, foremen, construction workers, mamtenance help, and elec-
trcians

Table XLVIL, showmg the case frequencies of beryllum possoning



372 Pneurnocomoxis

nnually, oy the t, also Presents , Partia} Analysi with Tespect ¢
se Sults g, &nen i, terms of Percey, 8¢ frequeng nd
terms 1e rate Per mugpg, hours , \Posure, © plant poq an
Ceptionayy,, high 1, or Umoyer, tota] p, b ndividyggs er
Posed g not p, Mmed g “Quencjeg ,, s ther, fore, based
UPon avep, € tota] p, thiy bers €mployees and ¢ Man-hayys
of \Posure detery ined g Payrof yo, d.
or the re [our~_\ ear per; of the 6 rep ted cages of bery g,
pmsomng 17 Per ¢, ) Were Males 4 ( Per ceny) Were
females, The Umber of cmployees durm, thi Tiod was 1p 26
Per mopy f Whicl, 79.3 cent e, males apg 2 cent yery
female, Mation of ¢, Yearly Tecorq ; le XLy Shows the
nlthcuch th € figureg ndicate g Sigmficany differ, e bety eep the
Sexes, ] ema], ol enmge !requency Tate vy, ppronmately twice
that of male , € periods from througp 1946, the
ale Jif l’requency Tates 1gniix‘mnt1y igher thay, those of

mg Percent, e e
the female urther Study of the 1943 Cases Indicates the higher female
Tate to pe pnmanly Among sulfate employeas sIlowing respimfog* mani.

238.1 acerdents Per mulion man-hourg
of 40 Syep, values chargg.

of the chief mani-

the entire Pperiod,

total numper of

ic and the Tespiratory

alues show 5 Sigmbeant .

crease 1 the dermafolognc cases (Iun'ng the Teported Period, spisp, d\ aoh;i:
of 072 per cent and 0,56 per ceng Obtameq in 1943 ang 1944, angd o

EStations of the Occupatign,) disease 5p Plant For



An Analysis of Dust and Fume Hazards in a Berylwm Plant 373
per cent obtamned n 1946 For the respiratory tract mamfestations, only
a shght decrease 1s evident ‘The highest value of 177 per cent was
obtamed in 1943 corresponding to salues of 126 per cent and 122 per
cent 1 1945 and 1946, A sigmficantly lower value of 063 per cent was
obtained m 1944,

Table XLIX shows the case frequencies considered to anse from ex-
posure to the beryllium substances The results alfustrate the points made
with respect to these substances under the general discussion of table
XLVI For the entire period the average monthly percentage frequency
ndicates the foll fi of the of from the
most hazardous to the least hazardous, beryllinm fluoride, 146 per cent,
beryllum sulfate, 104 per cent, berylhum metal, 0.37 per cent, and the
beryllhum copper alloy, 018 per cent.

g relative

Further analysis of resp y and d logi f mdi-
cates a difference between those caused by sullate and by fluonde For
the d i i ions, the average freq y obtamed with

the fluoride 15 olughﬂ' than that obtamed with the sulfate Ths 15 sumlar
to the total fluonde and sulfate frequencies, with values of 098 per cent
and 049 per cent respectively In the case of the respiratory manifesta-
tions, however, the sulfate frequency was 055 per cent, or shghtly larger
than the fluonide frequency of 048 per cent.

Survey of THE PLanT Covnimions

A survey of the environment of Plant B was made by members of the
Industral Hygrene Section, Rochester Atomc Energy Project, in Decemn-
ber 1846 ° In addition to the primary purpose of providing information
for towicologie work at Rochester, this survey had several oljectives
These mcluded (1} the ct 1on of known | dous areas of
the beryllum plant i terms of atmospheric dust and fume concentra-
tions and particle size, (2} the procurement of various samples of indus-
trial Is for subseqs develop of methods for recovery and
analysis, and (8) the testing of vamous types of atmospheric sampling
devsces for Seld nse and the determmation of thew relothe value when
apphed to beryllwm mdustrial hygiene problems

At the plant a prelimmarv study was first made of the nature of each

© Addional personnel mding in the collection of samples were Dr F Bryan and
Mr & Wikon, Engimeering Department, Atomic Energy Projct, Unnersity of
Rochester, Rochester, New York
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of the various operattons The most hazardous dust and fume areas m
operation at the time were selected for sampling These mcluded the
beryllium metal and the beryllium fluoride furnaces, The ore treatment
area was also selected, despite the lack of a history of toxic beryllum
exposure in this area, because our mspection showed an e\lrcmcly dust)’
arca and suggested a future potential hazard at this site.

The Dust and Fume Surcey  Samples of the atmospheres present 1t
and near the selected areas were taken by means of each of the following
methods: the modified cascade mpactor, the flter paper dust sampler,
and the MS.A. midget impmger™ The samples collected with the
modified cascade mmpactor and the flter paper dust sampler were
taken at a sampling rate of 14 L. per minute. Those collected with the
midget impinger were taken at a sampling rate of 0.1 cubie foot per
minute. Most of the collected samples were analyzed chemically for
berylhum using the spectrographic method of analysis. ™ Recovenes of
berylhum from the samples were made by methods developed by Dr W.
Neuman and Mr M Cucer ® Several of the samples collected 1 each
area were analyzed for fluorme coutent by Dr F. Stuth® using a mod-
fication of the Willard and Winter distillation and thormm ahzatin
titration

The results obtamed for each of the areas sur eyed are given in tables
L, LI, and LI} in terms of concentrations of beryltinm or fuorine pr
cubte meter ot air, Table LIIT shows the particle-size mass distributtons
obtamed with the modified cascade impactor at each of the areas

Beryllium Metal Furnace  As shown 1n table L three apfrﬂ]flf)’;‘:;
phases of the beryllium metal furnace were sampled These uw“'od
the pouring period, the coke-removal period, and the jmmediate Per;e
after operations. All of the samples taken during the pouring and C;’m;
removal penods ecept samples No. 5, 6, and 14 were k.a\e" B

q i t of the furnace opening. Thest
positions of from 3 to 6 feet in fron . eaged
phng positions corresponded to the ones in which the men ;nbﬁ;m‘
m the operation were working Durmg the pounng "P"'“"""[S'b:":m“m
paper and the cascade mmpactor samples showed 2 rmr‘:’-" o ?unplt'
concentrations varymg from 143 to 471 mg /ma The impmger 82 .
thes . onificantly Tower berltium
corresponding to these samples yselded @ sig Y ateations
concentration value of 0293 mg/m? The berylhunr i concentes

New York
« Atomic Encrgy Project, Unn erity of Rochester, Rochester, New Yor
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An Analysis of Dust and Fume Hozards in a Berylum Plant 379
decreased duning the col 1 period as ind d by values of
0110 mg /m.’ obtained with the filter paper sampler and 0533 mg /m?
obtamed with the cascade mmpactor The wnpmger also showed this
decrease and also ficantly lower ions than the other
methods, a range of values of from 0059 to 0082 mg, m? were found,
Correspondingly, the mmpinger values analyzed for fluonde showed a
comparatively high value of 0.757 mg /m ? Two unpiger samples were
taken during the pourmng phase m a position over the top of the furnace
Sample No 5 analyzed for beryllum yielded 176 mg /m*, sample No
6 analyzed for fluonde 165 mg /m ¢ A filter paper sample taken during
the coke removal from a position 10 feet from the door of the furnace
Toom showed a fluorsde concentration m the same range as that obtaned
within the furnace room (0887 mg,/m.2) A sumlar sample taken in the
mmediate period after operations mdicated a decrease 1 fuoride con-
Centration to a value of 0061 mg /m*

All of the particle-size mass distnbutions obtamed withm this area
showed an atypical form of distnbution indicating a misture of dust
and fume sizes The size-mass medians and 90-per-cent-size lumts given
m table LIII show similar values obtamed for the two phases of the
operation Median values of 0 83 microns and 0 84 microns were obtamed
at the pouring and coke-removal operations The corresponding 90-per-
cent-size lintts were 1.72 and 112 microns respectively For the period
after the operation m the area of the room outside the furnace room,
larger particle sizes were found A mass median of 147 merons and a
90-per-cent-size lumt of 58 microns were obtamed

Beryllium Fluonde Furnace  As shown i table L1, two operational
phases of the berylium fluonde furnace were sampled These mcluded
the pouring peniod and the period immediately after operations Starting
from positions approvimately 3 feet m front of the furnace opening,

samples were taken durng the pounng period at varving distances
extending into the outer alley of the furnace room to approuimate the
area oceupied by the man engaged n this operation In the case of this
area, the impmger samples gave higher values than those collected with
the Slter paper dust sampler Samples collected with the cascade
mpactor were 1 the approxunate range of those collected with the
wpinger Berylhum concentrations ranging, from 0059 to 0070 mg /m 3
were obtamed at a position 3 feet 1n front of the furnace opening These
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decreased in areas away from this position to a valye of 0 014 mg./m? in
the outer alley 15 feet from the doorway to the furnace room, The two
filter paper samples at posittons 6 to 8 fect from the furnace opening
showed very low values of from 0002 and 0,009 mg /ma

The fluonde concentration in this area was of the order of one thousand
times that of beryllum. A value of 582 mg./m3 was obtamed for an
impmger sample collected 1n the 3-foot position where berylum con-
centrations ranged from 0059 to 0082 mg,/m, Corresponding to the low
Blter paper berylhum samples at 6- to 8-foot position, the filter paper
sample analyzed for fluoride also showed a relatively high fluoride value
(229 mg./m®). An impinger sample taken from a position 20 feet above
the furnace yielded a fluoride value of 641 mg./m 2, which is of the same
order as the value abtamed in front of the furnace. Sample 13 taken in
the area of the outer alley immediately after the pouring operation shows
the lowest fluonde value obtained, 082 mg./m.3 This value, however, is
still larger than any of the beryllnm concentrations obtaned

Both of the particle-size mass distributions obtamed durmg the pouring
operation showed normal types of distributions when analyzed as beryl-
lium As shown m table LIII simlar results were obtaned in both cases,
the mass medians were 2,60 and 2 32 microns. Correspondmng geometric
standard deviations were 227 and 2.24. The sample taken immeduately
after operations and analyzed in terms of fluoride show this material to
be present largely in the form of extremely small sizes An atypicnl dis-
trbution swas obtained m which the mass median size indicated a value
below 01 micron, The 90-per-cent-size limt for this sample was found
to be 15 microns,

Beryllium Ore Treatment The results obtained during the penod of
aperation of the rotary kiln dner are given in table LII in terms of
atmaspheric concentrations of berylum and fluoride Samples were col-
lected at varymg positions m this area ranging from 1 feet in front of the

discharge end of the kiln to the clevated ramp on the far side of the arez

Except for sample No 8, all impinger samples collected in this arca ndi-
cated lower values of beryllium concentrations than corresponding values
obtamed with the cascade impactor ant the lter paper dust ;nmplt‘r
i i the impinger samples gave

In terms of fluoride concentration, however,
the other methods. The beryllum

amed with
tugher values than those obtane h 10 0555 m/m*

dust concentration showed a vanation o
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over the entye area with the highest Concentration indicated 4 the
Tegion of the elevateq Tamp The atmospher;o Concentrations of fluonde
Were of the same order of magmtude as the beryllium dust concentrations,
Tanging from 0031 tq 1 17 mg /m The resujes showed the lowest value
Present m gy inmediate vicinuty of the otary hin, the value inereasing
1 the direction of the elevateq Tamp,

Normaf dx:tnbu(x‘ons Were obtamed gop Particle.s;ze samples taken i
this areq, As shown table LIIT 4 mass median 51705 obtamed were
very large, Tangung from 9 g5 to 10 O microns, the corresponding Leometrie

08 to 257

Pherie Contamnagty resuhmg from ygp of these ores, g Quantity of
Settled dygp foungd y, the ore Processing arey a3 also remoyeq for

A prehmmary test for radloactxwty \Vas made by placing the o, speci.
mens over 5 sheet of Xeray fim Protected by a 1/18pch cardboarg
envelope After €Yposure for twenty-tyo hours defimte autum(hograph
28 produceq With the Suspected ore N, traces of radiation were detect.
able m he other aro Specimens

© 0%¢ specimeng and the settteq dust specimen Were analyzed for beta
Ectiuky by Ay, R Hayes o Table L1y shows the results obtameg n terms

0wed 4 SIEMBCANt ammyyne of mduonchv:ty All other samples showeq
ues Joy, enongh 1o 16 withn the backgroung €OUNt or errgy of the
aly tieq) Metho

' Senice Dis gy, Depirtment o Radiology, Atomye Energy Progect, Unrsersty o
iester, FRochester, New Yor,
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deereased in areas away from this position to a value of 0014 mg,/m3 10
the outer alley 15 feet from the doorway to the furnace room, The two
Biter paper samples at positions 6 to 8 feet from the furnace opening
showed very Jow values of from 0002 and 0009 mg /m3

The fluoride concentration in this area was of the order of one thousand
times that of beryllum. A value of 582 mg/m3 was obtained for an
mmpinger sample collected in the 3-foot posttion where beryllium con-
centrations ranged from 0.059 to 0 082 mg /m8 Corresponding to the low
Elter paper beryllum samples at 6- to 8-foot position, the filter paper
sample analyzed for flnoride also showed a relatively high Ruoride value
(229 mg /m.?). An impinger sample taken from a position 20 feet above
the furnace yielded a fluoride value of 641 mg./m 3, which is of the same
order as the value obtained in front of the furnace. Sample 13 taken in
the area of the outer alley immeduately after the pouring operation shows
the lowest fluoride value obtamed, 0.32 mg,/m.? This value, however, 15
still Jarger than any of the beryllium concentrations obtained. )

Both of the particle-size mass distnbutions obtained dusing the pouring
operation showed normal types of distributions when analyzed as beny-
Ium. As shown in table LI symilar results were obtained in both cases,
the mass medians were 260 and 2,32 microns. Correspondig geometnc
standard deviations were 2.27 and 2.24. The sample taken immediately
after operations and analyzed in terms of fluoride show this mafen‘al to
be present largely 1n the form of extremely small sizes. An atypical dis-
tribution was obtained 1n which the mass median size mdicated a value
below 0.1 micron The 90-per-cent-size himit for this sample was found
to be 1.5 microns. gof

Beryllum Ore Treatment. The results obtained dunng u:.e peno f
operation of the rotary kiln drier are given in table LII in terms ‘3‘
atmosphene concentrations of berylhum and fuonde, Sdm!ﬂﬁ “'““"_:hc
lected at varying positions in this area rangmg from % (eet. in (ronl: On "
discharge end of the kiln to the elevated ramp on the far snde‘uft e i;:(h-
Except for sample No 8, all impinger samples collected m tlnj Me:n]ups
cated lower values of beryllium tions than corresy S e
obtamed with the cascade impactor and the flter paper dust samp i
In terms of fluoride concentration, however, the impinger sam‘}:les l[lll:‘m
higher values than those obtaned with the other meihods Th:s ;r;\’ o
dust concentration showed a variation of from 0050 to 0528 mg
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over the entire area with the highest concentration indicated m the
region of the elevated ramp The atmospheric concentrations of fuoride
were of the same order of magmtude as the beryllium dast concentrations,
ranging from 0031 to 117 mg./m® The results showed the lowest value
present in the mmedzate vicomty of the rotary kiln, the value mereasing
1 the dircction of the elevated ramyp.

Normal distributions were obtamed for particle-size samples taken m
this area As shown 1n table LIII the mass medtan sizes obtaned were
very large, ranging trom 2.95 to 10.0 nucrons, the corresponding geometne
standard deviations ranging from 2 08 to 257

Analysis of Beryllium Ores' Dunng the plant sarvey considerable
interest was aroused in the group by the fact that one of the varieties
of berst ore used in the plant p was suspected of ing
uramum or other rad, e sub A ding to lable records,
at least three vanetres of bery} ore had been used n the penod from
1943 to 1946 Approvimately 30 per cent of the total ore used during
1046 was of the suspected varety,

Spot samples of each of the types of ores were secured for radio-
activity and chemical analyses In order to determme the possible atmos-
pheric contammants resultng from use of these ores, a quantity of

setled dust found in the ore processing area was also removed for
analyss,

A prelmmary test for radioactivity was made by placing the ore speci-
mens over a sheet of X-ray film protected by a 1/18-inch cardboard
envelope. After exposure for twenty-two hours a defimte autoradiograph
was produced with the suspected are No traces of radiatron were detect.
able in the other ore specimens

The ore specimens and the settled dust speeimen were analyzed for beta
actvity by Mr R, Hayes ® Table LIV shows the results obtamed in terms
of per cent of uranum by weight necessary to produce equiralent beta ac-
vty Results are also given for spectrochemical analyses of each sample

In terms of beta activity only the suspected ore type (Reryl ore A)
showed a fi amount af All other samples showed
values low enough to be withm the background count or error of the
analy tical method

" Senvice Dussion, Department of Rachology, Atomc Energy Project, Unnversity of
Tochester, Rochester, Now York
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The spectrographic analysis consisted of two types: a rough qualitative
analysis and an accurate, quantitative analys:s of the important constitu-
ents For the qualitative analysis all samples showed the presence of
berylhum, alummum, silicon, and small traces of iron, None of the sam-
Pples showed any d bl of arseme, cadmium, mercury, or

Tastr LIV ANALISIS OF BERYLLIUM ORE SAMPLES AT PLANT B

Co wranium by
wesght necessary
Sample Disersppron of Sample to produe Speceregraphic
equrcalent analysss
beta gernsity

Beryl ore A* Irregular crushed rock frag- 126 Qual.: Be, AL S,
ments and cryseals, Jight traces Fe
earth brown streaked with Quant.» 5 075 Be
yellow “frost ** 405U

045 Th
045 Pb

Beryl ore B Irreguiar crushed rock frag. Lessthan  Qual  Pe, AL 3

ments and crystals, pale oons traces Fe

s
translucent blue streaked Quant * 4 8% Be

with white quarez (pure

beryl
Bervl ore C Irregular crushed rock frag- Lessthan  Qual  Be Al SFA.
ments and cryscals, mived 0004 traces £e

light earth brown and pale Quane. 5005 Be

green, nfiltrated with

quartz and mtca 5

Settled ore duse  Light earth brown showing  Less thae  Qual nc{r ;::s F‘e,
(Processing many quartz-ltke crystals 0006 250 Be
room) About 200 mesh s1z¢ Quant asn e

* Qe soxpecred of contasnng radinssnve msterizls © both

thallum Although the bery! are sample A and the settled ore dus o
showed the presence of Jead, only the ore sample A contained uraniv

and other radiactive matenals soved the

The quantitative spectrographic analvsis of all samples showet e
beryllwm content to be approsunately the same, 48-50 per cent o
analysis of the beryl ore sample A showed the presence of 40{1 PZ]tent
uramum, and 04 per cent each of thorium and Jead, The lead lcm
of the settled ore dust was msignificant with a valve of only 003 per cent.

Discussion
The most haza

the
rdous of the three areas surveyed were those of
bervlam metal furnace and the beryllum fluonde furnac

¢ Since these
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fuonde fumace where the relutnve Ermie ceteerimaton wik OO s
that of benyFirzmn.

The resalts obtained sbow that for an rdnntnal bymere suney vaoh-
mg beryllium several types of sampling devices are requared For the
wsoluble benflivm dust. the £lter paper dost sampler and the cueade
Impactor gave better comcentration ralues than the nudgt rapumeer
In the case of finorine concentration and the <oluble ber M fhiondes,
howeser, the results indicate better values were abtamed with the mndget
mpinger Excellent particle-size results were obtamed with the Cascade
mpactor, howeser, several prehmmany samples taken on glass Wides m
the furnace areas mdicated the presence of many fume sizes aud aggres
gates of small particles This idicates the necessity of further study of
such areas using an mstrument such as the thermal precyptator

The presence of radioactive matenals shawmg the lagh beta actn ity
tharactenistic of beryl ore Type A mdicates a conmderable radon aud
thoron hazard The absence of this actis ity 1 the processed ore dist soy
gests that the radioactne matertals are wemored ditug the first opern
tions (crushing, and preluminan heat trentient) on that ore of the type
considered was not bewng processed during the peaind of the Dol
1946, sunvey  An additional poiut of fnterest is that no spevilie bistoy o
Posoming has been reported n the e g aiea These walts
suggest the possibihty of urandui amd ofley vadioac tye tnateriaby acting
synergistically or predisposing the cuney ol nonte T Jlinm: pobang
reported Further study of Uiy axpoct of s uahilo b foelicnted,

Summary

A suncy has been made of fudistiid bealth concitions of w bery i
phant in which many stances of baydlom potsosing have exfsted, The
survey ancluded an analvals of the dost wod fume data taken under
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aperating conditions at the plant, The results of this analysis have been
correlated with the medical history of the plant,

The plant 1n question praduces a technically pure beryllinm metal and
beryltium-copper alloy. The aperations involve grinding bery? ore, snter-
ing, camersion to the sulfate with sulfuric acid, furnating to the axide,
and treatment of the avide by acid fuoride, followed by a reduction of
the beryllum fuonde to yield metallic beryHiam. The berylinua-copper
alloy 1s made by heating copper with beryllium ovide in the preseace of
carbon, The atmosphenc contammation associated with these processes
15 in the form of dusts, fumes, and mists, Selected areas were sampled,
the selectian being based on past medical hustory of hazard'or ow obvioss
contamination at the time of the survey. Sites sclected wete the ore-

treatment areq and that sbout the berylum fluoride and herythum metal
fified cascade impactar,

{furnaces, Sampling cquip lof a
lter paper dust sampler, and an M.8.A. midget impinger, Samples were
analyzed m most mstances for both heryllum and fluoride.

Of the three areas surveyed, those of the beryllium fRuoride and beryt
haw wetal furnace showed the most hazardons concentrations of beryl
L and fluoride Most arresting was the disproportionately high Suoride
concentration near the fluonde furnace Concentrations 1000-fold that of
berylbum were found. Such high concentration of fluoride may represent
a hazard in sself The concentration of berylhum 3 fect from the {ur;
nace opening dunng the pourng operation was approvimately 0065
mg./m.* During the pouring operation of the berylhum mefal furnace:
berylhum concentrations vared from 14 to 47 mg./m*at approvmately
3 feet from the Furnace Samples for fluoride in this site were af the order
of 1.7 mg/m3, Near the rotary kin drier for berylitum ore ncatmctnf,
beryliugm dust concentration varied from 6050 to 0.53 mg/m ¥ ﬂ\“““‘k
concentrations in the ai were of the same order of magnitude A particle

inati as-
size analysis of the awr contamination samples iy means of the c1'
dian particle size of 0.6 sicrons m

cade mmpactor showed a 0 o
the viesuty of the berylhum metal furmace, 246 mlc{rons nert tobl Jt
beryllinm Auonde furnace, but sizes up to 10 microns in the ared @ t;}l‘l
the ore treatment soom, The insoluble berylium dusts wese most elfi-
ciently sampled by esther the caseade smpactar or the filter pqwr, d;:;l
sampler, but the audget impinger gave wote satisfactory recoseries

soluble berylliam fumes.
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Another problem investigated was that of bery! ores suspected of con-
taning radioactive impunities One of three suspected ores showed sig-
mficant beta actmity equivalent to 126 per cent uramum, which on
spectrochemical analysis later revealed 4 per cent uranm, 04 per cent
thorm, and 04 per cent lead Thus degree of activity represents a defi-
mite thoron or raden hazard and suggests the possibiity that uramum or
other radioactive materials may act synergistically or as predisposing
agents mn berylhum poisomng

The medical hustory of the plant over a four-ycar penod from 1943 to
1946 showed 136 cases of beryllum poisomng Cases for the most part
were confined to the preparation of the sulfate, the fluonde, the metal, and
the berylli pper alloy The 3 of exp were confined
chiefly to the sk and resprratory tract The former was characterized
by dermatitis and shin ulcer, and accounted for 50 per cent of all cases
The dermatitis, affecting exposed areas of the skin, was often severe,
bemng of the edematous, papulovesicular type \When the face was -
volved, there was mvanably associated conjunctivitts An element of
sensitivity was believed to be demonstrated It was not uncommon to
find mdwiduals showing both d and bronch Iy 1f
permitted to contimue work i the areas of the sulfatmg process and
Buonde furnace Chemeal pneumonitis presented the severest type of
berylhum porsoning and occurred among workers without respect to type
of process, Several deaths trom this cause were reported m 1943, typscal
symptoms were cough, substernal pain, shortness of breath, eyanosis,
anoreua, weght loss, and mcreasing fatigue Vital capacity was reduced
There was a low-grade fever Recovery did not occur 1f work was con-
tinued Exammation of lung tissue sections showed a large number of
plasma cells, diffuse pull y edema, and 1 hage
of the lungs were diagnostic

Previous to 1943 the plant had experienced relatively Iittle trouble, but
inerease i intensity of operations with the outbreak of the war, together
with Joss of tramed and selected personnel by the operation of the draft,
may be bisted as possble factors responsible for an epidemc effect

The general plant history showed a shift in the number of cases through
the years 1943-1946 During 1943 and 1944, the sulfate and beryllum-
copper pracesses were particulardy mvohed Following improved condi-
tions at this site, the production emphasis shifted to berylum fluonide
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CHAPTER 24

Summary of the Beryllium Problem in Connection with
Atomic Energy Production

JOE W HOWLAND, M D °

To construct a research summary which represents the true worth of a
senies of relatet experiments 1s difficult even when conditions are ideal
This would imply a sense of completeness of the andmidual problem, a
definite interrelationslup of the results, and a sense of immedrate apphea-
tion Some type of answer can usually be found for questious which
preface every tovicology pioblem, namely the type and extent of the
tovicity, the mechansm by which tostaity 1s produced, and the possible
therapeutic evaluations and control measures In all of these things. the
summary of this work 1s unsatisfactory and 11 no small part discouragmg,
After considerable review and digestion of the facts presented today one
1s tmpressed with two pertinent fudings

1 Analytical methods have been developed which are adequate for
the needs of the gencral survey problem but are defimtely unsatis-
factory for use i the study of biologte materials
More mmportantly the combmed efforts of the group lave been
unable to produce 1n st species of anmals a laboratory equrvalent

ta

of the chintcal prcture as seen n industrial workers with the acute
type of berylbum mtowcation, namely pneumomtis Up to the
present time, at least, this also applies as well to the development

of the granulomatous lesion of the chronie disease
1t would undoubtedly be most beneficial to discuss these experiments
m the hght of the varations i findings betwcen ammals and humans
In thus way, a much better unity m general organtzation cart be obtained

* Chief, Divaston of Medical Scraces, Atomic Energy Project, Univerty of Roches-
ter, Rochéster, Mew York )
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Again it may be possible that hght can be thrown on some of the dis-
crepancies which exist and possible solutions suggested.

It 33 nnnecessary to review the mtber concise chinical and pathologe
picture of acute berythum poisoning which has been reviewed at length
m other papers already presented. The findings in ammals are cousider
ably different and as smight be expected vary with the species and relate
to the routes of administration, I heal inje and inhalation of
tovie dusts and fume produce lesions in the tungs consisting of hemor-
rhage, edema, Focal atelectasss, and inﬁ.xmmamry evudate. No diffuse
mitesstiial infiltration was noted. Secondary foc appeared in the Iner
where central necrosis of cells was obsened and in the Lidney with
necrasis of tubular epithelum Admimstration of berylinum salts by other
routes produced sumilar changes, with less invol of the skm and
with #mitatsve lesions of the eye, 1€, conjunctivitts and heratitis

Laboratary findings Ihewise show no comparative significance. Where
the blood changes in humans are Jargely himited to those secoudary eficets
ansing from ineflective respiration of the tissues (relative polycythemiz
and slight increase in abnormal cells related to an active marrow} the
changes 1n animals show at maumum effect the development of a sec-
ondary anemia of nermocytic type, a mild leukocytosis, and an increase
m eirculating platelets.

Blood and urinary analyses revealed no significant effect which is con-
sistent m all species From thus one would fnterpret the didney and liver
damage to be of relatnely mild extent on a general basis Indwidual
ammal groups (rats and mice) did show evidence of Xidney and Iver
injury Findings in human cases to date have been likewise normal, 1o
all extent and purpose. .

Recovery phenomena m the acute poisomung ate of mterest in that
these alone appear to be roughly parallel The acute pathologv of b}"')"
lum and its compounds 1a both man and animals leaves behind §t no
demonstrable effect on the imalved organs, as far as is known

From the jak ry findings p 1 in this symy it pmnbl;
to hst many generahzations which may be of significant nature and IO
value. (1) That the toxieity varies n general with the solubtlity of the
compound, the more soluble forms showing the greatest toucity. By in
halation the soluble forms tend ta produce an acute effect and eatly mor-
tality and the iusoluble ones, chronc effects and pethaps late mortalily.
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{2) That a definite species sensitwity ewsts, The guwen piz and hamster
appear to be the most resistant specses, the rabbit and mouse the most
sensitive, {3) That amounts of soluble beryllum compounds in escess of
2 per cent of the diet cause a depression su weight of rats, Amounts up to
10 per cent of insoluble forms tested caused no reaction, Tovie mamfesta-
tions incladed the berylluan tichets syndrome (4] That eviraneous
) d the effect
or altered the type of pathologic response, Those agents studied nclude
physcal stress, bacterologic agents, chemeal porsons of kaown effect,
and sensitization 1 reactive speetes ($) That analytrcal methods are
bemng perfected including those of rad e or tracer nature (6) That
no granulomatous lesions have developed m anmmals surviving a perrod
of six to exght months

The survey and climeal reports here presented require separate com-
ment In the examination of the frequency of toviety agawst the site of
operation it was shown that the highest incidence 1 136 cases of acute
poisoning occurred in the preparation of the sulfate, the Buonde, the
copper alloy, and the metal Approumately 50 per cent were of derma-
titis and uleeration, bronchitis and pneumonstis consttuting the re-
mamder,

agents actimg m comb with betylhum have not

Surveys of the beryllum metal furnace and the fluonde fumace were
carnted out. Duning the pouring operation at the metal furnace the con-
centration of fume was 14 to 47 mg /m %, with a mass median particle
size of 066 micron. At the fluonde fumace the concentration was 0065
mg./m® with a parhicle size of 2 46 microns In other words, the msoluble
form had the greatest concentration and the smallest particle size Tovie
effects had been noted in the area, the soluble form had the least con-
centration and the greatest particle size {still within alveolar mhalation
hiuts) and also produced symptams Aualyses of the Buoride 1 the latter
area showed 2 concentration af finonde 1000 times greater than beryl-
hum, a sigmBieant factor not to be averlooked

Comment was rused as (o the potentral possinlity of a synergistie
detion of radioact wy the benl are These -
cluded uranwim, thorium, and lead, tn that order of importance

A definite mdieation does ensst that preventive measwres such as en-
closute and ventilation of hazavdous aseas will act toward reduction of
the masdence of cases of towieity
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CHAPTER 25

Animal Methods

ARTHUR J. VORWALD, M.D."

Expermmental studies concerming the pulmonary disease observed 1n
berylium workers constitute a major effort of the Saranac Laboratory at
the present time Many were nutiated ongmally by the late Dr Gardner
and some of the observations reported here were recorded by him before
Tus death Swnce that time additional observations have been made and a
number of new experiments have been started In general, the research
program to date has been desigued to study the chrome type of lesion
seen in the lungs of beryllium workers The acute inflammatory responses
were of interest only insofar as they bore a possible relationship to the
chronie lesion That lesion m the lung 15 diffuse and consists of large
mononuclear cells, lymphocytes and plasma cells It 15 accompamied by
gant cells with or without inclusion bodies Ultimately, focal necrosss,
fibrosis, and hyalmization may be promment

The biologie activity of a specific dust in contact with hving tissue may
be ascertamed experimentaily by an mjection method or by an inhalation
method In the former the dust, erther dry or suspended m fhud, 15 m-
lcclcd mto the test 'mmml by one or several techmcs, mcluding the

dia}, wtravenous, and sntratra-
cheal Such techmcs offer certain advantages contact hetween the tissue
and the dust particles 15 assnred, the protective mechanisms which may
prevent the inhalation of dust never come mto play, and the amount and
state of dispersion of the injected matersal can be controlled rather accu-
rately so that responses to different hinds of dust can be compared with
a Iugh degree of precision Another advantage 1s that injection expen-
ments yield mformation about toue properties of the dust rather early

* Ditector, The Saranac Laboratory and The Edward L Trudeau Foundation,
Sarwnac Lake, New York
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It 15 upon long-tenn inhalation evperiments, however, that chief rel
ance is placed. Whether or not a dust, even though potentully hazardous,
can be inhaled from atmospheric suspension, pass the matural defense
barriers of the upper respicatory tract and gain access to the pulmonary
parenchyma i quantities suffictent to produce damage can be deter-
mined only by mhalation | f They are d by placing
groups of animals in an 8-foot cubical dust room containng a cloud of
tmospheric dust h Iy g 1 by a special apparatus, The
controlled dust coud is maintamed mn the air for eight hours a day, fise
and a half days a week, for the balance of the time the dust is allowed
(o settle, but a small amount remains suspended indefimtely. Natural
circulation of the air provides adequate ventilation in the room The
anmals are exposed n the dust rooms for long periods, up to three years
or even longer, and at mtervals during the experiment a few animals are
sacnificed and the tissue exammned to determine the nature and extent
of the reaction Also, m some cases, animals are X-rayed periodically so
that the course of the disease can be followed more closely.

The experimental fnvestigations mvolve a number of substances con-
taming beryllum which were mtroduced, either alone or 1 combination
with other materials, into animals of various species by 2 number of
metheds For simplicity, the results of some of the investigations have
been condensed and the essenttal data given 1n tabular form In the vari-
ous tables are listed the substances studied, together with other pertinent
nformation, meluding the animal species used, method employed, dosage
of matenal, period of observation and, finally, the character of the inflamr
matory tissue reachion For identifying the nature of the reaction the
followng symbols have been employed.

1t

A Acute reaction anumal dies withm a few days, or even a few
hours, after injection
= Mimmum reacton mere ngestion of the substance by large
mononuclear cells but without apparent damage to the cells.
+ Shght untation: mild lymphocytic and large mononuclear
cell reaction ndicative of shght imtation about dust par-
ticles
2+ Moderate imtation- focal lymphocytic
clear cell reaction immeduately about visible depo.
substance.

and large mononu-
sits of the
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8+ Advanced irritation: focal Iymphocytic and large mononu-
clear cell reaction with prohiferation of local tissue cells and
mild Bbrosis mdicatne of jrntation but faling to yeproduce
the typical lesion seen nhuman cases.
4+ Reproduction of the typical lesion seen in humans focal and
diffuse cellular reaction with the development of the granu-
! lesion g of a loose gate of large
cells ded by a peripheral zone of lym-
phocytes and plasma cells, and with (or without} giant cells,
conchoidal bodies, necrosts, fibrosis, and hyalmization.
T Tumor osteochondrosarcoma
0 No reaction

1}

In reviewmg this classification, 1t will be noted that 44 has reference
to the typical lesion observed 1 human cases of the disease and 3+ is
a severe reachion which, though not the same as that seen in humans,
may be very close to it The symbol 2+ dicates mild irntaton, ¥ rep-
resents slight jrritation, and £, no defimte touaty.

For logical presentation of our findings 1t scems appropriate to consider
first the soluble compounds Beryllum mitrate (table LVY, mjected mtra-
venously m rabbits, proved to be very toxic, the animals dying within
three days after the first jnjection In an attempt to nfluence the tove
reaction ta the nitrate, the chemical agent BAL (2,3-dimereaptopropanol,
Anown as Brtish anti-lewssite ), which has been employed to counteract
metal poisonmg, was mixed with berylhum mtrate and with beryllum
metal powder and given to rablats There was no protection, as the
amimals died m two to five days with an acute reaction Beryllum sul-
fate crystals implanted intrapentoneally . gnnea pigs caused the
death of the ammals within two days, the same matersal implanted sub.
cutancously produced necrosis of cells and a response comparable to
that scen around a foreign body—a + reaction Beryllum sulfate was
also employed in an inhalati {table LVI) as a mst which
gumen pigs mhaled for three hours a day for penods lasting from two
and a half to four and a (uarter months No deaths or pulmonary lesions
wete caused by the exposure, These were some widely-scattered large

mononuclear phagoeytes lymg free m the pulmonary alveoli, The lver
of these ammals shawed an occasional small focal ares of necross, with
a penpheral zone of lymphocytes The reaction was rated as 2+ and
resulted apparently from hepatie locahzation of the inhaled substance.
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TasLe LV sLMMARY OF INJECTION EXPERIMENTS WITH BERVLLILM
METAL AND BERVLLIUM COMPOUNDS

Amimat  Injuction Periedof  Tose
Subsrance spezres method Dosage observatim  seaction
SOLUBLE COMPOUNDS OF BERYLLIUM
Bery llium nitrate Rabbit Intravenous 205 mg 3days A
Bery llium nitrate Rabbst Intravenous 205 5 A
(plus BAL)
Beryllmm sulfate G Pig Intraperitoneal  Fewerysuls 2 A
Bervllium sulfate G Pig Subcutaneous Fewerystals 45 +
INSOLUBLE CONMPOUNDS OF BERYLLIUM
Bery llium metal G Pig Intratracheal 75 mg 3months A-2+
Bery Hlium metal G Pig Intraperttoneal 200 5 +
Bery llrum metal Rabbie Intravenous 1gm. 8 +
Bervllium metal Rabbit Intravenous 205mg.  Sdays A
(plus BAL)
Beryllum hydrowde Rabbie latrasenous 100 2 months A3+
Beryllum hydroxde G Pig Intrapertroneal 200 7 2+
Berylium hydroxide G. Pig Inteatracheal 150 4 3+
Berr llium oxtde G Pig Tntraperitoneal 200 7 2+
Bery llum oxide G Pig Iatratracheal 150 9 1+T
Bery llum oxide Rabbit Intravenous 1gm 12 3+
Bery llium oxide Rat  Intravenous &5 mg. 8 23+
BeryMum carbsde G Pig Imrapentoneal 200 mg. Smonths 2+
Beryllum phosphate Rat  Intravenous s 21 days 4
Bery llum phosphate  Mouse  Intravenous 1 2 ‘
Bery llum phosphate G Pig Totracardial 15-25 21 T
Beryllum phosphate Rabbit Intravenous 103 1omonths T
Beryllium carbonate Rabbir Intravenous 50 4days
(baste) N
Beryllium stezrate Rabbic Intravenous 50 4 b 24+
Beryllium stearate  Rabbie Intravenous 100 25 months 3+
Bervllum stearate G Pig  Intratracheal 150 123

The insoluble forms of beryllum and 1ts compounds (table LV) p“:
duced reactions of different degree and character which vaned accordm‘b
to the form of the dust and the experimental method employed Ber)x‘
Lium metal mtroduced intraperitoneally resulted 1n the formation of bhcn
dust plaques on the peritoneal surface At four months and nme::;s
days, they were visuahzed mn the gross as scattered, encapsulated lln o
that projected abave the surface (fg 187). The masses consn-sm Iy
central area of dust and necrotic cells surraunded by a thick zm: X
dust-filled phagocytes, Iymphocytes and few leuhocytes enclosed by
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Taste LVI  sUaMaxy OF INHALATION EXPEPTMENTS WITH SUBSTANCES
CONTAINING BERYLLIUM

Maximmm
Subsance Awmad  Daly  durawonof  Trssue
pectes  exposure  expossne reaction
SOLUBLE
Beryllum sulfare (mist) G Pig 3hours  4months  Lungs-0
INSOLUBLE Liver-24
Zinc beryllium manganese shicate G Pig 8hours  40* months +
Rabbiet 8 40° 34

oror e
wnatens of 13 067 was o1
¥ Same of the rabbucs nhatod duue tbar bad pased andes an uliravoles hmp

15 nonths & matrral containieg 230 BeO was wed, for the cemumng 25 months maerial having 4 <O

Fic 137 Encapsulated mass of berylbum metal powder on the pen-
toncal surface 4 months and 19 days after mjection mto the abdommal
canity of a gumea puig % 10

fibrous tissue capsule (fig 138) The reaction was classified as 1+, the
type usually produced by the intraperitoncal wnjection of any dust. Intra.
venous mjection of as much as one gram of beryllum metal caused only
moderate reaction  Observations erght months after the last mjection
revealed mild focal ) of Lacge Leax cells, ympho-
cytes, and leuhocytes about deposits of dust m the penlobular zones
Fibrosis was not evident The tissue response was identified as 2+ reac.
tion (Bg 189) The chemucal agent BAL fatled to neutralize the action
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Fic. 138  Higher magnification of fiyr 137 showing the black deposit of
berylium metal dust surrounded by a zone of necrotic debris, inflammas
tory cells, and a thin capsule of fibrous tissue

Fic 139  Reaction in the liver of « rabbit 8 mun!hs‘ aftcrf mllr:;:l‘;:-‘
infection of 1 gm of berylium metal powder, It consists of a
Bltration of lymphacytes and plasma cells
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In fact, the combination stimulated an acute response and caused death

of the rabbits within five days The metal dust was abo mtroduced intra-

tracheally and intraperstoneally but the tissue renctans prosed to be no
more posative than already described

Hery e hydroarde was anjected mtraperitoneally, mtravenously, and

f

Fic 340 Temoned) Jewon of dustfiled macrophages, byiaphouytes,
and seattered grant cells o guines pigg 7 months after mgection of 200
mg of herylhum aade wato the abdomnal cavt

trateacheally and the ammals were obsersed up to seven months The
reaction to mtraperitoneal myection was 2+, that 15, & moderate irntation
congisting prioardy of an area of dust and necrotic phagotytes sur-
rounded by a tlack fibraus tssue capade aftea whltrated with lypho.
eytes, Intrasenous imjection of 100 mg of the hydmvide caused death of
one animal in three davs from a generalized necrotizmg reactson m the
pulmonary tissue Another rabhit of this group survined {or two months
At that time 1t exfubited o delaved type of hepatic reaction classified as
34+ Tt should be noted that & 3+ leswon has Jarge mononuclear cells
with bastioey tic probiferation and some fibrosis but not reproducing in any
sense the granulomatous losons of haman eases of the diease Intra-
tracheal mpechon abo produced this type of reaction m the lung.
Benvllsen oude gnen pitrapertonenlh and mtratracheally and ob-
vened for seven and mne months respectnely catsed 2 24 reaction
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i the peritoneal cavity and in the Yungs (figs. 140 and 141), Intravencus
injection of this matenal into rabbits led torthe formation of malgoant
tumors This important reaction will be referred to fater.

Berylhum carbnde was introduced ntraperitoneally and the guines

5 (3 )
p N GRsehre Lray

3 o Y {
A TR A
ey % 1Y
Fic. 141 Pulmonary lesion i a guinea pig about focal deposits m;l dus;;
9 months after intratracheal injection of 150 mg. of borylhun: oude, ¢

)
ol

consists of a compact coll f y cells, p e
dust-filled phagocytes, which i1} the alveolar spaces and obliterate
pulmonary architecture,

pigs were observed for periods up ta four and three-fourths months Tb:
reaction was 2+ (B 142) Small and large, firm, datk gray dust pmi“'l
were scattered over the pentoneal surface These consisted of 2 cenn'é;7
necrotic area faden with dust and contammng distorted reticnfum “;Xf,:
was often hyalmized m the ofd lesion. Each lesion was surrounded ’15;
zoue of large mononuclear phagocytes and lymphocytes, few guant cells,
and a peripheral thin fibrous tissue capsule .
Berytl’lmrl:x phosphate was imjected intravenously mto rats ar}d ;“!‘;:
and intracardially wto guinea pigs. All died from an acute ?e’cfos.xs o o
hiver within twenty-four hours to three weeks after the m]t‘du.’:"i ol
phosphate was also given to rabbats The lon::{est (;:15‘;‘1\:)‘10’“ P‘;“
i a P
o 1y mto rabbits, caused

ten mouths, by which time a
Basic beryllium cark duced
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Fic 142  Cellular reaction about local deposits of beryllum carbide
dust on the pentoneal surface 0f a guinea pig 143 diys after mtrapen-
toneal mjection of 200 mg of the agent.

Fic M43 Moderate scarng and lymphocytic snfiltration snvolving an
accaswnal poctal ases w the bvet of 3 vablat 25 smomths after wiravenns
mjection of beryllum stearate
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profound hemorrhagic necrosis of the liver, massive hemorrhages into the

spleen, and acute congestion of the lungs Al animals died within four

days following the single mjection of 5 cc. of a 12 suspension of the agent
An orgamie salt, beryllmm stearate, was nsed in an attempt to evaluate

the action of herylliun combmed with an organic acud radical. The salt

Fic 144 High magmfication of a focal lesion m the lung of a gumed
pig 12 months after intratracheal mjection of 150 mg of beryﬂm'g
stearate The alveolar walls are thickened and distorted with scnm;;ed
Iymphocytes, plasma cells, and large mononuclear phagocytes embedde
m a network of connective tissue A single layer of epithelial cells Tines
many of the alveadlar spaces, which contamn scattered dust-laden macro-
phages 1n vanous stages of degeneration
was given mtravenously to six rabbits m a single 50 mg dose. All m'um::
died within a few days from an acute reaction The expermrent M:on;
peated with 2 total dose of 100 mg, but divided imto twenty mject ”
of 5 cc. of a 0.1% solution admunistered every three days The earliest xeaas
tion observed consisted of a mild round-cell infiltration in the portal are y
of the liver. Much of this persisted, but the last animal, sacnﬁccd[f;l:’r';zs
five months after the Jast mjection, exhibited also a thin net:xork o o
tissue in some of the portal areas about the bile ducts. l\ecrcsns‘ﬁEd .
rhosis of the hver had not developed and the reaction was cl‘!s!:l 1o
2+ (fig. 143) The lungs, spleen, kidneys, and bone marrow e
exhibit signifi change. I heal mjection of beryllum
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wnto guinea pigs caused n focal pulmonary reaction designated as 3+
(fig 144). The lesions consisted of shight prohferation of histrocy tes ac-
compamied by mononuclear cells, lymphocytes, and an occasional grant
cell, In quence, there was thack of the alveslar walls with
focal obliteration of the alveolar structure.

Taste LVII  sUMAARY OF INJECTION EXPERIMENTS ITH PLUDRESCENT
OWDER AND ITs COMPOSENTS

Anomal Ingation Perodof  Toosus
Substancs specses mithod Dosage  observation peastaon
Zanc berylum manganese
stheate G.Tig Tneracracheal 150mg  12months 3+
+
Magnesrum tungstate
(Salvage tube powder) | G Pig lntraperitoneal 200 6 2+
Zine sihicate (willemite) G Prg lIntraperitoneal 200 13 *
Zine sihicate (wallemice) G Pig Intratsacheal s 12 +
Zine silicate (willemste)  Rabbir lntravenous 1000 12 *
Manganese catbouate G Pig Intraperitoneal 200 4 =+
Manganese carbonate G Pig Inrracracheal 75 n 2
Magnesiam tungstate G Pig lIntrapentoneal 200 13 &
Magnexium tungstate G Pig Intratracheal 5 12 ES
Magnestsm tungstate Rabbit Intravenous 1000 12 S
Sihicic acid prepared from} G Pig Intraperttoneal 200 1 +
ethyl stlicate G Pig Intratracheal 75 1 "
Rabbue Tntravenous 1000 12 +
Sihac acd, preparation) G Pig loreapenitoneal 100200 4 *
unknowa %G Pig Totratracheal 50 1 *
Rabbir Inteavenous 850 123 ES

Attention 15 nest directed to matenials mvolved m the manufacture and
use of fluerescent powders (table LVII) Smce this product 15 of consider-
able md \ many exp were contucted with such
powder and s compmwms One of the first materials of this kind tested
Was a saliage tube powder recorered from broken fluorescent lamps. It
consisted of a mixture of zinc bor)lhum manganese silicate and magne-
stum tung 1 al and heal anjection into gumea
mgs (ble LVID) pmducvd a chronic Wype of reaction, followeq for six
months and one year, respeetis ey, Intrapentoneally, the powder produced
an encapsulated fesion with central necrosis of mononuclear cells, Iym-
phocytes, and few mant cells Fibrosis did not take plice When the dust
was mjected intratracheally, there ocenrred a progressive focal proliferas
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tion of tissue cells about scattered bronchioles and, finally, a Tocahzed
stimulation of connectyy o tissue 1n the fungs and bronchial nodes 14
145), This Teaction was identified as 3+. Subcutaneous implantations of
the powder have not been observed long enough for analysis at this time,
As a control, injection eYperiments were also conducted with zine silicate,

. ] .
Fre. 145 Low magnification of a focal reaction 1n the lung of a gw";:
P1g 12 months after intratracheal 1njection of 150 mg of Auorescent h:he
powder The reaction 3 predommamly cellular but fails to reproduce
organization observed 1n lesions present m human cases.

manganese carbonate, magnesium tungstate, and two kinds of silicie acl:
(table LVII), In general, these compounds produced only a rﬂc;:r
consisting of a simple phagocytosis of the agents by large mzinonv}x.cu‘d
cells, without any diffuse parenchymal inveh ement. One eception sho e
be noted The sihcic acd marked “preparation unknown™ proved fo! :
toxic and the standard doses hilled the animals. However, if lbf‘ mnlﬂ:.
was infected in smaller doses over a longer period of time or if -ﬂ: ﬂn s
mal survived the standard dose, complete resolution occurred wit [U \)1
@ % resulual reaction evidenced by the pres;:nce of a few scattered foca
accumulations of mononuclear cells and leu ocy tes. .

A number of materials encountered 1n mdustrial processes a:?z‘:::ll
with berylliium were employed in animal tests (mb]'e L\’Hl{. Alclx a ;d .
slag was highly tovic. Injection of standard doses intratracheal ly
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Tasss LVIIL  SUMMARY OF INJFCTION EXPERIMENTS wiTH MISCELLANEOLS
MATERIALS RELATED TO BERYLLILA

Anmsl Ingeceron Pereod of  Tessme
Substance specses wethod Dosage  obsereation reaction
Slag (acid-treated dehy- % G Pig Intrarenconeal m\ mg  10dns A
drated G Pig Intrapentoneal 12 months
G Pig Intratracheal msu 0days A
G Tig Subcutaneous 50 2 months &
Dross (mixtare of copet } G Pig Inwrapervoneal  Lee 1075 Dday A
and beryllium G Pig Iouapenitoneal 2cc- 250 2days A
compounds) G Pig Ineraperitoneal 10mg 12months &
G Pig lmrarracheal 50 1n +
Frit (glass containing G Pig Inwapentoneal 200 8 +
berytlum) G Pig lntractacheal 150 8 2+
i} duced an acute mnfl y reaction with necrosis,

hemorrhagc. :md cdema However, when given in smaller itrapentoneal
doses or when localized subcutaneously, the dust became encapsulated,
formmg = lesions Dross, a complex mixture of copper and beryllum

setZmmemal,
T e L)

Fic 148 Low magnification of a focal lesion on the peritoneal surface
of a gumea pig 8 months after mjcction of 200 mg. of fnt into the ab-
dotmal canity The control arca of dust and necrotie phigacytes 15 sur-
rounded by a thick 7one of celfls and a thm capsule of flbrous tissue

compounds, on mtrapenstoneal ijeetion of the standard dose was toue
and hilled the test animals withun one day When the dose was reduced
to 10 mg, the matertal was tolerated for twelve montbs, at which bme
ouly a % reactim was obsenved conssting of scattered compact clumps
of dust-filled mononuclear phagocytes and few guant eclls Neerosis,
fibrosis, and encypslation had not cnsued Tojected wtrateacheally, dross
produced no spearfic reaction after the mmitnl acute response. At tuche



Fio 147  Focal pulmonary leston in a gumea pig 8 months after mtra-
tracheal myectton of 150 mg of frat. The leston is located about a termmal
bronchiole and consists merely of Iymphocytes, plasma cells, and Targe
mononuclear eclls contanmg dust particles

ons m the Iner of 2
heryllium manganese
stheate powder Small areas of necrotic cells surrounded by ]ymplmc‘]};crs:
plasma cells, and Lrge mononuelear cells consttute the reaction Prolfe
ation of commective fissue is ot evident Compare ath Bg 149

Fic 148 One of the widely distnbuted focal Jest
dog, 2 weeks after mtravenous myection of zine b
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months, there was a small localized area of mild fibrosis with shight
adenomatoid reaction and a fow dust cells mside air spaces containing,
Black clumps of dust. The reaction was nonspeeifie in type, 1+, Fnt, a
glassy substance, after bemyg mtroduced mtrapentoneally, became local-
ized m small masses of necrotic dust cells surzounded by a zone of mono-

BT
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Fie 149 Mid] A‘ the enly wflammatory response
identificd m the Iner of 2 dug 1 months after mtrayenous injection of
zine beryllum mang mese sihicate pow der.

nuclear cells, few guant cells, and & thin connective tissue capsule (fig
146) Intratracheal wjection of fnt produced a focal wflammatory re-
sponse lumted to phagocytosis of the particles followed by shght fibrosis
that became retrogressne Where the dust was highly concentrated, a
moderately acute response leading to necvosis was obscrved  Elsewhere
the reaction consisted of large, dust-filled macrophages with an occasional
gant cell m an alveolar space and only a shght hustiocytic proliferation
causing thickening of the alheolar walt (fig 147). The tracheobronchial
nodes revealed ddffuse mf with large, dust-filled
cclls, but without fibrosis

ar

Included alsa 1n the above gmnp of matenals were phosphorus “get.
ters,” substances composed of phosph alone or phospl plus a
fuonde Three of these getters were tested (table LIX) .\u mhalation

experiment was conducted with two of them 1t wvolied evposute of
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guinea pigs for two hours daily over a period of twenty-one days, after
which the pigs were removed to normal air and observed for as long as
onc year None of the animals exlubited evidence of tovicity and no tis-
sue reaction was observed The third getter, red phosphorus, on injection
tratracheally into a series of gunea pigs, caused an unusual reaction
at sites of mavimum localzation, which meluded a pronounced accumula-
tion of mononuclear cells with the formation of dense fibrous tissue Else-

Taste LIX  sUMMARY OF INHALATION AND INJECTION EXPERIMENTS
WITH PHOSPHORLS “GETTERs”

Animal Expersmental method Tome
Substance specses and dosage reacton
Mixtureof 115, red phosphorus G Pag Tahalanion for 2 hours duly o
and 897 ¢ryolite (sodium over a 21-day period, then
aluminum fluoride) observation for 1 year m
normal air.,
Muxture of 455 red phosphorus  G. Pig Inhalation for 2 hours daly 0
and 963 sodram teon fluoride over 2 21-day period, then
obseryatton for 1 year 10
normal arr.
Red phosphorus G.Pig  Intratracheal injection of 75 2+
mg of dust, reaction stud-
1ed at 7 months
+

Red phosphorus G Pig  Intraperstoneal impecnion of
10 mg. of dust; reacton
studted at 8 months

al reaction consisting of a few

where, however, there was a low-grade foc |
alls.

wflammatory cells but without effect on the surrounding alveolar W
The reaction is difficult to classify, but probably should be called 2+-
Injected wtraperttoneally the phosphorus produced a + reaction of focal
encapsulated masses without extension mto the adjacent tissue.

The fluorescent powder, zinc berylhum mangavese silicate, has beent
The formula of this powder

employed in numerous animal experments.
nence, powders with 8

has been changed a number of times In conseq heen
beryllum oxide content ranging from 230 to 1306 per cent have bet
studied at the Saranac Laboratory, The 230 per cent BeO ;'m\vder hﬂ:
been used in many injection tests (table LX). Following mm‘e"o.l:,_
injection of the maternal wnto 2 dogs, one dred immediately after mc:ks
ing the fourth scheduled dose of 16 cc. of a 2 per cent solution, tv0 we
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Fic 150  Hepatic lymph node of the dog of fig 149 The sinuses arc
merely dilated with a Joose collection of large mononuclear cells, a more
specific type of reaction was not obsened

Tic 151 Gross stction of the hung of a gmnea pig 6 months after ntra.
tracheal fngection of zme herum manganese silicate powder with q
BeO content of 2 30 per cent Seaall, buredy sauble focal lesions are seat-
tered throughout the hung mamhy about the tenmmnal brouchwales The
teacheabronchal nodes wre enlirged
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after the first mjection, Scetions of the Iver revealed seattered focal de-
posits of dust accompanied by local necrosis and mild infiltration of
Iymphocytes, plasma cells, and large mononuelear cells (fig. 148) The
secand dog remained well and healthy, It was saenficed to terminate the
experiment two years after the mtial mjection. The organs in the gross

At trsem oy T
e Graly
- IR AT

151 exhibiting the chat:
a compact collection ©
nnectny ¢ tissue

Fi¢ 152 Ihgh magmfication of a levon m hg.
acter of the prolferative reaction consistmg of
large mononuclear phagocytes 1n a thin netw orh of con

failed to reveal sigmficant abnormality. Microscopically, the Tiver showed
anly 2 mild lymphocytic infiltration about deposits of dust (fg. 149)- The
hepatic node was hyperplastic with distention of the sinuses by favge
mononuclear cells, many of which contamed wisible partieles of dust {85
150). The spleen and bone marrow were also hyperplastic. In gcncm[. the
tissue reactions observed in the various organs farled to reproduce the
lesions observed m human cases of the disease.
The 280 per cent BeQ powder was mtrodeced al
animals. When injected mtravenously 1mnto rabbits,
characteristic bone tumor to which reference will be made
traperitoneal injection, the dust became cncnlm\h{ed on th
surfaces and the reaction was 2+, For guine:
24, Irradiation of the dust with ultraviolet light before mjec
alter the response, On intracardial injection, the dust prof

I into other specics of
there resulted the
fater On i
e puritanml
reaction Wif
tion flled t2
duced focal

a pigs ako the
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lesions of lymphocytes and large mononuclear cells in the Iner about the

central vem The spleen, bone marrow, and lungs fatled to reveal amy
significant altcration In rats, the reaction following wtrasenous mjection
was sinlar to that produced m gumnea pigs Intratracheal mjection mto
gamea pigs cansed only scattered stellate lesions bardly sasble w the

Fio 153 Gross section of the lung of a guinca prg after 40 months cx-
posure by inhalation to an atmosph zne Denyllinm manga-
nese siicate The lesions are scattered throughout the lung. bemg localized
mamly about the terminal bronchioles and associated with mild focal
emphysema The tracheobronchud lymph nodes are enlarged

gross lung and shghtly enlarged tracheobronehual nedes (fiz 151) The
pulmonary lesions eviibited a focal prohieration of cells with a mitd
fibrocy tic type of reaction concentrated about seattered bronchules (g
132} Other organs were not smaohed The lesions were not hike those
obnerved in human eases of the disease They were elassified as 3+ In-
tratracheal injection mto rats produced a nontosic response, classtfied as
+ and consisting of active monocytes about deposits of dust

In addition to the myection tests, an mestization with fluorescent
powder has been conducted by the wihalation technique (table LV1)
Tor a peniod of fifteen months gumea prgs and rabbits were exposed to
atmospheric suspensions of the powder with 230 per cent BeO content
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after the first injection Sections of the liver resealed scattered focal de-
postts of dust accompanied by local necrosis and mild méltration of
Iymphocytes, plasma eclls, and Jarge mononuclear cells (Bg 148). The
second dog remamed well and healthy. It was sacrificed to terminate the
experiment two years after the itial injection. The organs in the gross

E?U."&: FERTNER
. -~ ‘?xv.‘if

.{’,

/H‘u
7% <8k

AN P
Fic 152 High magmfication of a lesion in fig. 151 exlubiting the clur;
acter of the proliferative reaction consistmg of a compact collechon 0
large mononuclear phagocytes 1n a thin network of connective tissue.

failed to reveal sigmficant abnormality. Microscopically, the Iner shoved
only a mild lymphocytic mfiltration about deposits of dust (fig. 149)- T§€
hepatic node was hyperplastic with distention of the sinuses by Ia;‘f
mononuclear cells, many of which contained visible particles of dust (t]b
150) The spleen and bone marrow were also hyperplastic Tn general d:e
tissue reactions observed in the vanous organs failed to reproduce the
lestons observed in human cases of the disease. sesaf

The 2 30 per cent BeO powder was introduced also into other sfﬂ;? e
ammals VWhen injected intravenously to rabluts, there resulted ”
charactenistic bone tumor to which reference will be made later. ?nn;cd
traperitoneal injection, the dust became encapsulated on the P”f' N a5
surfaces and the reaction was 2+, For guinex pigs aso the re-lc“"";m
2-+. Trradiation of the dust with ultraviolet ight before injection f?lﬂ:ocal
alter the response, On intracardial mjection, the dust produce
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tesoms of hymphacytes and Large monanuclear ectls m the hver about the
central vem The spleen, bone marrow, and tangs failed to reveal any
sigmificant alteration In rats, the racton follow g mtrm enons myechion
was simlar to that produced i gooea pigs, Intratracheal mjecnon mto
quinea pigs caused onb seattered stellate Jesions bartly vivble w the

Fie 153 Gross secton of the Tung of u gumnes pig abter 40 months ex-
posure by ichalition to an atmosphere contaning 7nx e lhum manga-
nese sibicate: The fesions are scattered thronghout the lung hemy locahized
mamly about the termunal broneluales and assoctated with mifd focal
emphysema The trachcobronchual hymph nodes ar eulirged

gwss lung and shghtly enlarged tracheobronctaal nodes {hg 131} The
¥ y lesions exdnbated

2 focal prohferation of aulls with a mild
fbrocynie type of reachion concentsated abont scattered bronchioles {fg.
152) Other organs were not wvolved The lesions were not like those
olsened m human cases of the discase They were classified as 34 In-
tratracheal mjection wito rats produced a nontove respoise, classified as
+ and cangisting of active nianacytes about deposits of dust

In addition to the mjection tests, an mveshgation with fluorescent
powder has been conducted by the whalation tcchmgue {tabls LVI),
For 2 period of ffteen months gumea pigs and rabbts were exposed to
atmosphene suspensions of the powder with 230 per cent BeO content.
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Fio 154  Ihgh magnification of a Jesion in the Jung shown w fig. 153

The alveolar spaces contamn Joase aggregates of dust-filled phagocytes

The alveolar walls are only slightly thichened

on of the enlarged tracheobrouchtl lymph
the enlargement is due to
. an occasionad gant eell

Frc 155 High magmficats
node olserved 1n fig, 153, Jt 15 apparent that
infiltravion of large manonuclear phagacytes an
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Since no important reaction developed in the lungs of ammals sacnficed
for samplimg, the pigs and rabbits were then exposed for an addiional
twenty-five months to a powder with 13 06 per cent BeO The atmosphenic
concentration of dust durmg these exposures ranged from 35 to 10 mlh-
grams per cubie meter of aur The gross lungs of gumen pigs hving m that

Fic 156 Low magmfication of a focal lesion m thc lung of a rahb:t
after 40 months exposure by mhalation to an

bery llum manganese silicate The exposure 15 comparable to ﬂm fm the
gunea pig shown 1 figs 153, 154, and 155 The lesion 15 wrregular and
occupres generally the aheolar walls, which are thickened The spaces
contam a loose collection of cclls and muany arc distorted and somewhat

dilated

atmosphere for forty months revealed scattered small focal lesions
localized mamly about the termmal bronchwles and, i addition, enlarged
but soft tracheobronchial nodes (fig 153) Microscopically, the pulmo-
nary lesions (fig 154) discloscd alveolar aggregates of dust-laden phago-
cytes accompamed by tew lymphocy tes, plasma cells, and an occasional
gant cell The surrounding alveolar walls were only shghtly thichened
with cells The tracheobronchial nodes (fig 155) contamed scattered
dust cells confined for the most part to the smasexdal areas but mvolving
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also the germinal centers. The reaction failed to demanstrate any degre
of specificity, being comparable to that resulting from the inhalation ¢
dust producing only slight irritation. 1t was classified as +. Rabbits sub
jected to the same atmosphere exhibited also scattered small pulmonay;

lesions which by forty months were barely visible in the gross Excep
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Frc 157 High magmbcation of the lesion in fig 156, Compare \ﬂ:i\
fig. 154 The reaction i the thickened ahealar walls consists of scattert

« & ctraee of dee

phagocytes
PTI indy
for scattered dust cells in the alveolar spaces, the reaction T\nlw(f mfﬂ:‘)
: <ot ! \
the alveolar walls {Rg 156) It d of lymp

plasma cells, and proliferated Justiocytes with the development of s

strands of connective tissue. Many of the spaces exhibited dun[rr;‘!;"
branous Liing of epithelial cells {fig. 157), a common e‘penmen::e i
ing i chrowie inflammatory processes mvolving the fang, Th’us,' it
monary reaction to inhaled zne berythum silicate in the rabbit W ?51 o
severe than in the guinea pig It was classified as 3+. 1.10\"8\ e, it 4
to demonstrate any spectficnty such as observed i_“ c]m'xcnl cascsm&
Since 1t was snggested that ulraviclet light might, in sf)r'm; ‘“ o
manner, impart toic properties to the Buorescent dust particies,

ir- e dust
group of animals {table LVI) were made to mhale the airbora

QOWT
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after 1t had passed nnder an ultraviolet lamp The tissue reactions were
no different from those resultmy from the inhal won of the untreated dust

Some mtcresting findmgs were revealed by rabbits i whieh the fluores-
cent powder, 230 per eunt BeO content, had been mjected mtratracheally
{table LX) The first anmmal died one weel after a single mjection of 2 ce.

Tasts LX. SLANMARY OF INJECTION EXTERIMSNTS WITIE 218G
BTRVLLILM MANGIAESE SILICATE PoWOTR

Buylimm  Animal Inpectron Persod of Tessne
consens apectes merbod Dosage  obsersation reatron
13 B0 Dog Intravenous 13gm 24menths  Loer 1+
H L Node 2+
2307, BeO  Rabbit  lntrayenous 1 10 T
230G B0 Rabbir latrapentoneal  4omg 12 24
2300 BeO  Rabbie  Intratracheal 100 300 1 weeh to 3+
12 months
23, B0 G Pig  Intracarduab 80 22 months 1+
230 BeO G Pig latraperitoncal 140200 68 1+
2307 B0 G Pig  Intrapericoneal  *40 2 2+
20 BO G.Pig  Intrapertoneal 140 4 24
23005 B0 G Pig Intratracheal 150 6 3
2300, Bed  Rat Tntrasenons 80 1 24
23006B0  Rat Intratracheal 20 2 +

P e —
47 s reabiiel ponder et

of 35 per cent suspension of the agent Grossly (fig 153), the lungs
revealed confl lesions 1 1l lly m the upper lobes but
also seattered elsewhere as more isahtcd foa Microscopically, these
early lesions exubited a subacute type of reaction (Flate V, 4) consisting
of necrosis i arcas of massive deposits of dust surrounded by large mono-
nuclear cells and lymphocytes, which occluded the wr spaces and infil-
trated the alveolar walls Proliferation of local histiocy tes was not a prom-
ment feature The pulmonary architecture was generally obliterated,
however, ccrtam mir spaces of varied sizes still persisted and many were
lined by a single layer of epithelual cells Although such limngs are a
common feature in chronie inflammatory lesions of the lung, neverthe-
less, i this mstance they appeared more conspicuous than usual The
sigmificance of the finding 15 not apparent unless 1t 15 an expression of
unusual susceptibility of the particular rabbat to epithelial stimulation

1t was not present in ammals sacrificed at one month, four months, eght




Fic 158  Gross section of the lung of a rabbit 1 week after intratracheal
injection of 100 mg of zine berylhum manganese silicate powder with a
BeO content of 230 per cent. The reaction is localized mainly in the
upper thurd with focal lesions scattered elsenwhere The sntervening pul-
monary bssue 1s normal

Prate V.
A. High magmfication of a pulmonary lesion in rabbit, fig 158, 1 week
after intratracheal mjection of 100 mg of zme beryllium manganese sihcate
powder with a BeO content of 230 per cent It shows an arregular focus with

massive quantities of dust, and cells in vanious stages of necrosis surrounded by
lrated large Tear cells and lymphocytes Many of the capillanes are

engorged with blood .
B Detail of a lesion 1n the lung of rabbit, fig 159, 1 month after intra-
tracheal mjection of 300 mg of znc beryllutm manganese sihcate pow der with
a BeO content of 230 per cent. Only a small focus of necrosis persists witho
an area of chronic mflammation in which strands of connective tissue are evi-
dent
C High magmfication of the reaction in the Tung of a rabbit 8 months after
intratracheal mjection of 300 mg of zine beryllm manganese silicate po“de];
with a BeO content of 2,30 per cent, similar to rabbit, fig 158 Except for sm-l[
areas of necrosis about local concentrations of dust, the reaction consists o
compact masses of large dust-filled phagocytes and few scattered grant cells
enmeshed 1n strands of connectnve tissue N b
D. High magmfcation of a pulmonary lesion in rabbit (fig 160) 12 months
after intratracheal mjection of 300 mg of znc berylhium manganese sxdswﬂ?
powder with a BeO content of 230 per cent. The lesion exlubits ban : o
© tissue and d1 k , plasma cells, and large mononuc lear

p
phagocytes Degeneration of cells 1s evident 1 local concentrations of dust.
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Fie 159 Gross sectron of the Tung of , rabbat, inyected g the rabin
of g 158, 1 mouth after jec o The reaction 5, conce:
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months, and twelve months after receiving a total dose of 300 mg m
aliquots of 100 mg. given one wecek apart.

The rabbuts sacnificed one, four, and eight menths after njection agam
showed the reaction concentrated in the upper third of the lung (fig, 159)
Microscopically (Plate V, B), these late reactions exhibited decreasmg

.-
v

Fic 161 Long bones m the upper extremities of a rabbit 8 m;vnt?s
- . . AL wmanaca gilicate

after ntravenous mjectic he
(Be content 2 3 per cent ! dT v
tumorous rarefaction of er

amounts of necrosts, ncreasing proliferation of Jarge lear phago-
cytes and Instiocytes with the formation of collagen and fibrous con*
nective tissue By eight months (Plate V, C), the tissue reaction Was
charactenized also by compact masses of large “mononuclear cells and the

presence of scattered giant cells.

By twelve months, the pulmonary reac!
The lesions were localized mamly in the hilar portion of the p
the bronchi, bronclioles, and vascular trunks They were irregular and
conssted of Toose fibrous connectn e tissue, scattered Iymphoctes an
plasma cells (Plate V, D) Only an occasional small area of xjecrosxs “';:

50 | inent in the eig!
his late date
d also of the

ton was less intense (88 160)
e lungs about

present The large Tear cell resg
months ammal, was not a conspicuous feature at t!
Thus, the results of the seres of mhalation expertments an
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mtratracheal mjections suggest that the fluorescent powder is biologically
active when introduced 1nto the Tungs of experimental rabbits and gives
nse ultimately to pulmonary lesions classified as 8+,

In addition to the expeniments outlmed, others have been completed
and magy ate still bemg carned on A great vanety of conditions such as

Fic 162 Gross osteochondrosarcomy 1n the bones scen rocntgeno-

graphically mn fig 101

duet, dust inhalation during pregnancy, and the cffect of tnfection have
been studied m an attempt to reproduce the type of tissue reaction
present 1n human cases In no wstance, however, have we succeeded

Other experiments mvolved the production of malignant bone tumors 1n
rabbits To date, at least five separate compounds of bery lum from various
mdustrial sources have proved posiive They may be 1lentified as beryl-
lum oude, beryllwm phosphate, and as zmc beryllnm manganese silicate
having values for BeO of 230, 8 27 and 13 06 per cent, respectuvely BLI’)I-
Ium metal and varous bery!hum It ds such as the hyd ,
cathonate, phosphate, nitrate, and siheate farted to produce such tumors.
They have not developed m other species of ammals such as guiea pigs
and rats Furthermore, similar tumors have never been encountered dur-
g the mjection of 75 different mimnerals into the ear veins of rabbuts

The tumors usually become fully established from eight to ten months
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fundamentals We must do enzyme studies and localization studies af
berylhum in the tissues, and similar expenments: But the one hard fact
is that we want o produce the disease 1n ammals to estabhsh the patho-
geniaity of berylhum beyond all doubt, 1f it be pathogenic.

While these acute evpeniments are of some nmportance, therefore, the
long, slow approach, the up-hill climb, is the one that is really gomg to
get results that are of mterest to industry

Tt oceurs to me that the differential in susceptibility between individ-
uals must be hased on somethmg germane either to their environment ot
to the tissues of the mdnidual who becomes diseased

1t would scem to be a good policy to extend the experiments and intro-
duce complicating factors which can be controlled T have reason to be-
lieve that experiments are bemng cared on 10 which other ymtants are
bemg utilized in conjunction with beryllium or its compounds, and 1t is
quite possible, T think, that a discase quite Jike the human disease will
he developed by the researchers who are engaged w that work

The other aspect of the problem, from the research angle, 15 the
species difference Wlhich always s a problem m ammal work To ilustrate,
Dr Vorwald has told us that Dr Gardner produced tumors with beryllum
compounds m rabbits 1 feel quite certam that these tumors have not heen
produced in any ather animals, and of course, the reason 1s still obscure.

1t 15 qnte possible that a condition 1dentical to the human chronie, de-
Tayed pneumomtis may never be produced in any expennmental ammal,
and I believe 1t would be wrong to hold 1n abeyance the decision that
beryilium 1s the etiologic agent m the production of delayed p tis
because we cannot produce 1t 1n ammals Leprosy has never been pro-
duced s animals, but few people would doubt that it 1s Hanse’s bacilfus
that produces leprosy

1 think that today and yesterday we've heard the results of a tremen-
dous amount of werk and fine techneal concentration on an important
problem, and T agree with Dr Vorwald that we are getting somewhere

{ should tike to say one more thing A very important aspect of rescarch
m beryllum discase has been neglected so far because there has been
10 tool There has been no vahd method by which to determine the

amount of beryllum 10 tissues. I believe we have such a tool now
Yesterday 1 mentioned that T was drawn into 3 discussion because 1
didn’t want anyone to close ls smind on the subject of analytical methads




422 Fneumacomosis
Monary, lesiong ducavered in humgy, cases, There ;4 10 doupy that the
liney) Vidence collateq I8 indeeq hi hly sugges!we. Ilaweror, it seemg
Dertiney, that ¢, 0 effory be made 4, Study ¢, Problep, (-vpenmcn!.llly
if only ¢, establig, fully ¢, ctioy, ) and p:x!lmgenvs:s of the disease gng
to ¢y olve, ¢ Dossible, Prevenyy, and thcmpeutic Measures

Discux:ion

FRANL p, Durny, Mpse

5 harg 4 begin SClssion of A paper of such Mportance, Yy, have
cen “:utmg fe € mom, M Whep e would stand up and say,
€re goty, Some Te,” ang that ;5 what p,. Voryapg has Just sard,

1e)
In Iy dowy, the dl[fercnl Poiuts ¢, be Sought 4, esmblxshmg brr) 3

hum 4 th:cause of this fbrogre isenge of the luugs, We are gt interegt~t
n Dy oy ald’ Attony, g th Teproducyq,, f the diseass 4, anmg

by m, n: unds thay Were indicteq in mdusfr) I shoulq et
agree with b, hat | S com g close, and hat, 5, € puts more tume
mto the dy ISease 5 as h, Txs longer with these 2nimals,

M the shes made

Unfor tunater, 7 have 10t had 5 chance 4, ey
shich he showed are
them

hzghly suggestive, Teap only base MY commenyg on

ing
will not Ceted__qp Jeast, not unmerlmfel) Therein Jios sumeﬂ:d_,
it 'TH
aboyg wiieh e must 8uard— gy, mmb:hty in the latent pt‘.

@ considerahle time

N i work on the
In dealing with Anmals, e mus, of course, bage ou

8, Olyo
- I’arholugxst, Xemnng L:\bom!ary. Unnemty of Cincinnaty, Cincinngy,



Animal Methods 423
fundamentals. We must do enzyme studes and localization studies of
berylhbum in the tissues, and sunilar expeniments. But the one hard fact
15 that we want to produce the disease sn anumals to establish the patho-
geniaity of beryllum beyond all doubt, if 1t be pathogenic

While these acute expeniments are of some importance, therefore, the
long, slow approach, the up-lull chimb, is the one that 1s really going to
get results that are of interest to wdustry

It occurs to me that the dilferential m susceptibility between mduvid-
uals must be based on something germane either to their environment or
to the tissues of the indn1dual who becomes diseased

It would seem to be a good policy to extend the experiments and mtro-
duce complicating factors which can be controlled I have reason to be-
Lieve that experiments are being carried on m which other wntants are
bemg utilized m conjunction with berylhum or 1ts compounds, and st 15
quite possible, I think, that a disease quite like the human disease wall
be developed by the researchers who are engaged 1 that work,

The other aspect of the problem, from the research angle, 15 the
species difference which always 15 a problem m ammal worh, To illustrate,
Dr Vorwald has told us that Dr Gardner produced tumors with beryllium
compounds w rabbits I feel quite certamn that these tumors have not been
produced m any other amimals, and of course, the reason 1s still obscure

It 15 quite possible that a condition identical to the human chronie, de-
layed pneumonitis may never be produced i any experimental ammal,
and I believe 1t would be wrong to hold m abeyance the decision that
berylhum 15 the etilogic agent 1n the prod of delayed p
because we cannot produce it 1 ammals Leprosy has never been pro-
duced 1 ammals, but few people would doubt that 1t 1s Hansen’s baallus
that produces leprosy,

1 think that today and vesterday we've heard the results of a tremen-
dous amount of work and fine techmcal concentration on an important
problem, and I agree with Dr Vorwald that we are getting somewhere.

Ishould like to say one more thing A very rmportant aspect of research
m berylhum disease has been neglected so far because there has been
10 tool There has been no valid method by which to determme the
amount of beryllum in tissucs 1 behieve we have such a tool now,

Yesterdav I mentioned that I was drawn mto a discussion hecause
didn’t want anyone to close his mind on the subject of analytical methods
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monary lesions discovered in human cases. There is no doubt that the
clmical evidence collated 15 indecd highly suggestive, However, it seoms
pertinent that every effort be made to study the problem experimentally
if only to establish fully the ctiology and pathogenesis of the discase and
to evolve, of possible, preventive and lhcmpeutic measures,

Discussion

FRANK R. DUTRA, M.D,°

It 15 hard to begin a discussion of a paper of such importance. We have
all been waiting for the moment when someone would stand up and say,
“We're getting somewhere,” and that 1s what Dr, Vorwald has Just sand.
In laying down the different pomts to be sought in establishing benl-
hum as the cause of this fbrotic disease of the lungs, we are all interested
m Dr Vorwald's mentioning the reproduction of the disease m animals
by means of compounds that were indicted in industry, 1 should Iike to
agree with him that he 1s comng close, and that, as he puts more~ time
fnto the study of the discase and as he works longer with these animals,
he may eventually be willing to say that he has succeeded .
Unfortunately, I have not had a chance to examme the slides made
from these animals, and while the reproductions which he showed are
highly suggestive, I can only base my comments on them '
We have been presented with a problem that is peculiar to bery lmﬂ;
(more so, perhaps, than to some other industrial diseases) bm“s"h:‘
apparent indwidual predisposition to the disease By that I mean t !
two people will be working side by side, getting presumably t;le S:h":r
exposure One will burst out with a forid type of the disease, the "}"
will not be affected—at least, not immediately Therein lies somet ;‘;g
about which we must be on guard—the variability in the ‘lafmtll’":‘mc'
Some of these people will develop pneumonttis at a considerable b

it [
after their co-workers, sumtlarly eaposed, have already devcloped(
in animal e &

mtroduce this pamt because of jts imp
which is the phase of the work that I am to discuss. 4 on the
In dealing with anmmals, we must, of course, base our Wo

i, Obto
© Patholagist, Kettering Laboratory, Unaersity of Cincinnaty, Cinctnat
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fundamentals. We must do enzyme studies and localization studies of
berythum 1n the tissues, and sidar expetments But the one hard fact
15 that we want to produce the disease m ammals to establish the patho-
genicity of beryllum beyond all doubt, if 1t be pathogenie.

While these acute exp are of some 1my b the
fong, slow approach, the up-ull cimb, is the one that 15 really going to
get results that are of mterest to ndustry,

1t occurs to me that the differential in susceptibility between individ-
uals must be based on something germane either to their environment ot
1o the bissues of the wdwvidual who becomes diseased

1t would scem to be a good pelicy to extend the expeniments and intro-
duce complicating factors which can be controlled I have reason to be-
lLieve that expenments are being carried on in wlich other irntants are
bemg atihzed 1 connction with beryllum or ats compounds, and 1t 15
quite possible, T think, that a dwsease quite like the hnman disease will
be developed by the researchers who ate engaged m that work

The other aspect of the problem, from the research angle, 15 the
species difference wiich always 15 2 problem w antmal word Tosllustrate,
Dr Vorwald has told us that Dr Garduner produced tumors with beryllium
compaunds m rabbits, I feel quite certain that these tumors have not been
produced 1 any other ammals, and of course, the reason 1s shll obscure,

It is quite possible that a condstion 1dentical to the human chromic, de.
laved pneumonitis may never be produced in any experimental animal,
and T believe it would be wrong to hold m abeyance the deesion that
berylum s the etologic agent sn the production of delayed |
because we cannat produce ity awwenals Leprosy has never been pro-
duced m antmals, but few prople would doubt that 1t s Hansen's bacillus
that produces leprosy.

1 think that today and yesterday we've heard the resnlts of a tremen-
dous amount of work and fine technical concentration on an important
problem, and I agree with Dr Vorwald that we are getting somewhere,

1 should Iie to say one more thing A very important aspect of research
in berylhum disease has been neglccted so far because there has been
no tool There has been no valid method by which to determune the
amount of berylhum i tissues T believe we have such a tool now

Yesterday T mentioned that 1 was drawn 1mto a discussion because
idn't want anyone to close his mind on the subject of analytical methods
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monary lesions discovered in human cases. There 1s no doubt that the
clmical evidence collated is ndeed highly suggestive. However, 1t seems
pertinent that every effort be made to study the problem evperimentall
1f ouly to estabhsly fully the ctiology and pathogenesis of the disease and
to evolve, 1f possible, preventive and therapeutic measures.

Discussion

FRANK R. DUTRA, MD

It 15 hard to begin a discusston of a paper of such importance. We have
all been waiting for the moment when someone would stand up and say,
“We're gettng somewhere,” and that is what Dr. Vorwald has just sud
In laying down the different pomts to be sought in establishing beryl-
Tum as the cause of this fbratic disease of the Jungs, we are all interested
in Dr. Vorwald's mentioning the reproduction of the disease in ammals
by means of compounds that were wdicted m industry T should hke to
agree with lim that he 1s coming close, and that, as he puts more tme
into the study of the discase and as he works longer \with these animals,
he may eventually be willing to say that he has succeeded.
Unfortunately, I have not had a chance to eamme the sldes made
from these animals, and while the reproductions which he showed are
huighly suggestive, I can only base my comments on them ‘
We have been presented with a problem that is peculiar to bery Ilmﬂ;
(more so, perhaps, than to some other industrial diseases) because D!
apparent individual predisposition to the disease. By that I mean tha
two people will be working side by side, getting presumnbly the 55}1.“9
exposure One will burst out with a florid type of the disease, the "" e:
will not be affected—at least, not immediately. Therein lies somelh“:ia
about which we must be on guard—the variability in the Jatent peno
Some of these people will develop pneumonitis at a considerable ‘:m;
after therr co-workers, simidlarly evposed, have already developed l‘.m
introduce this pomt because of its tmportance 1 animal expenmentation,
which is the phase of the work that 1 am to dscuss
In dealing with animals, we must, of course, base our W

Unnersity of Cineinnati,

ok on the

ath, Oluo.
© Pathologst, Kettermg Laboratory, Cuncinn:
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fundamentals. We must do enzyme studies and localization studhes of
berylum in the tissues, and similar experiments. But the one hard fact
1s that we want to produce the discase in animals to establish the patho-
gemaity of beryllium beyond all doubt, 1f 1t be pathageme

While these acute exp are of some 1mp herefore, the
long, slow approach, the up-hill chimb, 15 the one that 1s really going to
get results that are of interest to industry.

1t oceurs to me that the dufferential i susceptibility between individ-
uals must be based on somethmg germane either to their environment or
to the tissues of the indhwidual who becomes distased

Tt would scem 1o be a goad policy to extend the experiments and tro-
duce complicating factors which can be controfled f have reason to be-
heve that experuments ate bemg carned on m which other wntants are
bemg utiized m conjunction with berylum or its compounds, and 1t 1s
quite possible, 1 think, that a disease quite Iike the human disease will
be developed by the rescarchers who are engaged m that work.

The other aspect of the problem, from the research angle, 1s the
speaws difference winch always 1s a problem m ammal work. To fustrate,
Dr Vorwald has told us that Dr Gardner produced tumars with berythum
compounds m rabbits T feel quite certain that these tumors have not been
produced n any other ammals, and of course, the reason 1s still obscure

1t 1s qquite possible that a condition identical to the human chronic, de-
Tayed pneumomitis may never be produced m any experimental ammal,
and I beheve 1t would be wrong to hold i abeyance the decision that
berylum 1s the etiologic agent m the prod of delayed p
because we cannot produce 1t m ammals Leprosy has never been pro-
duced 1n animals, but few people would doubt that it 15 ansen’s baciblus
that produces leprosy

1 thuk that today and yesterday we've heard the results of @ tremen-
dous amount of work and fine technical concentration on an mportant
problem, and T agree with Dr. Vorwald that we are getting somewhere

1should Iitke to say one more thing A very important aspect of research
m berylium disease has been neglected so far hecause there has been
no tool There has heen no vahd method by wlich to determme the
amount of beryllum m tissues 1 believe we have such a tool now

Yesterday T mentioned that T was drawn imto a discussion hecause I
didn’t want anyone to close hus mind on the subject of analy tical methods
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In our laboratory we have analyzed tissues from rabbits which we have
exposed to berylhum by various methods and, I believe, have estabhshed
levels compatible with what we would expect under the conditions of the
expeniments  Furthermore, we have analyzed urine from people with
chrome p is and have recovered small quantitics of beryllum.
It seems to me that, m groping for a test for beryllium exposure before
there is berylhum discase, or for patent beryllium disease before there 15
clinical beryllium disease, the best approach would be the duirect analysis
of unne for beryllium, rather than some roundabout and nonspectfic
method imvolving liver function or other biochemical tests

Further Discussion

Mn, srowses In any of the experiments which led jyou to believe you
were coming close to reproducing the lesion, was there exposure to dust
with 2 BeO content below 13.06 per cent?

pr vonwaLp  Yes. We carried on experiments at 2.3 per cent and found
no evidence of change, therefore, we increased 1t to a 1306 BeQ content
for sixteen months

Mr nonse:  There has been some exposure to the higher percentage”

bR, VORWALD. Yes, groups of gumnea pigs and rabbits were exposed fasr
tai 1301

prolonged perods to a pheric ations of dust
per cent beryllum oxide.

pr Mmacnie I have just a few questions of which one is essentially the
one Mr Morse ashed. You graded that of the rabbit receiving 238 per cent
beryllum phosphor as a 34?7

DR. VORWALD  Yes, each of the rabbits in the senes referred to recenved
an ntratracheal injection once a weck for threc wechs. Each dost? con-
sisted of 2 cc of a 5% suspension of zinc beryllium sanganese silicate
contaming 23 per cent beryllium ovide. We hesitated grading the pok
monary pathology as a 4+, feehng that the unit lesion seen in humans
had not been reproduced, at least in eight months time. The experiments
are continumng and it may be that later animals of the series will permit
the higher grade
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pr aaciee:  With reference to trapentoneal njection of beryllum
metal, do you remember the year m which the metal was procured?
oR vonwAlp It was procuted on or about june I, 1916
ok Macuie  Was it previousty punfied?
pr vorwALD It was forwarded to us labelled “berythum powder, 325
mesh” The Xeray (iftraction pattern of this product revealed metallic
beryfimm and no other crystalime substances Therefare, we considered
1t to be of ngh punty
DR MACHLE  Its an mteresting point, because prior to 1946, bery ihum
metal had been about 96 to 99 per cent pure, the mpunty being soluble
berythum salts, chionde or atherwise, mcorporated as a slag n the metal
atself, so we must take that into conssderation i evaluating results apphed
to the metal alone
bR RicnaRpsoX  Since I think we are more mterested in the chrome or
delayed type, 'd ke to ash tno questions Those cases 1 have seen in the
human have had excessive fatigue due to overwork, either the result of
long hours v the plsnt or to an cutside activity Now, I wonder how
much that conld play a part i the anumal expernimentation 1f 1t were pos-
stble to miroduce fahgue nto the expenment

Secandly, T wish to cafl attention to the fact that these patients, in
spite of a huge food ntake, Jose weight 1 wonld ask whether anything
has been done to observe the metabohe rate 1 these cases,
on.sorwald  Except for rather gross obsery ations that the animals under
expenmentation have lost weight, we have not done metabolic studies
It would be mteresting to study the factor of faigue However, crcum-
stances of the expennment would make such studies rather complicated
Dr Wrght, do you wish to comment?
or wrient  Those men we have studied here—and the stuthes were not
evhavstive m any way~~id seem to show a higher than zero ar perfectly
notmat predicted basal metabolism They were not mordmately high,
they ran around plus-twenty,
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Chemical Methods

THOMAS M. DURKAN®

Berythum is a bivaleat metal and bebaves Iike aluminum in many chemi-
cal reactions Smce 1t is an element not often encountered i ordinary
mdustrial pracesses, analytical procedures for separating and determuning
bery Hium w the presence of mterfermg substances have been studied less
mtensively than have techmes for such common elements as iroa and
aluminum. Methods used for determming beryllum in materials Jke
metallic alloys, minerals, and fuorescent powders are generally adequate,
but in the case of biofogic material procedures now available are nat
entirely satisfactory, because of mcomplete recovery of the bery lum.
However, Dr Neumant has outhned two colorimetne methods and one
fiworometrie method, suitable for biologic samples, which wil probably
come mto general use as soon as detuled procedures have been pub
lished. In the meantime research upon this problem s being casgied on at
the Trudeau Foundation laboratories and at other wstitutions. Ar €3
sive bibhography on analybieal methods for beryllium appeats 1 us
Public Health Bulletm 18172 ol
The chemical methads for determining berylhum may be classifi

as gravimeine, colormetric, and fuarometnie, Gravimetric met)wd‘v aré
inng several milligrams or more of beryfium,
fluorometsic proce
and the merits of

best suited to samples conta;
while for microgram quantities the colornmetric and
dures are used These will be exammned indwidually
each discussed.

* Assstant Durector, The Soranae Lahoratory, Suanac Lake, New York,
} Sec Chapler 22, (Ed.)
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Gravivernic Metnops

When a substance 1s analyzed according to the nsual scheme employed
for ramerals, berythum 1s preamtated with ammonta after removal of
siica and the hydrogen sulphide group in the case of alloys the heavy
metals are removed by electralysis with a mereury eathode before the

o1 Since the contains oot only

precy T
berylwm but probably other elements, such as won and alummum, a
separation 15 necessary A number of technics for accomphishing this
are hsted as follows

1 Ounc (8hydronyquinohine)
. Mercury cathode

. Sodim hydroxide
Cupferron

Ether evtraction
Ether-hydenchlone aaid p

¢ 12

Tanmn
, Sodwm carbonate fusion

[

When the quantity of the wterfering elements 15 smal, the separation
18 best carned out with oume (8-hydroxyqumnoline), as deseribed
Bureau of Standards Research Paper 813 **2 The excellent results obtamed
with this reagent are shown i table LXI Oune forms imsoluble com-

TaBte LXI  OFTERMINAFION OF BEAYLLILM WITH OXINE

B Frrs Second B0

saken separaion separation reoerad Error
(gm ) (gm ) (em)) (gm) Cem )
03001 02996 00006 03002 ~0.0002
01502 01497 00005 01502 00000
00150 00150 00002 00152 +0 0002
oo0ls 00014 00000 00014 —~0 0001

OTHER ELIMENTS PRESENT (GM )
00LFeO; 00030, 0005 Z0,

pounds with won, alummum, and titamum, while the berylom, which
remams i solntion, can be precipitated 1 the fltrate with ammonia
Although 1t 15 claumed that the precipitation of herylhum 1s complete
even i the presence of the ovine reagent, ths does nat appear to be true
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in all cases and it 1s safer to destroy the organic material with mitne
and sulfurie acids before precipitating the beryllium. Two precautions
should be observed: fltrates should stand overnight and be exammed
for any additional precipitate and the solution for washing the precipitate
should be faintly alkaline,

Therse ase several separations which are used oceasionally either alone
d, electrolysis

or preceding an oxine precipi As already
with a mercury eathode can be employed to eliminate heavy metals such
as won, copper, and zine, while aluminum and beryllium will remain in
solution Other reagents useful for separating aluminnm and berylhum
from iron and vanious elements are a boilng solution of sodium hydrovide
and the organic salt cupferron Estraction with ether is an easy way of
removing Iarge amounts of iron but a little is always Jeft behind Beyl-
Livn can be separated from aluminum by the Gaoch and Havens method,™
m which the aluminum is precipitated as the chlonde in a mature of
ether and hydrochloric acid, or by precipitation with tannin as described
by Nichols and Schempf +#* Fusion with sodium carbonate followed by
evtraction with water is somettmes used to separate berylliom and phos
phorus but tests smdicate that more or less beryllum may go inte solution

with the phosphorus

CoLoriMETRIC MrTirops

Dr. Neuman described two colonmetric procedures which he studied

i th
and found satisfactory (table LXIT) In one the color is produced Wi
TanLe LXI  COLORIMETRIC METIIOPS

[,
1,4-dibydroxyanthraqusnone, 2-suffomc acsd
austatticatboxylic sad (aluminon)
p-nrtrobenzene-aza-orctnol

1, 4-dihydrocyanthraquinene, 2 sulfonic acid, and in the other w"hdi:,m,
reagent known as alummon. A third method, developed m Englan )x
Osborne and Stross, 1% utilizes the dye p—nnrobcnzmc-azo-orcmu! It Mc
tested in the Saranac Laboratory but was reg Ted as itable bocaus
of the deep color of the blank and Txck of sensitivity.
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FreoroMETHC METHODS

The fluorometric technic would appear to be the method of chowce for
determming munute amounts of beryllum in biologic material, not only
because of 1ts great sensitwity but also because fewer substances inter-
fere Three reagents (table LXI1I), have been used in fluorescent anal-

Tasie LXI  FLUOROMEYRIC METHODS

monn
1-amino~4-hvdroxyanthraquinone
1,4-dihy droxyanthraquinone (quinizarsn)

ysis for beryll monn, l-ar 1-hyd; hraq and 1, 4-
dihydroxyanthraquinone {quinizann). \lonn 1s the most sensitive but
15 less speaific than the others Dr. Neuman has already reported his
results with 1-ammo-4-hydrovyanthraquinone. Quinizann, which was
mentioned i Public Health Bulletin 181'2 as a suitable fuorometnc
reagent, was studied carefully by Fletcher, White, and Sheftel?? for the
deterrmmnation of berylim in ores. They found that it was the most smt-
able of the three fluorometric reagents hsted in table LXII and was
sensttive to less than 1 microgram of berylltum 1n 25 cc of test solution
In tests on berylhum ores they attained a rather high degree of precision
for a fluorometric method, as 15 shown mn table LXIV

Tasese LXIV  DETERMINATION DF BERYLLIUM BY FLUOROMETMC QUINIZARIN METHOD

Boryl Medsm-grade Low-grads
concentrate berylore bend ore Tarlings
(pec cent) (per cent) (percent)  (percent)
Average value nz 551 139 026
(gravimetric)
Flooromernc 11 536 138 0126
(visualy 12 551 139 015
1 538 136 024
12 536 139 016
- T
Susyary

In summary, we can say that chemical methods have been worked out
for determining beryllium mn amounts as small as 05 microgram While
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methods thus far published are not entirely satisfactory for estimating
the minute quantity of berylhum in some Linds of hiologic material, it is
expected that relable procedures will soon be available.

Discussion

HERVFY B. ELKINS, PHD.’

As Mr Durkan has idicated, the analytieal chemustry of berylum, even
when dealing with relatively large amounts, 15 by no means simple We
have done some work, with only mediocre success, with some of the
separations which he described, using both the oxine method and the
ether hydrochlonc acid precipitation of alummum.

We tned out the rufiamc acid method (1, 4-dihy droxyanthraguinone,
2-sulforic acrd) as described by Fawchall and his associates The origmal
procedure for this method mvolved using 1 ce. aliquots out of 100 cc. 10
the entire sample Suice the method is sensitive to only 1 microgram per
aliquot, thrs would mean a sensitvity of 01 ng. in the entire sample,
which 15 not very satisfactory. We were able with some dufficulty to
adjust this method to determme larger ahquots, 5 cc. out of a total
volume of 10 or at most 25 ce When we tried this out on air samples, h?“"
ever, we found there were interferences which we were unable to elimi-
nate Separation of alummum by the methods outlined above was only
partally successful, and magnesium also interfered.

We are now working with a morm method using a
fluorometer This method has some advantages m that reaction
wn strongly alkaline solution, which elimmnates a good many of the ‘"m;
ferences, We find rather high blank readings, however We have l'om[“
that a 20 per cent aliquot from an air sample basic blank before the
addition of reagent amounts to about the same as the fluorescence gnev

i tion.
by 1 microgram of beryllium, The blank reading given after mz nlddl‘h‘s
of reagent amounts to more than twice the increment caused by "

g as these varnous blanks are repv

amount of beryllum However, as lon,

ducible, we are hopeful of gettng some reasonable resuits ) o
As you are no doubt aware, in fluorescence work 1t 15 very fmport
Massachusetts Depart-

Coleman photo-
is done

® Cluef of Laboratory, Division of Occupational Hygene,
ment of Labor and Industries, Boston, Massichasetts
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remoye all traces of smohe or ot For this reason, in practice it 1s neces-
sary to igmte awr samples to a red heat m order to destroy any such
organte matter that may be present,

As Mr Durkan has pomted out, there are avalable chemmical methods
for determinug bery llwm now to amotats as low as 05 microgram An
rmportant question which might well be rused at this point 15, is this
sensitnaty sufficient? T do not think that the tovicology of berythum 15
as yet well enough understood to enable this question to be answered
directly However, if we reason somewhat by analogy of the heavy metals,
we may armve at an answer wineh, for lack of somethmg better, may be
of some value In the case of lead, which has been studied for a good
many years, we have long had methods capable of determinmg quanti-
tics of a mibgram or shightly Jess We have abo had the spectrograph
for some time These methods were, 1 geveral, found adequate for
evaluation of ar samples Only a few laboratorses, however, were able
to work successfully with brologie materrals, especially with human
tissues, using these methods When the dithizone method capable of a
sensitiity of 1 microgram was developed, however, the number of
laboratories which could do ths work was greatly ncreased, and we
have, § beheve, made great stndes m our study of the lead problem
by use of this technsc

Now 1f we are to consider that an atom of berylhum 1s as harmful as
an atom of lead, the relatue atomc weghts must be considered Beryl-
Tum with an atomie weight of 9 has somewhat less than one-twenticth
the mass of lead, which has an atomic weight of 207 Thrs means that
a section of bone or other tissue which contams 1 microgram of lead may
be consrdered as no more abnormal than a smular section contamng
somewhat less than 005 microgram of berylium In arder therefore, to
make a chemeal analvsis of such tissue for herylbum that would be as
significant as a dithazone analysis for lead, we need 2 method which 1s
sensitne not to but te handredths of a mi Such a
method does nat seem immument, but these 15, of course hope that at will
be developed m the near future
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Spectroscopic Methods

A PoRITSKY®

Early m November 1944, the late Dr Gardner, of the Saranac Labo-
ratory, sent us for spectroscopic esaminatton a sample of lung ashof 2
person who had worked in a plant in Salem in which fluorescent pow der
was used. This person had the disease which was then called Salem
sarcoid Dr. Gardner was particularly mterested in the elements that make
up the wside coating of Guosescent lamps. Mentioned in his letter vere
the elements zine. beryllum, cobalt, antimony, copper, tungsten, cad-

mam, and silicon.

I

prz‘senu‘

Fic 165 Spectrogram of samples of Jung ash

e took a few spectrograms of the sample and ascertained the
of seme twenty elements i 1t, amongst them some of the elements \mdt;r
consideration, namely beryllum, zine, and lead We bad to est:lbhs,‘
whether or not these elements were normal components of hung ash. Wwe
ashed Dr. Gardner if he could supply us with a Jung ash sample '?: a
person having no known dust exposure He sent us the Jung ash ol “"
Norwegian sallor One of this saor’s Jungs showed localized tubercrlosis
and the other one, which was ashed, was essentially normal. i

We took spectrograms of the new sample. The ash from the saﬂor:
lung showed no evidence of berylhum or zine and the lead content W3

» Clevelnd Wire Works, General Electne Company, Euchd, Oblo.
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low, igure 165 shows part of 5 SPectrogray, of the py, ash Samples ,,

H¥taposition (the sailor’s Clrogram 15 the y, °one ang the Salem
Workers, the o, *er one) The elemengs foung 1y both ash g, mples ary
8hven 4, table [ xy, Mmbers o, gstde eq, lement Tepresens
relaty e Mensitios op he SPectral lyeg and are g, be co, Pared vy, on
2nother 4, a honzont ! dire, tion oy, (It eagy TG oup the
Spectrup, of some elements ) At the topof the table are Iisteg the element
Tasry Lxv sl':crlocnwmc MALYsEs o LUNG 4y
Sarlop F/Mrunm
Eleneny A Ptso3p)
~T Th—— ~74
oo 150
K 75 s0
L - 3
St 3 25
By 10 1o
Ca 75 1o
Al 25 30
Mg 75 75
St 50 50
7s 80
Fe 50 S0
Mq 2 to
T 3 3
Cu 25 25
Ag 1 1
Sn 1 1
Cr 5 o
B s 0
Be 0 30
. 0 25
2n 3 25
~
Mon ¢, both SMmples g the bottom, are the elements Where iffer.
S are Present qp, Nanvegmn Sarlor's Pectrogry, showeq Smajj
unts of chmmmm and borg, 1e Salen 0 showe, Ppreciahl,
"BtS Of bey, M, ne, g d, whyj, iy lea and pygp

dner He o U that g

Vidence of Cadmyyg,
*Pectrograp, t the tyne We did peg knoy, Whethe, this elemen
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tends to accumulate in the lungs. Subsequently, we had occasion to

examine other lung ash samples that showed evidence of cadmium How-

ever, they were not connected with exposures to fluorescent powders
Tlus was probably the first Int of cvidence that the Salem sarcoid

contained some of the components of the fluorescent powders.

TasLe LXVI. SPECTROGRAPHIC ANALVSES OF LUNG ASH

Fluorsscens Flugtascent
Liemens P-44-I2 P~§3-297
Na 150 100
X 50 5
S 25 10
Ba 10 9
Ca 100 100
Al 30 30
Mg 75 80
St 50 55
P 80 85
Fe 50 50
Mo 10 8
Tu 3 3
Cu 25 25
Ag 1 1
Sn 1 10
B 0 5
Be 50 40
Pb 25 50+
Zn 25 2
-

On December 7, 1944, Dr Gardner sent us the lung ash of another
Salem sarcoxd, P-43-297 We made a comparative analysis of the (\}\I“
Salem sarcords (table LXVI) Theie were minor varjations between lAe
two samples but the elements under suspicion were present in bofhl ’a;‘
outstandmg pomt about the new sample was the cumpnmt'n'el} “bn-
lead and tn content, as if the patient was subject at some time or 4
other to combmed fumes of these elements

On January 17, 1945, we received 4 more a:
were Salem sarcoids Samples P-40-230, No et for
from dufferent parts of the lungs of the same person, a gra‘mﬂte !I!l o 4
ten and a Lalf years His case was marked "S;hcos:s-sarcmd :;,Ig"(i -
right upper lung, was marked “Massive Abrosis.” Case P-41-32

sh samples. None of these
0 and No 4, were taken
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marked “Sarcoid and mild asbestosis, occupation not known except some
exposure to asbestos” Case P-44-328 was marked “Sarcoid-hke disease
very sumilar to Salem cases”

Table LXVII grves the results of our findings A-42-52 (Norwegian
satlor) is mncluded for companison Only the last of the four cases shows

Taste LAVID  SPecTROGRAPHIC ANALYSES OF LLNG ASH

Granees driiler

Nerwegran _ Aubastes Rado tabe
Element sailor P-#0-230 P-i0-230 P-44-326 P-s3-128
A-42-52 No 0 No 4

Na 100 100 50 75 7
K 7 7 7 100 40
N 3 3 1 15 2
Ba 10 10 5 5 0
Ca s 75 100 80 70
Al 25 25 20 50 30
Mg 75 73 50 7 60

75 75 30 © 75
S 50 6 50 100 50
Fe 50 0 50 7 50
Mn 2 2 o1 3 10
T 2 3 2 5 2
Cu 5 25 20 25 25
Ag 1 2 07 2 3
sn 1 5 1 3 r
Cr 5 [ 1 3 3
B 5 3 3 1 1
Be [ o 0 0 5
b ° 1 1 3 s
Zn 3 2 1 5 2
Bt 0 0 0 10 [
P 0 0 3 3 °
a 0 0 5 0 0

any beryllum The “mld asbestosis™ case, P-44-326, shows the presence
of bismuth, a newcomer m the hing ash samples A spectrogram of
asbestos taken by us a year eatlier shows the presence of bismuth This
sample 15 also rich i Jead and sihcon

Our net contact with Dr Gardner was about ¢leven months later,
We recerved two ash samples m December 1945,

and two more in
Jannary 1946
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We detected beryllium n all four samples (table LXVIII). However,
a new factor arose to cast uncertainty over the results At the Saranac
Laboratory on the floor above the room in which chemical analyses
were made, they were nimning an inhalation evperiment on anmals,
which contammated the air with zine beryllium silicate. It was sub-

Taste LXVIIL SPECTROCRAPHIC ANALYSES OF LUNG ASH

Morber of
Liemene emnployee Brass Factory Cremiatory Fluorenent
P-45-358 P-45-359 P-15-335 P53l
— e A - i
Na 500 s - =
K 100 30 0 50
o 3 50 5 .
75 100 £ 2
Sr 15 5 o f
Ba 3 ¥ s s
At o lo : k
Ga 0 2 ; s
Si 50 . 3 K
5 ! 25 o o
Be 25 o - 2
: o 0 50 ®
N B 50 50 50
Ni 3 S 0 g
Tu 10 : . s
Cr P ; ; ;
v 3 3 s :
Ma 5 p 3
15
Zn 10 ” o 5
Y 5 15 25 5
Ag 3 H : u
S o 3 10 ¢
Sn 10 3 » ;
Bi 10 3 2 ;
Ph s : 2

se of a fluorescent microscope) that there was
here of the whole buldng

rals were setthng at the
hour in various parts ©

he lung ash might lave
that the four

sequently found (by the u
an appreciabl

with these phosphors Particles of these mate
rate of three or four per square centimeter per
the laboratory, It was quite concevable that 1
been so contamnated. On the other hand, it is also possible
cases had exposure to beryllum compounds.

10n of the atmosp
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Aside from the question of beryllum there are other powmts of interest
about these samples. This 15 the first time that we find ewidence of
cadmium in Jung ash samples Bismuth previously found in the asbestosis
case 15 agam present here, Boron is present m the brass factory worker
m larger amounts than in the case of the Norwegin sailor Gallum s
present for the first tune, ewdently assomated with the larger amounts
of aluminum

On April 29, 1946, Dr. Gardner found that they had the ash of an
earlier case of a Salem sarcoud, P-45-338 The results of our observations
are gren 1 table LXIX The sample shows the same general charac-
tensties,

Taste LXIX  SPECTROGRAPHIC ANALYSIS OF LUNG ASH

Flyorensent
P-45.338

Na 500 Be 30 Zn 15
X 7 ? £ Cu 5
Mg ) Fe 60 Ag 1

5 Nt 5 s 3
Al 15 T B b 1
St 45 Cr 5
B 1 Mn 5

Another case, P-46-309, came up later (August 8, 1946) from a brass
foundry Dr Gardner stated: “The tissue looks more like silicosis than
1t does sarcord m many places, nevertheless, there are typrcal lesions of
the latter present” Berylhum 15 present and lead, zinc, copper, silver,
cadmium, tm, and boron are present i relatively large amounts (table

Tastk LXX  SPECTROGRAPHIC ANALYSIS OF LUNG AsH

Brass Powndry
P-46-369
Ca 10 Pb 30 Fe 100
At 5 Za 50 Ma 10
Mg 50 Cu 50 Tt 5
St 1s Ag s v 10
P 50 Cd 10 N1 3
Ma 0 Sn s C 10
K 100 B 15
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LXX). Dr Gardner seemed to be consinced by then that the presence
of beryllwm is of fundamental importance.

About two months later I learned the sad news of the passing away
of Dr. Gardner.

To obtain an wdea of the order of magnitude of the smount of bery lun
present in the lung ash, we obtamed a lung through the hird offces of
Dr. A. D. Nichol. We ashed the Tung and then added to two portions
of the ash the equualent of 001 and 0.1 per cent by weight of berylium
The original sample was found to contain a very small amount of beyl-
lwm, to which we assigned a value of 3 on the prevsous basis,

T

I

S
S

Fic 166 Spectrogram of sample of lung ash compared with centrol
samples contaming a known amount of berylhum.

We then took 4 spectrogram of P-44-322 as well as of the tho :fbv\“?
treated samples using equal amounts and giving eqmi exposnres in A
three Figure 166 shows the spectrogram 10 the viciity of the ber)l‘:‘l\:\
hnes From the relative intensities of these limes we see that P—“ﬂ‘;
(middle) contains more than 001 per cent (upper) and less thao O

per cent (lower), though closer to the lower one.

Discussion
JACOB CHOLAK®

s
ng, pqrhcur.uly the spectrogm®

Beryllurm m these
This is in complet®

Mr. Ponitsky's paper was very mtevestin
of lung tissue which cleatly show the presence of
cases diagnosed as sarcoid due to berylljum expostre

Oho
° Kettermg Laboratory, Unnersity of Ciaianats, Cinainnat,
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. 1
agreement with our own sp phie experience m g simlar
matenal.

The phic method for o g benylum - biologic

i
matenal was adopted 1n our Jaboratory when a scarch of the hterature
led us to the same conclusion expressed by Dr Ellins that the chemical

FTTTTTTTTTrTT I

w *uaeed

T 1T

Wteroerann ot Ja/rls

g 2 ggaze
FETIIN

Blassentng cures

[ty

P 0

ol

Fic 167

Working curve for spectrographic dc termmation of beryllium

methods currently bemng used lack spearficity and sensitivity Early work
mdicated that the spectrograpluc technic was very promismg, but that
difficulties might be cxpected 1n the preparation of the samples for
analysis As a result, much of the work was conccrned with the develop-
ment of methods of sample preparation and with the 1solation and con.
centration of minute quantities of beryllium without loss

A satisfactory and precise quantitative method was fnally deseloped,
This method* witl appear shortly m Analybical Chenstry, but some of
the details will be presented m this paper Before domg so, however, T
might add that further work on sensitivaty has resulted 1n such a remark.
able increase in the seusitwvity of detection that the exacting sensiivity

requirements wlich Dr. Elkms has set for a suitable chermical method
are now being met,
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Figure 167 reproduces the working curve which is used to evaluate the
spectrograms of the samples It was derived from data taken from spectra
of solutions of known amounts of beryllium n a buffer solution contain-
g thallium as an internal standard. The curve is shown not anly to
llustrate the range of analysis and the type of photometry which is
employed, but also to demonstrate the effect of “self-reversal” Thus
each x mark represents an average value obtained for a set of 6 spectra
on a single plate. The straight line passing through the circles 1s the
working curve, and at each pomnt the circle gives the mean value for
the total number of spectra taken. The increasing spread of the x values
with increasing concentration is due to “self-reversal” of the berylhum
line, and this plainly indrcates that satisfactory analytical values are ob-
tained only in the range 02 to 2 micrograms of beryllium per ml of
solution, Iligher concentrations of beryllum may, however, be deter-
mimed if the prepared sample solution is adjusted to a suitable volume.
The most sensitive berylum hne at 2348 & is used since it is the only
hine that appears with the quantities of beryllium which are Jilely to be
encountered in biologic matenal.

Since the amounts of beryllum n biologic material may be “"")'
minute, an adequate analytical procedure involves the proper preparation
of the sample and the isolation and concentration of berylhum without
loss, Table LXXI shows how tlfe 1solation and concentration of beryllum

Taste LXX! 1SOLATION OF BERYLLIUM By ENTRAINMENT WITH PHOSPHATE
(PRECIPITATION PROST FRESH URINE, 40 ML.)

Micrograms Be added Mucrograms Be recorured

0 0,0

05 065,060
10 110,105
20 20, 20
40 35, 35
80 88, 90

[ i S
pletely semoved
ution con-
hosphates

are accomplished It may be seen that beryllum is com,
from solution by entramnment (or precipitation) when a sol
taimng beryllum 1s made just alkaline to phenol red and the pl

of calcium and magnesium precipitate out.
ng the
Before this satisfactory procedure for ssolating and concentrating



Spectroscopic Methods 441
beryllum can be used, 1t is first necessary to obtain a suitable solution
of the ashed biologic matenal Table LXXII Dists the results obtained
with a dry ashing procedme Il may be seen that such a procedure 15

Y, swmee

pp i\ of beryllum are lost,

Taste LXXIl  Losses OF BERYLLIUM ASSOCIATED WITI{ DRY ASHING OF
URIME saMPLES AT 500° C,

Mucrograms Mucrograms Average recorery
Type of dish B added B recorend por cent
Glazed silica 1 09,04 65
Glazed silica 1 04,12,14 50
Glazed silica 4 30,22 65
Glazed sihica 16 96,24 38
Platinum 4 05 12s
Plaunum 8 32 o

Table LXXIIL, shows the results obtaned after “wet ashing” the
samples, This procedure mvolves the use of sulfuric, nitric, and some-
times perchloric acids and, as the data sndicate, 1s the preferred pro.
cedure

Taere LXXIII  RECOVEMES OF BERYLLIUNL FROM BIOLOGIC MATERAL
FOLLOWING WET ASHING

Mucrograms Mucragramy
Matersal Grams Be added Be recovered
Blood 10 [ 0,0
Blood 10 03 065,060,060,05
Blood 10 15 16,16
Liver 10 08 06
Liver 10 s 15,110

Although the spectrographic method 15 speerfic, a shight mterference
occurs 1f large amounts of iron are present. This interference 1s not one
of mashing of the beryllium e, but rather that due to “foreign 10n
effect” In the presence of large amounts of iron, the mtensities of weak
beryllum hnes are enhanced to a greater extent than is the internal
standard Lne, with the result that the quantitative findngs for traces of
beryllum are 1n error, being uswally on the high side as is shown
table LXXIV The iterference by iron, however, may be elmunated
easily 1f the iron 15 removed with cupferson, as has been suggested by
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one of the carbier speakers. That this procedure is elfectie and does
not result m loss of beryllium 1s also evident from the data m table
LXXIV.
Taste LAXIV  ReEcOVERY oF BemvLLica Iv
THE TFRFSENCE OR ABSENCE OF iRON
{(MATrRIAL=10 GRAMS OF BLOOD LXCEPT A5 INDICATED)

Mictagrams Be recoversd
AL

Be added Fs Present Feromoed
0 0,0 0,0
05 14,09 0.65,06
05 08,07 06, 05
050gm Iner) 08,06 05
13 17,19 16, 16

The outlme Just ginen covers only the high lights of the procedure,
which in summation consists of the following steps:
1. Wet ashing of the sample
2, Isolation and concentration of beryllium by entrwnment
precipitation as the phosphate.
8 Removal of iron where necessary by means of treatment with
cupferron
4. Spectrography.
The procedure has proved quite satisfactory in our invest
gram and has been used on all types of biologic material and aho

o
analyzing air contamunated with berylum dusts Although sahsfactary

acks sufficient sensitwity to detes
the vrinc

in or

igative pro-

for most purposes, this method 1 mine
the minute quantities of beryllim which may be present m -
of workmen exposed to berylium dust, particularly swce dwre‘ 1 C;)

siderable evidence that the amonnt may well be only a fmctl‘ﬂﬂ On:
microgram per Iter of urine Smce the analysis of beryl]x.um'mdf:c!_
requires a 50 cc sample, the concentration of beryllmm which is t‘ o
able with the above outlined method is about 4 micmgmms. per }: ,C
Therefore, we have recently reinvestigated the spectrogﬂl’h‘c lfct::
with the purpose m mmd of increasmg the sensitivity nf]d;‘h‘f ‘ﬂw
Remembening that 1n 1931 Mannhopf and Peterst™ showec !:]m'm"
sensitivity of detection cauld be increased several fold by :;"l]llns 5\91;
the “cathode layer” method of exaitation, we has e mcorporate
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into our procedure. The result has been the development of a method
which 15 capable of detecting 0003 microgram of beryllium in the are.
The absolute amownt detevtable, agam when vsing a 50 co sample, has
now been reduced to 0.015 mi per sample, ponding to 0.3
mucrogram berylhum per hiter of wrme It w hoped that this newer pro-
cedure will permit a to follow the absorption of beryHuwm by means of
unne analysis Complete detarls of the more sensitn e, modified procedure
will be published as soon as posstble 32

Further Discussion

N aELLeREN T wonld Bhe to bring to sour attention the peculiar
properties of some beryhunn compounds Basic bery llum acetate 1s very
volatile, 15 sublimed without any loss, and 15 soluble ta many orgamc
hquids In analytical work the berylhnm content, 1t present as basic ace-
tate, may easity be lost by heating. [ should thuak st would be very mter-
esting to studs the beryllum acetates and some of the related orgame acxd
beryllmm compounds and their effects and behavior i the body

1 would also hke to mention a peeubar property of berylhom sulfate
If alummum sulfate )5 dissolved in water, 1t hydrolvzes shghtly and wal,
therefore, dissolve a swnall amount ot alummum hydroude Berylhum
sulfate, when dissohed m water, also hydrolyzes to some estent and 1t
would, therefore, be expected that the solubion would dissohe only a
small amount of beryfhum hydrovide, Howeter, 1t has been found that
bernylimm sulfate solutions dissolve very large amounts of berylum
hydrovide, in fact, normat berytium sulfate may dissolve several equiva-
lents of berylhium hydroude The solution, therefore, acts as an aed 1
believe this pecubiar property should be kept m mund when the effects
of berylhum sulfate on the lungs and 1o feeding experiments are studied
Possibly, after rats had been fed with berylhum sulfate saturated with
herylhum hydrovide fustead of the normal sulfate, a diffesent result
might have been obtamed Alo a botter conception of the effect of
berylhum sultate i the feeding expenuments might have been reached of
berylhum sulfate had been compared directly with alummum sulfate.

As T am probably the oaly beryllaum praduction man present at this
mecting, 1t may be mteresting to you to krnow what the vperators in a
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beryllmm plant are afraid of and what they are not afraid of, We are
not afrmd of beryl ore, beryllium oxide, beryllium copper, or other alloys,
or of beryllium metal atself, We are afraid of berylhum metat dust and
dust of beryllum sulfate, beryllum fluoride, beryllium chlonde, and
beryllium capper dross

I know this viewpoint is very unscientific, but I think it may be of
sigmficance, as it has been developed from years of expenence. I leave
st with yon for what it is worth.

Another thing that T would Ike to mention again 1s that we worked
with berylhum in our plant tor five years before we had any case of
acute pneumonitis During this period we were all exposed to berylhum-
containing dusts m the form of silicate, sulfate, and oxide No explna-
tion of this effect has come forward in this meeting Somebody sug-
gested that the reason may be found in a change of the composution of
beryl ore which, durmg this period, was mostly purchased from ndsa
and the United States. The main source of beryl ore is now Braz) A
other explanation that has been suggested is that our plnt operatars
were all immune during this early period and that we later began 0
employ people sensitive to berylium compounds I do not thisk that any
of these explanations is satisfactory

or kiEawpERER | was particularly interested in the data Mr, Kyellgre
gave us on the chemistry of some of the beryllum compounds A‘h)""
chem-

have heard, the literature is almost devoid of description of the "
istry of berylhum, in textbooks, it 1s usually treated in small prat We
have data about a few of its reachions, but we know Little about the
physical properties of the salts
More knowledge about organic compounds,
compounds, ete, might help us not only in de
also mught gwve us an understanding of various p
case the basic agent 1s not the beryllium itself but
which does not readily dissociate withia the body. \ the
So, any kind of information from people who know more nbm,; i
chemustry or physicochemstry of beryllrum can give us added Lna\; o:m 2
about the physiologic implications e more than welcome such n
tion
DR. VORWALD  Are there any other questions from the floar?

undissociated inorgame
veloping methods, but
hases of the disease &
some cOmpovH



Spettrostepl: Methogs 445

For the Tecord, y would J10 10 clegy up g st:xfemc-nt by

er that ghe Mounts of bery iy, foung Y the Kc“(‘rmg

' m one of My chropye €ases yepe m hmx(lrcdlhs of & mygyq,
)

i1 showmg the table of .xnnlyses, unless You Tequest 1, the
o Tepresenteq A convergig, of MICTOgramg e myly,.

ber vk Put the questiog Some fuy, days ago
S0

Satisfies me cnmpletel} When 1 Teferreq the thirg
an three decimglg After the Pomg, fyy, three decimgls
f the poyny




CHAPTER 28

A Further Program

WILLARD MACHLE, M.D. °

The problem with which we are dealing carnes with it a great respon-
sibility, By concerning ourselves with the beryllum problem, we take
upon ourselves indirectly the responsibility for the health of the thou-
sands of workers who are now exposed to this element,

With due regard to the combined efforts of all concerned, it should
be stated that we are all attempting to get in a few years ime Jnowledge
of a disease that normally wonld be accumulated only after decades of
study Silicosis has been known for years, yet knowledge of the mode
of action of the various forms of sthea and the treatment are today still
far from clear. Even though a concerted and systematic series of research
enterprises are carried out by all, and if these are coordmated and -
tegrated to obtam the mavimum saving of time and effort, we stll hne
no assirance that a practical answer to this problem will be uritten
before many years have elapsed. In the meantime, we must concern oI
selves with prevention, since this remains the best treatment, and con
tinuing efforts must be made to reduce exposures in plants to as low 2
level as 15 economically feastble to achieve
. we now stand

1 should like to review briefly where it seems to me that Tt
with respect to information on certain aspects of this problem and wha
long with our

we need to do and need to hnow to get a httle farther a

understandmg ol
It 1s obvious from the complexity of the problem winch has occupi®
the mterest of a number of people for four or five years that 1t 13 not
one that will readily be solved, nor is the problem one that is Iikely to
lend itself easily to solution by any intuitve ot direct approach Frac

® Consultant, Sylvaman Electnc Products Inc, New York, New York
446
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has been regularly found in the lungs in amounts ranging from ten or
twelve micrograms per hundred grams to a hundred or more microgras
per hundred grams of fung tissue.

Tlns association of work and exposure to heryllmm—the occurrence of
disease and the later finding of beryltium in the tissnes of the orgnsm—
does not necessanly establish cause (if we use the phantom word), but
it does establish relationship. These cases were all exposed to berylhum,
and it is true that to date lungs and bones have been free from beryllum
where there bas been no exposure and death has been from other causes
or discases. We will, however, need a large number of analyses on people
who work with berylhum from day to day and who die accidental deaths
or from other canses in order to blish the order of magnitudes of
beryilium deposit which can come about from exposure alone and pot
vesalt m the production of disease.

Another 1mportant point for future work is to study those situations
where beryllum 1s used and where no cases have been encountered, and
there are a number of such, We need clinca) and epiderologic stuches
m order to find out what magmitudes of exposure and types of compounds
are mvolved m these situations where there has been no disease despite

years of exposure, )
We further require some mechamsm for exchange of information, 2
central agency for exchange of mortality and morbidity data, c-;ts:
records, and pathology. There 15 2 hopeful Jihelthood of the Public Hea ,
Service nteresting itself 1n this undertaking if only to the e(fenlhﬂ
offering advice and assistance 1 coordnation of the problem, which has
now spread widely throughout Amerncan industry. bl
Further chmeal studies will have to be carried out on all awd "
cases. The disease requires characterization and attempts shouk .
made to set up defimtne duagnostie criteria. There has bee‘n great P! l;i
ress made 1 this direction, but one now needs clinical studies assoe™ ‘
with chermical studies which will not only assist in the cha’mcte"m-’o’:‘;
of the disease but possibly enable vs to establish an etiologic diagn o
as we do, that beryllinm 15 assocsated wi
another (aud 1, at least, mv“
things e
ent in the
one

if we are gong to assume,
the production of this disease m one way or .
convinced that 3t is), it should be possible to do certain
should estabhsh 1ts presence and distnbution as an elem o
orgamsm suffering from the disease, If an element i responsible,
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should be able to use the measurement of metabiolie relationships of
the element in the same way that has been done with Jead and arseme,
We must relate the amounts comng n, the amounts preseat w the
orgamsm. the amounts leaving end the equiibrium level

And then more mportantly perhaps~because after all, our concern is
with the people who are working, and the sateguarding of operations—
if an element is concerned, 1t should be possible to defie the relation-
slup between levels of exposure present in the aic and the equiibrum
level present m the orgamsm and agam relate these levels with the
appearauce or nonappearance of disease

The business of characterrzing all of these thmgs 15 dependent upon
a satisfactary analytical method.

1 thnk this symposiam has been a very happy occaston for many of us
We have heard reported for the first time now, an analytical method
which will give us a working tool hoth for plant control and for the
characterization of the disease as well 2s for the control of animal
expermentation

The requirements for an analytical method have been well defived by
Dr Ellans and others who have spohen The requrements are deter-
mmed by the q you will in cond under study
That was not too well thought through ot the outset when attempts were
made to devise methods Attempts were made to adapt methods to use
rather than to define quantitatevely the problem as it actually casted

We heard today of sp graphic methods satisfactory in dealing
with particular amounts of bervlhum

One point I want to brmg out with respect to research on analytical
methads The lustory of lead and ather analytical methods applied to
biologic use shows that m a pumber of sttuations, understandmng of the
problems of the disease were held bach because of falure to coardinate
results and methods and to exchange samples and standards

History 1s repeating tself again i the case of radioactive 1odine and
1t 35 impostant that there be a contmal exchange of samples and a
standardization of methods gomg on n the early deselopmental wodk
with beryllum Forewarned by the errars of many persons who, working
by themselves, published results which Liter were not comparable be-
cause they were obtamed by dissumilar methods. we ought nat to let
that situation oceur m this problem
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In respect to animal experimentation, T think we have some very hope
ful sigas that the discase can be reproduced, supplymg another link m
the development of the role of beryllium, I think the report of Dr Vor
wald was lnghly significant from that pont of view. It was particularly
mteresting that the Grade Four, or the grade just short of what would
indicate the pathologic human entity, could be approached by a phosphor
of 23 per cent beryllium, Certainly thesc quantitatne ‘relmonshxps
should be worked out because there are thousands of people working
with phosphors with that p ge of beryllium,

The tumor problem has been reported formally i the hiterature by
Dr. Gardner, It is discussed from time to time, and 1t 153 problem 1
think ments very serious consideration. The startling uniformity with
wlieh sarcoma can be reproduced by a variety of beryllium compounds
in one species of ammal is a significant observation. I think 1t is not oaly
significant, as pointed out this morning, from the pomt of view of e

but it is signifi to all of us—we are agan in 2 state of

B
unknown hazard with respect to the human population We do not know
hence It took nearly

what will happen ten, twenty, or thirty years
seventy-five years to blish the c. geuicity of ch and
nichel

I am not unduly concerned with results from o
when one gets clear-cut evidence of the capacity of an ele
certain things, one cannot ignore it, and there must be exte

systematic research carned out on that particular attribute
ses of granulomatosis in any e

hat js, work with BB
pont, since we have
planation nOW can be
ture of radio exystals,
d no one thioks vé¥

ne spectes only, but
ment to do
nsise and

In one company there were no ¢a:
vidual who began work since October 1942, ¢
phosphors We are recently able to reaffirm this
found that 2 or 3 cases that were difficult of ey
related to exposure to beryllium in the manufac
a thing which goes on practically everywhere an
much about

One final word on plant control. The air sampling yethods, vsIng
entional technics, have give
f a microgram per cubic foot
or manufachums;
of the phosphors 15

1 us results of the
of awr A
4 plnt

samples collected by conv
order of magnitude of a tenth of
sertes of 52 samples of powder from 2 phosph
contained a minfmum of 009, The particle size
the order of 0.1 to 02 micron.
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Many factors must enter into the study of plant control—the particle
stze, cistribution of the berylum compounds, and the method of prep-
aration Smce we have plants i the Untted States where 2, 4, or § per cent
berylltam phosphiors have been used aver a period of years without
occurrence of cases, 1t becomes very important that thesce plants be
studied carefully, using standard methods of collecting samples and
reportmg results, so we can develop a meanmgful threshold of safety in
establishing plant control,

Discussion

HAROLD € HODGE, PHD °

The summary of evisting knowledge has been so clearly descnibed by
Dr Machle that I wish only to underscore what might be called headlines
from Dr. Machle’s presentation Broadly stated, the prinerpal problems
seem to tevolve about the necessity of establishing the relationship
between the enviroument {exposure) and the patient (illness) Dr.
Willams and Dr Vorwald also have stressed this need,

The first point might well be the need for a simple, rehable, and
accyrate rapul analytical method for berylum (Dr Nickson emphasized
thus pomnt ) Bloed and urme samples, the dust samples from tndustry,
and the tissues of expenimental animals at present may be analyzed only
by those who have the sy pic facilittes available Acq of
a number of control spectrographic analyses 1s needed on (1) persons
with no history of berylhum exposure, (2) persons wn related industres
(alloys), and (8) persons norkmg with other metals, such as zircomum,
titanium, ete Only after such analyses are obtained can proper evaluation
be made of positive findings 1 berylum-exposed indviduals

The second might well be the need for greater knouledge of beryllhum
dusts Is there a special malecular species which prodnces the remarhable
changes obsen ed, or will any beryllium compound provoke thus response®
We need exhaustive studies of the dusts as to particle size, surface area,

shape, hardness, hustory (for example, conditions of ealeination), and
source

¢ Herd, Buochemustry Section, Divssion of Pharmacalogy, Atome Energy Projeet,
Professor of Ph mﬂam\n{), School of Medicane and Dentitry, Unmveraty of ol

ches-
ter, Rochester, New Yorl



The third point might be the investigation of the chemistry and bio-
chenustry of berylham Both Dr, Klemperer and Dr, Dill cited numerous
deficiencies in our knowledge. With physicochemical technics we would
seeh solubilities (for example, that of beryllum phosphate) and solution
properties, from which the 1dentificatton of the jonic form m which
beryllmm custs i the body might be made. The biochemical attack
might profitably be centered on the metabolism of beryltm, studies of
the beryllum protem complexes, and of the effect of berylhum on cell
systems. After Dr. Martland’s and Dr Scott’s reports we would ble to
have information about the nature of the inclusion bodies they deseribed

As the fourth stem, the essential character of beryllium as a “necessary
and sufficient”™ condition 1 the various forms of illness of berylbum
worhers should prove a fertile ground for investigation The following
questions suggest Jines of attack,

Does a metal fume fever follow certain berylhum exposures?

Do the dermatitis and the ulcer dilfer from somewhat similar njuries
found 1n other exposures, for example in the chrome industry®

Ias the ostcogenic sarcoma of Gardner been reproducible?

Are the nasal pharyngitis and bronchutis different from those obse
in chemical industries where no beryllium is used?

Does the acute pneumonitis follow a pattern never seen etcfpt ‘:"h
berylium compounds? Kawechi suggested that titamum and zirconivm

ned

mght produce similar illnesses,
Is the pul 1 Iy ch 1? Records 27
L g t -
needed of all the minutiae, all of the uses of beryllium need to b::‘d
vestigated, the of these Js, the kinds of evp

i brought
details about chronic illnesses in every such industral exposure brofs

together g
The fifth item centers on the question, 1 berylum plus som o
responstble? 1€ we write this as an equation. Be+X fnctor——rduease],o"e
case when X equals zero would be interpreted that berylluT am!;
regardless of other ci produces the disord When 1 :"lm_
one, Gardner’s “nccessity” factor would be indicated, from the s g;re
tions at this meeting, such a necessary factor might be fuonde e\};’zﬂ‘ed
If X is multiple (more than one) then the problem bccf)mef comfpimm-
indecd If many factors are involved, dozens of combinations o

. . . atory tests,
ances might be equally potent in producing disease. In Jaboratory
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perhaps 1ll effects will only show up m animals under “physiologic stress ”
Evxamples of such stress moght be found 1 patients with allergues, preg-
nancy, infection, debilitation, or mjury

The sreth stem might well be studsies of the patient Dr Shipman has
called for tests suitable for detecting borderlne cases Dr Wilson has
pomnted out the importance of getting at subchimeal, early uvolvement
Special procedures might well be developed for the chromcally 1ll patient
to help control cough and secondary infections, to improve the appetite
Dr Carmody has pomted up this aspect by suggestmng that the patients
and the laboratones should be brought together Another aspect of the
problem and one that would be mvaluable to mdustry 1s the desirabihity
of finding a relhable index of susceptibility of new workers to poisoning.
A somewhat different aspect of the problem, but to my mind a related
one, 15 the description by Dr Harnngton of the benefits which will result
from “good metallurgacal control ”

The final and seventh stem which I wish to present 15 the study of the
possibility of a trigger mechanssm This study would be a fundamental
one based on the premise that there are probably only 2 hmited number
of reactions which the body 1s capable of undergomg One would
attempt to find out what reaction or reactions 1t 1s that beryllum tnggers.
From the currently recogmzed responses to beryllum, such as calling
forth monocytes, fibious mfltration, the necrosis i the presence of a
ligh concentration of beryllum, some suggestions as to further expert-
ments may be made Are these, and other manifestations perhaps now
only partially recognized, the visible results of a fundamental derange-
ment occasioned by beryllum?
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The thirg Pomnt might he the inLL‘stlga/ian of the chcmi.rlry and k.
t/:mmr!ry of bcly/hum Both py, chmperer and Dr, py cited numery,
dch'clcncws in oy Anoy ledge, Wiy, physicochemical technics o would
seck solubih.‘ws {for CAample, that of bcryl tm phosp}mfe) and sofyion
pmp(-mes, from Whiepy the idcntiﬁcahun of the fonje form i, whict

Docs , metal fume fever follow certain berylliyp, €xpostires?
Do the dermahm and the uleer differ from Somewhat simifar injuties

Does the acute pneumom(xs folloyw a pattery, never seep eveept ‘."f t
berylyg, COmpoundgp Kawecd Suggested thas tanivm and sureoning
Might Produce Stmlar Hinesses,

s the Pulmanary gmnulomntos:s sumc:ently chnmctcn‘zed’ Records are
needed of all the Minutize, oy of the yeq f beryllium nced to be ':i"
Vestigated, ¢, AMOUDLY OF (g compounds, ¢ kinds of exposures, d;t
detag)s aboyg chronye nesses n every syep industriy] exposure broug]

h

25 bcry/lmm Plus sometling
X factoradisease, the
at bery llium alone,

inter, reted ¢h,
p er. When X equals

regardless of other cxrcumstances, Produces the disord,
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perhaps 1ll effects will only show up m anumals under “physiologic stress”
Examples of such stress might be found m patients with allergues, preg-
nancy, mfection, debilitation, or njury

The snath atem rught well be studies of the patient Dy Shipman has
called for tests sutable for detecting borderlne cases, Dr. Wilson has
pomted out the mp of gettmg at subchmcal, early
Special procedures might well be developed for the chromeally 1l patient
to help control cough and secondary mfections, to improve the appetite
Dr Carmody has pomted up this aspect by suggesting that the patients
and the laboratories should be brought together Anather aspect of the
problem and one that would be im aluable to industry 15 the desmability
of finding a reliable ndex of susceptibility of new workers to poisoning
A somewhat different aspect of the problem, but to my mind a related
ane, 15 the description by Dr. Harrington of the benefits which wall result
from “good metallurgical control ”

The fnal and seventh stem which I wish to present is the study of the
possiblity of a tngger mechamsm. This study would be a fundamental
one based on the premtse that there are probably only a Imited number
of reactions which the body 15 capable of undergomg One would
attempt to find out what reaction or reactions it 1s that beryllum triggers.
From the currently recogmized responses to beryllum, such as calling
forth monocytes, fbrous mfiltration, the necrosts m the presence of a
high concentration of beryllum, some suggestions as to further expen-
ments may be made Are these, and other mamfestations perhaps now
only partully recogmzed, the visible results of a fundamental derange-
ment occasioned by beryllum?




CHAPTER 29

Conclusion of Sessions on the Besyllium Problem

B. L. VOSBURGH, M.D.*

The beryllium problem presents a new and unique industaal disease,
one that is often insidious in onset, baffling in nature, and probably
destined to be difficolt to control It is a disease affectiog primarily the
lungs. The acute and chronic forms are doubtless vazylng manifestations
of the same discase,

BeryHum appears to be the most important causative factar or oviows
agent 1 both cases. Berylhom and sts compounds should be considered
potentially dangerous, but they are too important to industry to be cast
aside lightly for fear of health mphcations. It is unlthely that hamfess
substitutes will be readily found, but they should be Jooked for.

Safe methods for handling even Harri 's industrial alloyst must
be devised!

Most of the chnscal mamfestations of the disease are pretty well e
plamed n terms of the physiologic studies that indicate rather den‘rIV
a slowed oxygen chffusion rate at the alcolar membrane, a Bnding
readily understood when one views the microscopic Jung sections which
show thickened ed 3 and d arterioles The
exact reason for thus thickened alveolar membrane 15 not well wnder-
stood. It 15 without precedent and defies analogy. .,

The very irregular meidence of cascs wr the Auorescent Jamp mdus:
wnplies great vanation m susceptibility. That factor will mabe ot aft
more difficult to prescribe threshold valnes for exposure. stes

Exp ! work at Rochester, as of July 15, 1947, demonst m»
clearly the mmitative and destructive qualities of most beryllium I;‘: .
pounds, leaves some doubt concerning the touc propertics of begpli

* Medical Director, General Electric Company, Schenectady, New York
 See Chapter 2, Discusnon. (E4.)
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CHAPTER 30

Clinical Aspects of Shaver's Disease

A R. RIDDELL, Ba, M.B, DPH.°

A report on this conditson by Dr Shaver and me was published in the
Journal of Industrial Hygiene and Toucology for May 1947 I think that
report covers the situation pretty fully up to the time when st was sued
1t would seem unnecessary to repeat everythng that was wntten then
1 shall, therefore, confine myself to certam points regarding the disease,
with flustrations of special cases

The dssease was di d—as far as its recognition on this
15 concerned—by Dr Shaver, the “father” of the disease, When cases first
came to his notice, he was quick to realze that they piesented somethmg
unusual He soon suspected an sndustnal relationshap, His snsistence that
these cases were of occupational orgn finally led to an mvestigation
which has established the accuracy of his conviction

A medseal survey on the employees of the several plants involved was
nstituted At the conclusion of the sunvey the cases found were classified
according to eertain changes demonstrated by Xeray films, prepared on
the workers concerned These cases were dessgoated as “early” and “welt
established ™ At that time there were 12 of the former and 23 of the
latter, and 1n addstion there were 13 films on which we hesstated to com-
mt ourselves, these were classed as doubtful A recent review mdicates
that there are now 30 cases of "well established” disease, 29 classified as
“early.” and 17 “doubtful” This apparent increase is partly accounted
for by the discovery of additional cases through penodic exammation
with Xeray, and by extension of the disease sn cestain mstances On the
basn of the numbers employed (344) at the hime of the sunvey 1t would
appear that roughly 17 per cent of those m exposure have been affected

* Diasun of Industaal Hyguene, Ontarsa Department of Health, Tusonto, Ontans,
Canada

a5
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The workers who develop the disease are engaged in the processing
of baunite for the manufacture of corundum. This is effected by heat
treatment in special furnaces of the electric type. These furnaces consit
of large metal kettles They are fitted with movable clectrodes which can
be rased or lowered as required They are arranged m rows along the

- h—

Fic 168 Duagram illustrating the position of the exposed workers 1
relationship to the furnaces, the storage bins, and the crane

furnace rooms and are fed from platforms situated at suitable levels to
allow the furnace tenders to shovel the matenal into them A certain
amount of materal 1s added to the furnace. The electrodes are then
lowered and the current apphed. The heat generated by the electric are
fuses the material, From tune to time during the operation further mate-
rial is added. During the fasion, and particularly when additional mate-
vial is added, a dense white fume 1s evolved from the surface of the
furnaces Although most of this fume 1s carned upwards by the heat
draft to escape through openings m the roof, much contammation of the
hborhood of the furnaces oecurs The fume con-

t b in the
N ’

tains considerable quantities of alumma and sithea and small quantities of

many other substances In certain of these plants mmethods for the removal
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of the fume hove been devised, and this has materally reduced the con-
tammation of the atmosphere 1n the neighborhood of the work places
In one wmstallation the umprovement 1s very marhed Some difficulties

have been encountered, ho“ ever, and some tiyne may elapse before the
tallabions are Teted

The disease which sometimes {nllows the inhalation of this fume is
essentially a lung fibrosis It develops gradually 1n the majonty of cases,
but 1 certam mstances disturbingly rapid development proceeding often
to pross involvement of the lung structures has been noted Spontaneous
poeumothoray, often bilateral, 1s a spectal feature of advanced cases and
this was present m each of the knawn fatal cases

There are no <l P ymp are apt to be sur-
prsngly meager when compared with the ewid of disease md d
by chest Blms Most “early” cases are symptom free. 'A few complan of
muld dyspnea, which 10 most 15 present for derable periods

of time before 1t attracts much attention In “more advanced” cases rela-
uvely shight dyspnea 15 apt to be nterspersed with periods, generally
of sudden occurrence, when dyspuea 1s extreme Tlis 15 often associated
with chest pain which may be severe. When these attacks of dyspnea
and/or chest pain occur it 15 evident that the patient concerned has devel-
oped spontancous pnevmothorax

Physical signs are absent n “early” cases In the “more advanced”
cases these are vanied Loss of weight and strength, frequently con-
tributed to by loss of appetite, are common The chest findings to be
ehoted on physical exammation depend Yargely on the degree of lung
mvolvement, the presence of pneumothorax, and the distortion n the
structures related ta the chest

1t 15 evident that diagnosis depends largely on the chest radiograph
and 1n this connection T wish to emphanize the necessity for lms of good
quahty Thus 15 particularly important i the equy stages, It may not be
quite so mmportant when the i 18 ] For like
thus the use of portable apparatus 1 apt to be very confusing, as such
equipment doces not, as a rule, produce films m which the finer changes
can be appreciated,

Figure 168 ah di i

the I it of the fur

naces in a fumnace room  Although it 1s out of proportion 1t mdicates the
positwan of the platfarm and the feeders who tend the fumaces, Bins are
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situated behind each furnace. The arrangement of the distributing car-
tiers can be apprectated In one plant the main stotage bin is situated
above the furnaces, In cach plant cranes situated Ingh up in the furnace
rooms are used to shift the kettles with their fused material ft is

Fic 169 Chest roentgenogram of a 30-year-old worker exposed for
8 years It exhibits unusual shadowing and a pecular ringhke shadow en
the right side There 15 also a small pnenmothorax on the right.

these several positrons that the main exposure occurs and where the
operators arc affected.

A tabless™ previonsly publshed refers to the “well-established” cases
ongmally dncovered The first five cases and cases 8, 9, and 12 should
be specially nated as I shall refer to them presently. I would Jike you to
note the number of persons lhisted as reactmg negatively to tuberetdin
In several of these eases, parncvlarly m Case 3, the red blood eount was
high Vital capacity readings, where these have been hsted, are of inte-
est. In certam of these cases the vital capacity is now considerably Jower
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than hsted. The date of death m Case 2 is incorrect This man died on
May 25, 1943, and not i November as indicated Case § has died since
the table was prepared.

Figure 169 1 from a flm, prepared i Februarv 1942, on the first case

that came to Dr Shaver’s attention The patient was a young man, 30
vears of age, who had been exght years i exposure He was referred for
exammation because he had developed sudden, severe chest pan after
unuswal everton The film exhiluts unusual shadowng and contams a
peculiar, somew hat ring-like shadow suggesting, somewhat, cavity forma.
tion on the nght side It also exhibits a small pneumothorax There was
constderable discussion as to the nature of the condition. Tuberculosis
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was considered but the patient did not react to tuberculin even when
this was repeated m increased dosage, and he was not ill. After 2 penod
of rest he returned to work, but his occupation ‘was changed. A fim,
prepared m March 1942, showed the same general characteristics, but
the ring-like shadowing had changed. A lateral film prepared about the

Fic 171  Chest roentgenogram of a man, 25 years of age, exposed for
62 months as a furnace operator.

same time indicated that the ning shadow was situated in the neighbor-
hood of the mterlobar fissure. It was evidently part of the pneumothor:‘;
Later flms indieate that the pneumothoraces have cleared :mdl;here T:e
been no significant change m the general lung shadowls( (fg 170). .
patient has remained mn good health and is still at work.



Clinical Aspects of Shaver’s Drsease 465

Figure 171, prepared in August 1942, is from a man 25 years of age
He was a furnace operator and had been sixty-two months 1 evposure,
When first seen he gave a history of progressve dyspnea, smtating cough
with whitish sputum, and considerable foss of weight Because of these
symptoms he had left the plant 1 1941 and attempted work for a few

ﬁ_..‘k......_ﬂu .-u.k-*x ,.A

Fic 172 The above case (ﬁg 171) 7 monﬂn later The film mdicates
the common to lished cases pecubiar lacelike Tung
shadows, poeumothoray, disternon of the diaphragm, and widened
medsastinal shadow

months as an electncian Duning the winter of 1941 he expenenced sud-
den chest patn which was severc for two days and then gradually became
less acute The period of severe pain was accompanied by very marked
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dysprea. During this young man’s illness he was seen by several con-
sultants who made varous diagnoscs

TFigure 172 is also from this case It was prepared m March 1943 He
was finally admitted to the Toronto General Hospital on May 23, 1943,
On the 24th, he suddenly became evtremely dyspneic with rapud respira-

i

Fic 178  Chest roentgenogram of a man, age 33,'\\'1:11 36 mon;hs ;:
posuce, edubiting prenmothorax and fuid The fluid subsequently

appeared.

tions and marked cyanosis In spite of the admmistration of o:(ygcnfa]r;\:
other measures for Ius relief he died on the 25th, Until the time of x"
death no defimite diagnosss had been established. It was, however, Eszl:;'.,Y
gested that he had suffered from some form of slicosts These

cell blished cases. You will note
mdieate the app to ol
al shadow, the distortion of the duapl
the widening of the mediastinal sha " the d f aphrg
g @ I§

the pecuhar lace-Iike lung shad
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he observed that the shadowing, unlike that common to beryllium cascs,
is mot pronounced in the lower portions of the lung fields This case,
following on hus first case, arrested Dr. Shaver’s attention and made hu
suspicious of an occupational background

Fie 174 Chest roentgenogram of a man, age 40, with 29 months ex-
posure

Figure 173 15 from a man 32 years of age, who had had thirty-six
manths exposure tle had been apparently well up to July 1942, when
he began to notice shortness of breath He continued at work, however,
until February 1943, when he had a sudden exacerbation of symptoms
Ile never experienced violent pan but suffered considerable chest dis-
comfort and dull chest pam durng most of his tliness He was admitted to
the hospital and was thought to he sufiering from some form of pneumonia
He may have had pneumoma at that tume, because 1t 15 evident that the
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syraptoms in some of these cases are precipitated by attacks of prey-
mona. Jt 1s also evident that at times pneumonia eceutring in an early
case wil] be followed by a bl g out to a full-bl Il-established
case. It should not be difficult to determine whether the pneumonia is
real or not. When a patient with an elevated temperature is admitted to

hs Lates, at which tme
Fie 175  The above case (fig. 174), 11 mont d
Indateral preumathorax, extensive collapse of the nght Jung, and meds

astinal shift to the left were noted

il be
the hospital and has chneal sygns of pneumonia, the condition s}u;tnh is
clear If, however, there is no clevahon of temperature, pn‘em: m.m
unbikely. This film sllustrates what pccasmmlly‘occnrs;:;‘ I ;cs“ o

i the evidence of flul
You wil notice the pneumothorax and et

x
interest that in every case where flnd was noted, 1t disappeare
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snterference and it has never become infected After hus discharge from the
hospital he attended various chinics, at one of which a diagnosis of tuber-
culosis was made He then came under Dr Shaver's caren the sanatorism
Investigation mdicated that he did not react to tuberculin and observa-
tion failed to show that he was tuberculous He left the sanatorium

Fic 176 Same case as above (figs 174 and 175), but some 3 years
later than fig 175 Extenswve pulmonary pathology with extreme emphy-
sema and dntortion are Row endent

agamst advice and returned home, After several remussions and exac-
erbations of his symptoms he died m January 1944 An autopsy was
obtammed

Figure 174 15 fiom a man 40 years of age, who had been twenty-nine
months m exposure He was first sent to Dr. Shaver for cxamnation n
July 1943, because of difficulty m swallowing Spasm of the esophagus
was & d. The chest d was di dentall:

through
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the preparation of a chest film. The patient was referred for treatment
and the spasm was relieved Atter two months’ rest, he returned to work
in the plant but was removed from exposure. Later in 1943 he left the
plant because of illness, complamng at the time of shortness of breath
and tightness mn the chest. In February 1944, he evperienced sudden,

e ey

Fic 177 Chest roentgenogram of a man, 40 years of age, ;
31 months The film wllustrates the X-ray characteristics typied
ease n advanced stage

exposed for
of the dis-

t the
severe chest pam with extreme breathlessness This was so marked al

tume that he was unable even to walk .
175) was prepared 1n
ex;ri;:nzs‘t\\f;‘;n:l (lfiagd occl)n-red 1}: ef')dent‘ ‘The flm, as you see, exhll?:lt:
bilateral horax with more collapse on the nght :;ce
and the r;medmstmum shifted to the left The large bleb on the st:abIe
of the nght lung 1s particularly interesting as 1t suggests the prol
) of these p horaces.

June 1944, when he was re-
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Following this occurrence his condition gradually but matenally im-
proved and he obtained employment as a jamtor. He was unable, how-
ever, to handle this work for long and finally became unemployable
Fagure 176 shows the condition of his chest more or less as 1t 1s at
present When I last saw this man, he was seriously 1l He looked miser-

Frc 178  Chest roentgenogram of 1 man 40 years of age taken on a
routine plant survey The widening of the medristinum portends develop-
ment of the disease

able and was extremely short of breath, even at rest. He had lost con-
siderable weight The p note was hyp t over most of
the chest with impairment towards the nght base. Breath sounds were
almost inaudible Here and there fine, crackling riles were heard There
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was no elevation of temperature, He reacted negatively to tuberculin
1 would Tike you to notice the profound lung changes indicated by the
shadowing and particularly the evidences of extreme emphysema to-
gether with the distortion of the diaphragm and other structures. I am
nformed by Dr Shaver that during the recent summer this man's con-

‘ RO

Fic 179, Chest rocntgenogram of the above case (Bg ;78): 1 year
and 7 months later Extension of the diseasc 15 evident

valk te
dition improved considerably, so that he was able to walk modera

distances and even to cimb a slight il He is, however, again begmmng

to slip
The next flm (8g. 177) 1s from a mai
thirty-one montlis tn exposure. Unfortunately,

n 40 years of age, who had been
we have little clmical in-
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formation respecting this case The present film was prepared m June
1944 It would seem that two or three months before 1t was taken he had
been admitted to a general hospital suffermg from what was said to be
pneumonta He was apparently admitted to the Niagara Peninsula Sana-
torum during Dr. Shaver's absence and he died shortly after admission

Fic 180  Chest roentgenogram of the same case (figs 178 and 179), 2
years and 7 months after the first film (fig 178) The patient expired 5
months later

Thus 15 the ndvidual previously referred to with a red blood cell count
of over 7,000,000 The relation to the marked lung mvolvement 1s inter-
esting He also had a very limuted vital capacity. The lm allustrates very
clearly the X-ray charactenistics typical of this disease 1n the advanced
stage

Figure 178 15 from 2 man 40 years of age whose condition was dis-
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covered on the plant survey, When first seen he denied symptoms al
though he later admitted some slight shortness of breath on evertion
His general condition was good Aside from the X-ray findings the in
vestigation was essentially negative. The radiograph was prepared in
August 1844, and [ must admt its significance was at first overlooked,

§ age exposed 8%
Fic 181 Chest roentgenogram of a man 25 years of ag ) A
years, then removed to a non-dusty oscug‘ahun TE\e mﬁmgf?ﬁ‘;:n;.

veals thickemng of the med! an

4 we did ot
because when the survey films were ongmaily examined , :
medastinum whic

reciate the mmportance of the widening of the
fngve;(clent here Yl:)u will observe that there is little distortion of the
daphragm This man contmued at work but during most ni tgx;:!e‘-
mamder of 1944 he was censcious of mcreasing shortness (; 1
together with some cough and expectosation, In March 191]51, \s‘dsgz\ﬁ:\y
toms became more marked and m December of that yeaxdi siu He
developed left-sided chest pam, together with increased dyspned.
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was then off work for some weeks but later returned to employment
the plant yard

He was re-examned m March 1946 (fig 179), when he had been off
work for some derable time and his T were severe. He was

markedly dyspneic and had lost weight You can apprecate the extension

Fic 182 The same case as above (fig 181), but 8 months later The
roentgenogram reveals extension of the pulmonary process

which has occurred 1 the disease and should notice the marked distor-
tion of the mediastimum His chest was well formed, but on respiration
the accessory muscles were violently employed and there was indrawmng
of the lower 1 spaces The p note was g Ly im-
parred and the breath sounds were distant. A few crepitant sounds were
heard 1n the upper portion of the chest on both sides

He was re-exammed (fig 180) in March 1947, and died on August 15
of the same year An autopsy was obtained




475 Pneumoconiosis

The next two figures indicate the progression which has occurred in
another case discovered at the ongnal survey, The first film was pre-
pared i November 1944 This employee was a young man 25 years of
age, who had been si and one-half years in exposure. On the basis

Fic 183  Chest roentgenogram of o man 42 years of age employed as a
furnace tender for 36 months There 15 pronounced meduwstinal thick-
ening and distortion, diffuse mfiltration of the lungs, and pneumothorax.
Death followed I year and 7 months Jater,

of the X-ray findings hus work at that time was changed, but he con-
tmued in employment

The case was reviewed 1n September 1945 (g 181), when be in-
formed us that late m 1944 he had expenienced a violent pain on the left
side of hus chest during a spell of coughg He stated that the pain was
severe for three days and during that time he was very short of breath
Tt then gradually subsided and he became less bieathless. He contimed
m ntermittent employment until March 1946, when he fnally had to

stop work,
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The next figure (fig 182) shows his condition m May 1946 At pres-
ent he is in fair condition only. He has lost some 10 b in weight. He
breathes rather rapidly and his heart rate 15 accelerated His vital capacity
1s 2000 ce. There are no striking physical findings The note 1s hyper-

[
;
§
!

Fic 184 Photograph of gross sections of the lung from the above case
(g 183) Pigmentation, srregular areas of fibrosis, subpleural emphysema,
and thickening of the pleura are evident

resonant on the left and the breath sounds are distant especially on that
side.

The next figure (Bg 183) 15 from a man 42 years of age, who was a
furnace tender for thirty-si¢ months He stopped work m December
1943 Ehs case duning lus penod of allness exhibited the same general
Seatures as those disclosed by many of these cases He died m July 1945,
An autopsy was obtamed and the specimen was referred to Dr Gardner
for examination This case 15 included because hstologic sections indicat-
ang the pathology of the condition were obtaned from the case While



478 Pneumoconiosis
the man was hying a diagnosis of tuberculosis had been made, but
tuberculosis was not found to be present at autopsy.

Figure 184 is a photograph of gross sections of portions of the lung
from the case. You will note the irregular areas of fibrosis, the pigmenta-

Fic 185 Note the thickeped pleura and distortion of the wnderlymg
pulmonary parenchyma of the same case (fg 183).

on of the glands at the lung root, the areas of thickened pleura \v;th
feb formation, and the margmal emphysema mmedrately beneath the
leura
Figure 185 15 a photomicrographic section tahen from 1mmed|al}]e{y
elo:z the pleura You will note the thickened alveolar walls, the emphy
ma, and mvading fibrous tissue. !
Figure 186 15 a higher power preparation It shows the m?re lnf t] :}j
uckenmg of the alveolar walls and reveals that these are mez1 ‘:,:1[5
1bowdal :pxthehum. One portion of the field shows these thickened

eing 1nvaded by fibrous tissue.
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with fume developed a fibrous lung condition showing charactersstics
not unlike those exlubited by the buman cases. It is likely that reports
covering these observations will be forthcoming from the Trudeay
Foundation in due course,

Fic 187 Fibrosss of the pulmonary parenchyma of the same case
(fig 183) about deposits of mwhaled dust

It may be surpusing that cases of this disease should have been :;5_—
covered only so recently when the process concerned had been m gpm‘
tion for a period of at least twenty years It 1s strongly suggeste e
cases may have accurred previously and were missed. 'Some K:::::d %“
a partial survey covenng certain of those m expasure was ,cun e
coanection with the employees 1 ope of these plants, The flms prfp -
at that time were taken with a portable upparatus and w;r]erec D(; d‘;pfo .
quahty Most of these films had beenf d;st;ogrt;dc nl::fosrheo:v:s‘mﬂowmg

light A remarming film on one of the fata s
z:rx;‘:gt]; :Lgxggestive of eargly disease, At the tuve of the survey, however,
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the shadowing was ascribed to tuberculous mfltration. A review of cer-
tain death records indicates a rather high death rate from pneumoma
and coronary thrombosis among workers at ths process These are at
feast suggestne 1t 1s mtimated, however, that during the period when

Fic 188 A tracheobronchial lymph node of the same case (fig 183)
Although dust pigment has been deposited from the lung, nevertheless
there 15 mumal reaction and no fhrosts

these cases occurred the process had been accelerated because of war
needs Durmg the war, production mereased about ten times but there
was not a corresponding merease 1 working staffs Thus the exposure
m relation to the mdvidual worker was considerably more 1ntense than
had previously becn the case,

The etology of the disease 1s still abscure There has been much specu-
lation as t0 its cause, but nothing bas been defimtely estabhshed, except
its relation to the furnace fume Experimental work 1s now bemg con-
ducted 1n several places with a view to clanfying the situation It 1s hoped
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that, i due course, these expeniments will bear frut and afford the
answer,

In closing, T wish to draw particular attention to the radiologic appear-
ances which constitute the carliest manfestations of this disease, These
are often so slight that they may be missed entirely or, if they are noted,
passed aver as msigmficant These shght changes are important, however,
because certain cases advance very rapidly. When early changes are
noted, removal of the mdmidual concerned from further exposure must
be seriously considered as this is the only method offering a ressonable
chance of efecting arrest of the process.

Having n mind our expenience with this disease it may be that the
situation i relation to some other exposures, at present considered harm-
less but mvolving dusts or fume, should be reviewed unless, of course,
the warkers in such exposures are now being checked at periodic intervals
by chest radiography. It 1s posstble, as in this instance, that reliance on
the evidence of a stugle survey and on films of indifferent quality may
have mfluenced the opmion regarding the harmful nature of some of
these exposures This may be even more important if the opinion was
based on expertence with the radiological manifestations of the effects
of sthea dust mhalation for most ot us are influenced by our preiious

cxperience.

Discussion

C G SHAVER, 3.D.°

Dr. Raddell's paper has presented many problems which are as yet un-
answered It 15 very difficult to understand why an industry which has
been operating for many years would suddenly brng to light the conth-
tion which he has described, with no apparent change in the physical
properties of the materials used or m the manufactuning process. We
have examined many patients from the abrasive plants sitoate ¢

Niagara Penmsula in years gone by and in view of the apparent individ-
wal susceptibility of some men to this disease 1t becomes difficult to
realize why certan employees did not show well-developed disease pre-

d n the

@ Supenmntendent, Niagara Pemmnsula Sanatorium Assocfation, St Cathanines, On-

tarto, Canada
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4. Repeat X-ray examination of all men exposed to fumes at intervals
of six months, or more often as ndicated, It has been observed that those
showmg considerable X-ray change say progsess materially oves a perod
of sux months, but it s not felt that an employee with a normal X-ray
picture wil} show evidence of serious disease withw a sumilar time hmit,
and I do not think that this latter group removed from exposure will
progress to a degree which will cause mcapacttation

Discussion

PHILIP C FRATT, M D.*

You have already learned how this problem came to our attention for
expersmental study so in the interest of brevity I will not go into the
history of the work It may be well, however, to present a few Mus-
trations of the nature of the lesions present m the lungs of one of the
victims of this disease The gross sectians of lung are particularly wmstruc-
twe (see figs, 189, 190, 191, and 192)

In our expermental stucdies we have used two specimens of dust
obtamed from one of the plants where these cases have been obsened,
The Brst sample had been collected on a turnace platform and passed
through a 325-mesh sereen, The second was a sample of "fume” collected
from the air above a fumnace.

Study of the sample from the furnace platform revealed it to be com-
posed of particles ranging 10 size from 40 microns to the himit of visibility,
By chemical analysis 1t contained a total of 68 per cent stheon dioude,
Free crystallme stlica, however, determined by X-ray diffraction, com-
posed only about 09 per cent The rematwung 59 per cent of sthea was,
probably, 1 an amorphous form and may have been either free, or com-
bued with bases as a glass It has not been possible for us to deterrmne
accurately the amount of this silica which 35 1n a free form The major
consbituent of the dust was corundum, 50 per cent A vanety of mmor
constituents, includmg ferric oxde, 9 per cent, and htanmm oude, 4 per
cent, made up the remaming 43 per cent

This dust from the furnace platform was prepared for animal tests as
a 5% suspension n salme solution and was mjected mtratracheally w

* Pathologist, The Saranac Laboratory, Saranac Lake, New York
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aluminum oude present was crystalline, and, therefore, not combined
with the silica,

Third, >f the bulk of aluminum was uncombned, as assumed, and
1n view of the minor amount of other constituents of the fume, it appears
that there was an msufficient quantity of metallic elements to combine
with the siliea to form sihicates, so that a large proportion of the sifica
was probably free

This dust (the stack “fume”} was mjected mtratracheally mnto gumea
migs n the same manner as the first, and the ammals were followed by
sertal sacnficings at two, four, eight, and twelve months In the first two
sacrifices, there was nothing of very great sigmificance on gross esamna-
tion Microscopically, there were compact clumps of dust cells with a
shight fibrosss about the margms of the localized lesions, This was merely
a capsule, and was considered to be of no sigmficance At eight months,
the gross appearance was much the same, although microscopically
there did seem to be a defimte, though shight, progression of the fibrosis,
m the capsules of the lestons At twelve months, goss exammation re-
vealed fibrous adhesions on the pleural surfaces, and a long depressed
Linear pigmented scar runmng through an entiwe lobe Mrcroscopcally,
there was found m that area a band of delicate, duffuse fibrous tissue,
which, as Dr Riddell has said, closely resembles the fibrosts found
human cases

There was not a great deal of this fibrosis to be scen i the section
because the section ran across the linear band of fibrosis Thes fnding,
however, combined with the gross observation of defimte lesions, sug-
gests that a pretty defimte fibrosis had occurred

More comment should be made on this experiment, I think The lesion
15 remarkably ssmilar to the ones seen in human cases, but since 1t appar-
ently developed rather abruptly between eight and twclve months, we
may be dealing with some artefact The experiment 15 now being repeated
to see 1f these vesults can be reproduced

Further mterest in this matter 1s aroused by the observation made by
the electron-microscopust, who said that spectrographic analysis of the
lung residue from autopsied cases gave a very simlar pattern to that of
the stack fume ntself Thus from all pomnts of view, the stack fume is
werpminated as the agent causing this discase

(3N to specul g the rel

hup of the physical
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form of this dust to the Jesion producer. We have done experiments with
vitreous silica, an amorphous form we knew to be in the free state and
to be practically pure silica, This material produced ordmary, typical
sthicotic nodules. Thus, it appears that, if silica is at work in this disease,
1ts effect is greatly modified by the presence of other components of the
dust. The steps required to resolve this problem seem to involve evperi-
ments with pure preparations of vitreous silica and gamma alumina, both
alone and in known mixtures.



CHAPTER 31

Chemical Aspects of Shaver's Disease

C M JEPHCOTT, PHD,*

The specific lung changes which were desenibed by Dr Riddell occutred
only among those workmen who were exposed to the fume given off by
the electric furnaces n the manufacture of an alumna abrasne from
bauute and they did not occur among the workmen who were not so
exposed.

The method of producmng this artificral abrasive was discovered and
patented by Jacobs 1n 1900 and a tew years later the product was made
commercially on a small scale 1n the United States. It was not until 1914
that the first plant to produce this abrasive 1 Canada was built 1n the
Ntagara Penmsula m Ontario Later three similar plants were constructed
i the same distnict

The production of this alumina abrasive increased from 20,000 tons
1n 1933 to 86 000 tons m 1937, Due to the war demand, the output reached
a peak m 1943 of 190.000 tons At present, the rated capacity of the Cana-
dran plants 15 approxtmately 200,000 tons per annum

Calemned bauwte 1s the chief raw matenal used n the process To this
15 added a small amount of coke to reduce some of the oudes and also
some won or steel which acts as a purge to remove some of the undesir-
able impurities 1n the ore

Very little change occurred m the composition of either the coke or the
iron used during the pnst fe\v years and any varations which were noted
were not 4 The four comp obtamed their
bauute from a large deposit sitrated 1n the state of Arkansas, Representa-
tive samples of the bauute were collected from three of the plants and
analysed ch {ly and sp h ly. The

P phic analyses

C‘(Elhemlst, Industnal Hygiene Section, Ontanio Department of Health, Toronto,
anada
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showed the presence of some twenty-five different elements. The chemi-
cal analyses shiown in table LXXV indicate that between 1939 and 1943
only small vanations occurred 1 the composition of the bauvite ore used
At present, the mdushy is turning to South America for its source of
supply The South American bante contains a higher percentage of
alumina with a corsesponding lower pereentage of some of the major
impurities.

Tapte LXXY  CHEMICAL ANALYSES OF CALCINED ARKANSAS BAUXITES

Plant A Plams A Plamt B Plamt B PlantC  Plans C

1939 1944 193 1945 na 345
(per (et (per (per (per
cent) cent) cent) cent) cent) cent)
Loss on 1gmtion
(<1200C) 059 0120 015 083 038 135
Loss on sgmtion
(>120°C) 042 057 117 06l 1.87 182
810, 448 532 484 T2 716 535
ALO, 8073 8173 8517 7746 7919 79 66
TO, 32 328 365 405 347 410
Fe,0, 873 73% 331 894 655 643
ZeQ, 05! 068 039 030 031 032
Mo 035 03 0128 013 029 011
GO 027 015 015 017 0123 023
MgO 023 010 008 000 oot 000
N4, O+K0 038 oot 045 008 037 005
P,0, 011 024 016 021 017 038
Toral 10000 10000 100 00 100 00 100 00 100 00

The type of electne furnace used for the manufacture of this alumina
nbmswe’ has a capacity of about ten tons of mix, The furnace. is charged
witially with about a third of this amount and tl?e remamder is shovelled
m periodically when necessary The length of time taken to make a run
—from the time the furnace 1s charged imtially to the end of the [usnzn
time—is about one day Trrmg s e whe temgrnatne of the v

seaches about 2000° C ) . e tacad i

o i «cle. 'L he turnate vunUitgs wuse swsip
rnaces during the heatmg cy e
. D _, much use as possible of the

= " furnaces. In some cases,
; to direct the fume towards

0 provide natoral ventlation by

temperature y,. due to i
stacks have aver the .
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the opemng in the 10of. In a few mstances, the cfficiency of these stacks
has been increased by the installation of fans

Air samples were taken close to the electric furnaces and on the adja-
cent workmg platforms by means of a Bausch and Lomb dust counter,
a Greenburg Smith smpinger, an 1c precip, and & vacuum
cleaner.

Taete LXXVI  CHEMICAL ANALYSES OF ELECTRIC FLRNACE FULMES

Plant A Plant A Plane B Plans € Plant D
937 1945 1948 1948 1946
 (percent)  (per cear)  (per cenr) Cper cent)  (per cent)

Loss on 1gnttion

(<110°C) 068 041 035 047 065
Loss on igaition

(>110°C) 323 245 2196 215 393
$10s 4124 313 3011 2893 4400
ALO, 4160 56 43 5239 6215 4069
TO: 098 060 057 015 035
Fe.0s 368 383 440 250 303
ZrO: 017 020 007 008 009
MO 279 159 150 107 278
€0 000 006 015 015 010
MO 058 039 033 056 086
Na:0 045 050 226 084 in
KO 095 086 137 088 213
P.O. 0135 031 1> 022 038
Total 9970 9995 9663 100 2§ 100 11

The samples of fume collected at the four plants by means of the
vacuum cleaner were used to make a chemical, spectrographie, and Xeray
i3 analysis The d 2 of the particle size was made by
means of an election pe using 24,000 magmé The fume
conssts chiefly of amorphous matenal with the particles spheneal in
shape and rangmg i size from somewhat under one micron down to a
few hundredths of a micron The spectrographic amalyses showed the
presence of some twenty-five elements and the results of the chemical
analyses are reported in table LXXVI.

Dust counts were made on samples collccted by the Bausch and Lomb
dust counter and by the Greenburg Smuth impuger The aserage counts
w the four plants ranged from 11 to 300 million particles per culne foot
of air These differences are rather surprismg but 1t must be realized they
were done at varions times of the year and under different weather con-
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ditions. Furthermore, st must be pointed out that the particle size of the
fume was such that relatively few of the particles present could be scen
under a microscope. .

The samples of dust collected by means of the Greenburg Smith im-
pinger and the electrostatic precipitator were weighed, The average
weight of these dust samples collected in the four plants ranged from

Taste LXXVIL  cHEMICAL ANALYSES OF LUNG Asit

Case 8 Care 11 Care 17
J.F. HB RL
(per cent) (per cent) Cper cent)

Loss on igattion (<110°C ) 030 043 007
Loss on igmitton (>110°C.) 1.55 388 118
$10, 2480 3048 n18
ALO, 40 50 3036 2886
Ti0, 288 250 125
Fe,0, 510 400 592
210, 015 024 015
MnO 060 050 125
Ca0 144 250 380
MgO 069 070 02
Na,0 382 498 514
P.Os 1391 1250 2609
K0 369 551 376
SOs 058 081 032
cl 0.10 076 006
Total 10020 10013 100 zz
Less O for Cl 002 017 00]
Total 100 18 9996 10026

about 10 to 40 mg. per cubic meter of air for the samples taken with the
mmpinger and from about 12 to 100 mg. per cubic meter for samples taken
with the precipitator,

Lung tgsucp\vas obtained at autopsy from workmen who had b;:cn
exposed to the fume for periods of three to five years. For spcctmgra[; . ,
chemical, and X-ray diffraction analysis, the lung ash was obtamz‘; thi
heating the lung tissue at moderate temperature. "I'he rcﬂ;ltsfn i
spectrographic analyses were very similar to those glve.n by the furn e
fumes and, as would be expected, all elements present in the fume w. o
present also i the lung ash., The X-ray diffraction analyses ‘;er?;icd
parable to those of the furnace fumes in so far as they both sl
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considerable amorphous material as well as the presence of alpha and
gamma afumina,

The results of the chemical analyses are shown 1 table LXXVIL It is
evident that the samples of Jung ash are charactenzed by their lugh
percentage of alumna and sihca as well as by the presence of other
constituents 1n amounts not usually occurring 1n the lung tissue.

It was thought that the mhalaton of alumina and sihea mught be

panied by an excess of these two Spot sam-
ples of unne were collected from exposed workmen and from members
of our lat y stafl. The of ah was found to vary

within wide himits even m the unexposed indwiduals and there seemed
to be no sigmficant difference, on the average, in the amounts found in
the urine of the exposed and unexposed groups. The unnary excretion
of silica varied also within wide limits but, on the average, the excretion
of silica in the exposed group was greater than in the unexposed group
This difference mght be caused by some other factor than the mhalation
of silca

Experiments on the solubility of the fume are in progress but are not
sufficiently complete to report at this time,

Discussion

GORDON R FINLAY, PH D *

Supplementary to what Dr. Jepheott has told you, T should like to add
a few details of the process, The furnaces (8g. 193) employed for fusing
bauxite amount to steel pots which are water cooled on the outside. These
furnaces are thermally self-insulated, that is, msulated by a layer of
unfused bauwte, except that they do have a refractory bottom, In con-
sequence of this insulation, the moften bath 15 always in contact with
unfused material and this fixes the operating temperature of the fur~
nace m the same manner as the temperature of an 1ce and water bath is
Bred

The furnace operates as a b of are and The
electrades are made of carbon and dip snto the bath to form a completed
airewt which conststs of an arc from the electrode to the bath, a current

* Research Depistment, Norton Company, Nugara Falb, Canada
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thraugh the bath 1tself and an arc from the bath to the electrode agamn
Usually, there are two electrodes to a furnace but some are operated
on three-phase current using three clectrodes, In operation the arcs are
usuafly covered by unfused mixture,

The fumaces are fed with bausite ore (low sihea grade)} which is
calemed and crushed to %anch and finer. Wath the hausite ore it is cus-

Fic. 193  Schematic drawing of  Fic. 194, Electron photomicro-

fumace for fusing bauute, graph of fumes from fornace fusing
bauute,
tomary to mix 1ron turnings and metallurgical coke screenings. The coke
acts as a reducing agent which lowers the silica, iron, and titania cont?nls
of the ore by reducing the various oudes to the metallic state, The fron
turnings are added as a purge so that the net effect is a sort of upside
down metallurgy in which the slag 1s recovered as the product, while
the metal phase is the by-product

The mixture 15 fed to the furnaces by a man using a shovel. Naturaily,
he comes in fairly close contact with the fumes produced by d}e furnace.
Also exposed to these fumes are the crane operators who work in & cmr;l:
way above the furnace level or close to it and in some cases the men wi
end the storage bins which contain the mix
‘ Dr. ]ephcoltg has already described for you the nature of the f;ln;‘ei:
but I should like to emphasize again some of the upusual features o ;},e
exposure. Actually, the workmen encounter both dust and fumes,
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dust consisting largely of the fines from the bauate and other constituents
of the mixture and bemng almost entirely coarser than five mcrons. The
fumes are produced from the furnace and are almost entirely finer than
ane micton m size, Numerous variatrons {n exposure have been observed.
These vary with the weather ditfons and the 1 duti

as well as with the scale of operations, The temp the humidity,

3
i
e
Dust

£ Fumes (ouxte fines)
% o castims

coarnr parecion
H o shorma
1 Il ri Iy 1
oot 0 oo

10
PARTICLE SIZE (N MICRONS

Fio, 185 Purticle size of dust and fume in the neighborhood of furnaces
fusing baunste,

the season, the wind direction ran, the operation of the fans, stray cur-
tents, and many other factors mfluence the concentration of the fumes

1t should be stressed agam that there 35 no satisfactory method for
mensuting this exposare, nor are there auy standards for mterpreting
such figures as may be obtamed As shown by the electron photomiero-
grapbs (8g 194), 1t 15 certain that 2 large and probably vanable propor-
tion of the fumes lies in the size range which cannot be counted by any
of the standard methods We have, nesertheless, made some attempts
to measure the fume concentration (fig 193}, using the Owens Jet
apparatus and counting the deposit obtaned at a magnification of 500,
By tlus means we have obtamed counts showing fume concentrations
rangwg from 20 mithon to 1200 mulhon particles per cubic foot of air
QOccaswnal samples which were too dense to count must have exceeded
the upper fevef aited It should be ponted out, howeser, that even these
hiugh vataes do not mdicate 2 hagh wewght concentration of materal, 1
believe that Dr Jepheott's figures as taken with the MS A electrastatic
precipitator represent the most acenrate valves for the weight concentra-
tion of the fumes
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As shown in the electron photomicrograph, the fume particles are
spherical in form and range downward in size from cue micron. For the
medical people, T should Iike to stress that these patticles are smaller
than bacteria and will not show up in tissue sections studied by ordinary
techmes.,

All studhies to date have indicated that these fumes are traly amorphous
The chemical constitution indicates that they contain both alumna and
silica as major constituents which would seem to show that we are deal-
mng here with a glasshke alumina-silicn mixture. There is some evidence
that the silica may be concentrated in the fines or that at Jeast the fines
are ncher in silica. If thas is the case, it would explua Dr. Jepheott's
results on the samples collected by the electrostatic precip ‘This
instrament is beheved to be more efficient than the impinger in coliechng
the fine particles. In at least two plants the samples collected jn the
electrostatic precipitator were much higher in silica than the samples
collected at the same times and places, respectively, with the impinger.

The amorphous alumina or alumina-silica glass which is found m these
fumes has not previously been encountered elsewhere. The burning of
aluminum metal in air or oxygen gives a product which is identufiable as

gamma alumina,

Three possible modes of ongin of the fumes may be considered, as
follows:

1. They may be produced by direct volahlization of the mix atvﬂzc
temperature of the arc, that is, in the neighborhood of 4000° C This is
the most likely source,

2. They may arise from the vapor of the bath itself which Is at approv-
mately 2000° C. Tt would be expected that silica would have an appreci-
able vapor pressure over tns bath but very little alumina would be
evolved by such a mechanism .

3. By reduction of the oxides to the metals (the carbon present acting
as a reducing agent) and subsequent reotidation of the metal vapors.

None of these three possible mechanisms for the production of {umes
fits too well wth the observed facts Sumilar fumes are encountered in she
operation of silicon and ferro-sihicon furnaces and also in the practice
of arc welding.

A sample ofg lung ash taken from one of these cases shawedhthc S;\):‘:f
analysis as did the fumes, if the sodium, potassium and phosphates
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mally present mn lung ash were subtracted A sample of lung tissue was
ashed with 30% hydrogen perouide An electron photomicrograph taken
through the courtesy of the Aluminum Company showed that this lung
ash contained the same sort of spheres showing the same properties as
those onginally present m the furnace fume This we consider to be
proof that particles of the fume as fine as 0 02 microns in size were actu-
ally deposited in the Jung

1 should like at this tme to pay a tribute to the medical people for
ther discovery of this disease. Dr. Shaver and Dr. A, G. Strang encoun-
tered it mdependently Each of them, on the basis of a single case, was
prepared to say that this disease was something new and different. It is
perhaps fortunate that the industry was concentrated in such a small area
that they were able to compare notes Otherwise, the significance of this
exposure might readily have been overloohed.

1 have been struck m reviewing the data on these cases with the fact
that practically nothing is known about the metabolism of exther sihea
or alumina
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Summary

THEODORE F. HATCH®

We may summanze the present discussion of the etiology of Shaver's
disease 1 a few broad statements

1 The disease is cleatly of occupational origin, as evidenced by the
high inexdence 1 a relatively small group of workers within the synthetic
abrasive industry who are exposed to the fumes from the electric furnaces
used i the production of fused alumma, The specific mfluence of the
fume 15 indicated by the apparent absence of the disease among other
workers 1n the industry, who have some dust exposure from the original
batch materials and from the crushmg of the fused product, but httle, 1f
any, fume exposure

2 The fume 15 nich in alumina and silica, both apparently mn the free
state The percentage of silica 1n the fume 1s six to ten times ugher than
in the unfired batch, with a cor dingly lower p ge of alumma

3 The fume 1s charactenized by its small particle size—generally
smaller than 0 5 micron and extending down to about 0 02 micron

4 The specific causative agent within the fume has not been rdentified.

5 Compared with silicosis, Shaver’s disease may develop in a remark-
ably short time, resultng m profound pulmonary damage and even death
in as many months as it takes years to produce advanced sihcosss.

6 The sudden appearance of the disease m high waidence during the
war has not been fully explaned. No significant change in process or
method of operation was discovered as a common factor in all of the
plants m the mdustry, Presumably, the disease sesulted from the increase
1n fume tion p g ngher production 1t is of interest,
however, that the fume concentration duning the war peniod was not

“  spectacularly higher than the prewar level, judging from limted data
ttsbusgh, Pennsyh ania
B

® Research Director, Industrial Hygiene Foundation, Pi
498
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It 15 evident that systematic research is needed to provide an adequate
explanation of the etiology of Shaver's disease. In the meantime, however,
the industry 1s taking active steps to collect the fumes and so remove the
causative agent from the mdustry, Although there are certain mechanical
ifficulties, ventilation 1s expected to reduce the fume concentration well
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Fic 196 Retention of whaled dust particles relahon between per-
centage retuned and particle size

below the prewar level This action recognizes the immediate practical
problem but does not reduce the need for contianed research unty} the
etiology of the disease is fully evplamed

Interest m Shaver's disease extends far beyond the synthetic abrasive
wdustry since certan implications which must be drawn from this exper-
ence are at varance with present views in respect to the action of par-
ticulate matter 1w the sespiratory sy stem

Of ding fi 1 the ly fine size of the fume par-
ticles {002 to 0.5 microns) Tleretofore, particles of tlis size have been
commonly regarded as having httle sigmficance m the development of
pulmonary fibross, the argument heing that such particles are not re-
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tained in the lungs 1o any significant extent, Retention of fine particles
in the over-all respiratory system is, indeed, Jow compared with the
Tetention of relatively coarse particles, as shown by the accompanying
curve {fig 196) from Van Wijk and Patterson.** This curve, however,
does not distinguish between alveolar deposition and retention in the
upper fespiratory tract, the latter being of no interest in respect to the
development of fibrosis. Furthermore, it can be said at ance that the high
percentage retention exhubited by the Jarger particles necessanfy means
that many of them ate deposited in the upper partion of the respiratory
system. This follows from the fact that alveolar retention can never
exceed the percentage of inhaled air which penetrates to the lung depths
(approuimately two-thirds) Based upon this reasoning, we have cal-
culated elsewhere?™* that alveolar retention of 5 micron particles 1s less
than 5 per cent, compared with the 95 per cent over-all retention shown
by the Van Wijk-Patterson curve. Continuing the calculations to smaller
particles, a curve was constructed for alveolar retention in refation to

sice. This 15 also shown sn the figure. Although based upon over-simplified
caleulations, this curve suggests that alveolar retention of particles below

0 S-maneron size 15 as great as for larger particles, thus opposing the earher

reasoning m respect to the significant role of fine particles, The Van

Wigk-Patterson curve does not extend below 025 micron because of

Timatations in microscopy. It can be successfullly argued, however, that

for smaller particles, alveolar retention will reach 2 mimmum and then
infl of B fan motion,

increase again because of the ¢
ultimately approaching the retention of a soluble vapor (a;apm“mdt?‘y
66 per cent) Thus, m the present case, with an average particle siee
m the fume of about 0.1 micron, the amount deposited in the alveoli
may very well be higher than the mimmum indicated by the curve.

The rapidity with which Shaver's disease develops is another feature
4 1 months rather than 0

of dmg nterest. Exp are exp
) et is undoubtedly
years, as m silicosss, Agam, the fineness of the ancles is un
the influencing factor, in d: with lat y studies which have
e th de-

shown that the sapidity with which fibrosis develops mcreases with €&
creasing size. In Shaver’s disease one sees generahzed pulmonaty Rbrosis
without the siheotic nodules which are regarded as the essential and
unigue pathologic feature of sificosis. Does i neccss.?rily [o)law,] nsoz
consequence, that silica is not the damaging agent? Is it nat possible,
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the contrary, that we are seeing here a different mamfestation of damage
by silica, resultmg from its unusually fine size and consequent rapidity
of action® Present thinking i respect to silicosis comes largely from and
15, perhaps, limited by the experience with the disease m a few specific
dusty trades—hard rock muimng, gramte cutting, and the like—in which
helming amount of relatively coarse particles
Should silica prove to be the causative agent in Shaver’s disease some
sigmficant revisions n our views would necessanly follow. It would, for
example, mvolve new methods of analysis,

Dr. Jepheott has pomnted out that the standard methods of dust sam-
phing and analysis are of httle value when dealng with submcroscopic
pasticles The electron microscope has to be substituted for the optical
microscope Concentrations must be reported in terms of weight instead
of count, Vartatson 1n composition with patticle size, degree of flocculas
tion of the fume, and other physxc:\l and chemical characteristics need
careful study. The X-ray d i and pe become
essentual tools, New raethods of samplmg are req\ure(\ in order to apply
these analytical techmques usefully,

the dust contains an over

Discussion

pr A R surm I owould Tike some speculation, preferably from Dr.
Tuddell, as to why, m the event this disease may be due to silica fume,
the presence of the alumina fume may not act as a pratective device as
1t does where the two dusts are present?

or wooELL T cannot answer that Perhaps Dr Dudley Trwin might be
able to do sa

or mwin  In order to render sihca msoluble by means of alumina, it
1s necessary to have a source of alumma that readily takes on water and
becomes adsorbed to the surfaces of the sihea particles, This type of
alumnina 1s not the type that takes on water and becomes adsorbed to the
surface of sihica particles

M oursan  Is there any relation between the temperature of the fur-
mnace and the free silica concentration in the furnace fume? Would the

pereentage of free sifica in the fume be increased if the fumace tempera-
wre were raised®
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DR 1RWIN:  The temperature of the furnace is fixed within reasonable
limits, like melting ice m water which remains close to zero. In the
furnace molten bauxite is in contact with solid bauvite, so the tempera-
ture of the mrx is bly . If the temp of the furnace
were raised, a higher percentage of the siliceous material would probably
volatilize n the form of silica fume

R vorwarp'  The Saranac Lab y is engaged with hes con-
cerning the pulmonary damage resulting from the mhalation of very fine
particles of a variety of dusts. The particles range from 1 to 0002 micron
in size. At the present time, 1t appears that dusts containing particles of
free silica less than 1 micron in size are capable of producing a diffuse
pul y fibrosis characterized by marked thickenmng of the alseolar
walls and distortion of the alveolar spaces usually emphysematous in
type It s evident that particles of free silica, even in the ultramicroscopic
range, are retmned in the lung and produce profound pulmonary damage
The lower himits of that range have not been established. In this respect
1t is pertinent to nquire whether all active dusts inhaled from the atmos-
phere will be retained in the lung and produce damage of greater inten-
sity as the particle size decreases What role the temperature, humidity,
and recent fracturing of the dust, and also its piezoelectrie property.
might play in such damage 1s also debatable.

MR Haten There s still a great deal to be learned about the retention of
partrcles in the immediate zone of 025 micron, For still smaller particles,
of the order of hundredths of a micron, may actually jnerease
because of Brownian motion, and thus approach the behavior of 2 highty
soluble vapor which 1s retamed to the mavimum extent permitted by the
ratio of alveolar to total tidal air.

pr BRODKIN: Have you been able to prevent these Pneumnl]wm

ces

from recurring?

DR suavER, We haven't been able to do a thing with the pneumoﬂw
races In those cases having a marked fibrosts of the lungs, we were not
able to obtain any re-expansion of the lung by frequent swithdrawal of ain
pr. FvcAy 1 would like to add to what Mr Hatch has sm(? Wwe do
have evidence that particles smaller than a quarter of a micron 8r¢
retained in the lung, One of the samples of fung ash sent to Smmlf
d hy electron mi py and these sma

was subsequently T



Shaver’s Disease, Summary 503
round particles were found there, apparently unchanged in the Iung ash
They were stll in the same shape and were below a quarter of a micron
m size,
bR mwiN. 1 mght mention an exposure to this type of bauvite before
st yeaches the abrasive plants The mmng and crushing of this bauute
is attended with practically no dust exposure due to the presence of
inherent mowsture After the bawate 15 erushed, 1t is put through 2 drymg
kiln and subsequently loaded in railroad cars. This operation produces
considerable dust

When I first saw this exposure, 1 was apprehensive about the men who
worked on this job These men were examned clinieally and films of the
chest were made No evid of lung pathology was found attnbutabl
to this dust exposure One worker, so exammned, had been exposed for
twenty-three years.

o siaver, That concurs wath our studies on the men that unload the
cars,
pR vAvorosTraxD:  Has there been anything sigmficant regarding dia-
phragm activity?
b suavEr  The daphragm actty 1s very limited
or vospunclt  Is there any chance of feeding those furnaces mechan-
ically, and 15 there any chance that those round droplets shown by the
electron microscope are sumply a mixture of different sized aerosols?
bR sIxtay It s quite possible that the fumnaces can be fed mechan-
scally, and I think the industry 1 approaching that

However, the present capital mvestment 15 tied up m hand-feeding,
and 1t may be some httle tume before that can be changed over. Also,
whenever you change one of these arc processes over to a mechanical
process, you will ron into trouble 1 suspect #t will take some time to run
out the “bugs”

And the other question was what?

DR \OSWURCH  As ta the possibility of those round droplets shown by
the electron microscope being simply a misture of different sized aerosols,
or percotT. ok that the small spheneal particles, as shown m the
electron microscope photograph, consist chiefly of a muture of very fine
amorphiovs alumma and silica particles of varying size
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CHAPTER 33

Introduction

THEODORE C WATERS®

On your behalf and my own, I would like to express to Doctor Vorwald,
Doctor Packard, and Mr Bowditch, together with other officials of the
staff of the Saranac Laboratory, our thanks for the pnivilege of participat-
g 1n this meeting The Saranac Laboratory occupies a unique position
1 the feld of ndustrial hygiene 1 think 1t 15 fair to say that the ac-
tivities and work of the Laboratoty as conducted by Dr Gardner, Dr
Vorwald, and therr associates, have emjoyed the full confidence, respect,
and cooperation of all persons mterested mn or concerned with health
problems in industry During the past when many of us have been per-
plexed with some new problem m the field of occupational diseases, our
eyes have turned to the Laboratory and we have sought their counsel
and advice That counsel has been of the best that was cbtainable . . .

1 1 - 1 Tousl

in 1ts nature, honest m 1ts opimon,
gwenn lhc hope that working conditions may be improved for the pro-
tection and welfare of those subjected to the hazards of industnal ex-
posutes

Today we meet to discuss current viewpoints m matters of cﬂmpcnsa»
tion, with particular ref to pul y and other
diseases Mr Bowditch 1s to be congratulated upon the program that he
has prepared 1 happen to know something about lus cfforts sn the com-
pletion of that program, and 1t has indeed been a real tash We are most
fortunate in having present representative speakers to discuss the various
viewpoints insolsed in workmen's compensation 1 feel certain that all of
us will not bie i agreement, that views will be expressed to which we
cannot subseribe, but T know that each of us desires those with whom
we may disagree to have the opportumity to express thewr views and that

* Mullikin, Stockbradge and Waters, Baltmare, Manyland
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none of us will have any hesitancy in expressing our own cnticism of
those views,

Our commissioners administering the worhmen's compensation Jaws
in the different states are confronted with many problems. The role of
these admimstratoss is not an easy one. The basic purpose of the com-
pensation acts is to award compensation for those who suffer disabling
njunes arising out of and in the conrse of employment, In the eld of
oceupational diseascs many perplexing questions anse in the administra-
tion of these laws, and many of these problems will be discussed here
today. Suffice it to say that we have not found the answer to all of the
questions presented in the framing of occupational disease Jegistabon,
nor have we found all the answers in with the administrati
of these laws. I hope and expect that the current session will make 2

1

bution to our knowledge and experi in this feld.
sl less bills

tunl

Dunng the sessions of our respective state leg)
proposing to amend or re-enact provisions of the workmen's compensa-
tion laws are dropped imto the hopper of the various state assemblies.
It 1s probably fair to say that thraughout the country and m the federal
congress thausands of such bills are introduced, YWe must bear in mind
that the compensation acts themselves are of relatvely recent enactment
All of the states except Mussissippi now have workmen's compensatien
acts, and under the laws of thirty-nine states,® the Distnet of Columbia,
and the Terntories of Hawau and Puerto Rico, as of May 1947, occupt

tional diseases were campensable, In the remaimng states where no pro-
1 disease P the injored
inst

vision 18 made for gt
emplayee may or may not have the nght of common law action aga
his employer for such muries, We find that in the lurge mdustrial smE;
the madter of P 1 disease p has tecewved cnref?
attention, that the ariginal laws have been amended and xmpwvnif xf:
the hight of experience of admmistration. None of these laws is per! t;)‘e
nor ts thewr administration perfect, but they have and should serve :)13
purpose for which they were desigoed, that is, o provide reas::; :
compensation for victuns of potential mdustrial hazasds that produd
Lk b en THasbls Cecrgity

. fugan,

N . Jevic0,

) ) ttd,

) ' 5, an
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disability or death, Prior to the enactment of these statutes, the mjured
employee was limited to a nght to common law action agamnst his em-

ployer, based upon neghgence, and in that p d ployers could
raise the common law defenses of: (1) assumption of nish, (2) plambf's

butory } or (3) g of the plamtffs feflow
servants,

Tn common Jaw actions 1ssues were tried before junes, and procedure
was subject to the intricate techmealities and delays under that system,
Socsety came to recogmize the sooal need for some system of law that
would 1mpose upon the emplayer the obligation of msuring the health
and safety of s employees, granting to the employee compensation for
injuries sustamed and wages lost ivespective of the fact of neghgence
of the employer By the compensation acts the leral habihty of the
employer has changed from that imposed by common law to that of an
insurer, and the p acts p be schedules of
for the varous types of mjunes, \vﬂh a himtation of moncmry labality
upon the employer for his obhgations Generally speaking, the laws so
enacted have been ad d f, ly As dence of that fact,
1 know of no itelhigent effort m any of the states to cffect repeal of the
compensation acts They are part and parcel of social legislation, essen-
tul for the conduct of our mdustnal activities, and while some of the

laws may have defects, 1 heheve that therr pdmimstration has proven
benchcal

not only to the employees, but also to employ




CHAPTER 34

The Industrial Medical Practitioner's Point of View

LEMUEL C., McGEE, M.D.°

A sympostum on workmen’s compensation for occupational disease risks
a variety and dispanty of observations equal to the descrtptions of an
elephant given by three blind men 1 an ancient fable, What I shall have
to say on this subject is unquestionably conditioned by my own particular
expenence. This is the view not of the physician in industry but the view
of @ physician in industry. I shall make no distunction between pulmonary
and other occupational disease.
It is not easy to define “occupational disease” clearly and satisfactonly
The term “occupational disease” is useful, however, for its etwologic con-
of pathologie or physiol changes in the body of a worker
due primanly to circumstances of occupation A term does not lose s
usefulness merely because of difficulties 1n defimtion. The physiclan

diagnosing so a disease as p peatedly faces
where he has difficulty in saying where hyperemia, atelectasts, pneumo-
nits, and other morbid states of the lung end and pnevmonia begns
Yet for purposes of diagnosis and treatment “pneumonia” is a useful term.
imulacly, 1 der “ p 1 disease” an adequate concept.

Occupational disease recenes compensation consideration in our van-
ous states at present through one of four categores.

1 Broad coverage for all occupational diseases

2 Coverage for a specific list of occupational diseases
3 Coverage of some occupational diseases through a Lberal, and

possibly prostituted, definition of the term “mjury” as 1t appears

m the statutes dealing with industral aceidents

4 No consideration at all

© Medical Director, Hercules Powder Compuny, Wilmington, Del rware
510
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It 1s my opinion that an all-nclusi d of occup 1
disease for compensation 15 the proper goal Actually, we have seen in
the past few years a tendency for the vanous states to move upward
from category 4 to category 8, and 50 on m the above lst. Why have
many men who are experienced 1 the admmmstration of our existing
compensation laws opposed the adoption of the theoretically desirable
broad coverage law for occupational disease? I think they fear an exten-
sion of senous difficulties, yes, even improprieties, m the admintstration
of existing compensation laws, and they fear that broad coverage laws
will be 1nterpreted to offer a Lumtless system of compensation agamst

all ailments of mankind and infirmities of old age at industry’s expense.
If the latter situation ensues, the statutes will fail i thewr purpose of

g the the g and the p of true
occupatmnal disease In this matter we touch the broader field of the
economic and physical welfare of a society of men who have, after all,
a limited span of hfe Should not workmen’s compensation as such Lt

stself to njury and disease ansing from and beeause of the workman's
occupation, and leave to the broader cousideration of the nation’s health
such matters as msurance for sichness and the better application to all
the nation’s ertrzens of p e and theray t of medical
Knowledge?

The pertment 1ssue to the physican 1s not what the compensation
statute promuses but what the admunstrative system for the statute actually
delivers 1t1s my observation that m general both mdustrial management
and msurance carners reachly accept thewr responsibihty m the clear-cut
compensation claim It 1s 1 uncertan situations or m mstances of bad
fasth on the part of one or both parties that the state compensation com-
nussioner must imtervene Those who stand to profit, under the contingent
fee Ius dilficulties by p 7 workers to over-
estimate the value of therr legal nght to court commversv n compensa-
tion cases In addition, physicrans wha testify are to blame repeatedly
for a confused commissioner and an rrrational decision. The admimistra-
tve officer 15 con, d too often by conficting and prejudiced

husi 1 d by physician rehmed by opposing sules The
latter defect lns been cmmmed repeatedly and has led m many pro-
posals mmed at its correction The better known of these suggrestions
are. (1) the appomtment of a medical arbiter for each state or board,
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{2) the creation of a board of physicians to deliver a purely medcal
report to guide the commussion, (3} the formation of a state occupational
disease institute to investigate all occupational diseases and to make
facts available whenever wanted, and {4} a board of censors composed
of physicians whose function it is to investigate instances of perjury or
grossty stogical and untenable medical testimony and report its fudmgs
to state examming boards for action under the lutter's medical licensing
PO“‘(’r .

I am in sympathy with the aims and sce ment in some of those pro-
posals. I am not sure, however, they wall accomplish what they are set
forth to do. They unply some degree of supererogation of the responsi-
bilities resting 1n a compensation commission and tend to make a judge
of the physician Will such suggested superstructures on the compensa-
tion commission do more than divide authority, weaken responsibiity,
transfer an admimstrative headache ta a new agency and result in fucther
delaying decistons? Do not such suggestions smack at least of an un-
democratie, if not an illegal, procedure by limting a claimant’s rebutta)
nights on questions of fact? I am not of the opinion that I and other

bers of my have the 1y bility necessary to prevent
some arbitrary and perhaps wholly nlogical deeisions even under the
more promising of the proposals whcreb)' medical decisions are Phced
by edict entirely 11 medical hands. In my experience commissioners oW
are glad enough to Jeave medical matters in the physicians” hands. Thb
commusstoners do groan and become confused by the variety of authorita-
tive medical optnions thrown back at them here and there, Would t‘n'Dugh
be gamed to justify the methods suggested-—methods which are designed
to separate the medical wheat from the chaff—methods which, itis hoped,
would get facts on disease and wjury, thewr cause and extent, clearly
before the commssion®

It 3s my view that far too many compepsation decisions have been
incorrect on the basis of fact when occupational disease was made Pﬂﬁ
of the question. We shauld strve to 1ncrease the pubhc confidence in
the admimstration of existing systems of compensation by better per-
formance Then broad coverage of truly occupational disease will ke
more acceptable to all parties involved

Why am I concerned with these dec
ilfogical and unjust? Am I troubled for the sake

istons which to the physician are
of mdustry® Not at all
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Such items are nconsequential n the total cost of pmduc\lon and, what-
ever the cost, 1t 15 of necessity ul 1y absorbed by the of
the industrial product, Am I concerned for the sahe of the nsurance
camer offering compensation corerage? By no means, The premmm rate
15 adjusted at switable intervals on the hasis of expenence by the nsur-
ance company.

1 am concerned by the wrong done to the clamant who recenes an
unjustified award and by the wrong done to his feflow workers The
physician in mdustry finds that wreparable barm can and has been dove
to the man who at fisst glance seems merely to have recesved a windfall
through an improper award The harm may develop 1 several ways
The affirmation of a disabality which does not exist may lead to o
“whipped dog” attitude 1f not to a frank neurosis an the man One may
thereby stimulate his Just to get something for nothing Should he know
that his claim was not bona fide m that his disease was not ocenpational
m ongin, he sees in the awaid confirmation of the permicious doctrine,
now too prevalent w our generation, that a shrewd man can get along

without earming his way, that acqunng a good "racket” here and there
is the chief aim m modern e, Such a man is less a man, less a citizen,
and m turn more of a Kabihity in a democratic society The man's fellow
workers are not fooled, Some look the facts over and conclude that they
o0 may as well fabricate a claim to obtam some of the financial “gravy”
that 15 being handed out. The fundamentally honest worker looks at the
award and ashs himself 1f genume effort to he worthy of s hure 35
thwhile, The unjust compensabion decision gaves him good reason to
question the necesaty for honesty in human affairs The morale of the
industrial orgamzation gets a body blow
The physician w idustry lives with these resnlts and bnows them well
The physicran sees his fellawmen more mtimately than do many others
We should hike our felfow citizens to remember one stubborn fact That
15, the finest and most 1deal plans for social and economic betterment not
only will fall short of their mms but may bring on disster of these plans
are got wiscly admni 1 under a whal deration for the
tme nature of man. for Ius weaknesses as well as lus virtues
Can the ends of justiee be served without radieal changes mn the
admmistrative setup® 1 thunk they can How can this be done® To begin
with, the education and traimag of the physician must better acquaint
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him with Ius role in supplying testimony in compensation claims The
medical schools are gradually increasing their attention to the teaching
of mdustrial medicme Some of us would Like to see this emphasis 1
medical education pushed with greater vigor, Even so, progress is being
made Physicians should be expected to reach and justify one of three
conclusions on the subject of the relationship of a given 1llness to occu-
pation. The possible conclusions are: (1) that the illness beyond reason-
able doubt resulted from occupation, (2) that the illness beyond reason-
able doubt did not result from occupation; or (3) that one has not
sufficient knowledge to justify an opimon on the cause of the disease.
Sometimes sufficient knowledge does not exist to justify a medical decision
on the mfluence of occupation, if any, mn anllness The cases in the latter
category should be recognized as such but I shall not comment here on
their disposition 1 am concerned rather with the case where sufficient
knowledge on the cause of disease is available to mark it cleatly as non-
occupational 1n origin yet wherein an award is given to the clamant.
It seems to me that compensation commissioners cannot avoid the
sesponsibility of testing the probity of testimony which they recewve Were
I to set out to find a man who believes that the earth is flat Tam sure [
could find him My securing him for testimony does not mean that a
commissioner should decide the nature of the earth's surface on such
evidence I know of no scheme which will wholly present the introduc-
tion of incorrect testimony. The commissioner must exercise judicial dis-

) . wk
crehon in evaluating evidence—there is no other way, If his own kno
I
there are peachable sources of on to

edge is not
aid hum of he will seek out these sources

In evaluating testimony is 1t not useful to hnow which of the \vit'neSSES
have studied the industrial environment 1 question? Does 2 disease-
provoking hazard actually exist® Does the expert witness, who may be ﬂ
medical college professor cloistered i a university hospital, k'rmw ar;);
thing about the plant? The assumption that the industrial phys:cmdn \Vlth
spends at least part of his days with the industrial npc'mhan an :\ivn
the workers 15 1pso facto a prejudiced witness is a pernicious assumpl nmf
The industrial physician may have been the one who was mstrurf:’d“s-
origially in bringing the case before the commussion! In mydo‘;'nbl .
trial experience I find that there are more workers I have a(l;l‘ fd ‘h}; th'
tecting them from an industrial hazard and by recommending
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dividual workers deserve consideration for compensation than there are
workers with shiose claim for such consideration 1 conld not agree. This
15 undoubtedly the situation with other physicans m mdustry,

The relationship of trauma to disease 15 often a stumblmg bloch in
compensation hearings. It is to be remembered that trauma may be
related to disease in several ways,

1 Inpury may be the dieect cause of disease (e g, a puncture wound
leading to tetanus)

2. Injury may precipitate symptoms of latent discase {e.g, gangrenc
following 2 blow to a foot affected with arteriosclerosis, as in
diabetes mellitus),

3, Inury may accelerate a pre-evisting patholome condition {eg,
vancose uleers)

4, Inpury may direct the attention of the patient and of the phy sicun
to disease already present and entiely unaffected by the trauma
(e g, 2 burn or brse on the shin of the breast directing attention
for the first tune to 2 tumor which had existed for some time
previonsly).

In the ongin of terms vsed 1n pathology a distinction was not always
made between expressions descnibing conditions resulting from trauma,
those resulting from disease, and those resulting from aging (degenera-
tion of tissues). Thus the term “nflammation” itself amphes no distinction
between tissue changes following bactena) infection and tissne changes
following trauma. The resulting confusion, while #t can be avoided,
creeps into compensation hearngs.

The tenuous legal concept of ageravation of a disease and mistaking
aggravation for merely unmasking of disease may gnve nse 1o cunous
and i d Was the tion by occupation a real or

merely an assumed affan® The occupational episade often simply con-

tnbutes to the recogmtion of eusting but unsuspected nonoecupational
disease, At plant “Y” 1n state “X” 1 have seen two illustrative claims,
Worker “A” while drilling as a plant guard m the hot sun sustamed an
attack of unconsciousness which led to hus death 1t was found at post-
mortem exammation that he had a lung cancer, the cells af which had
mosed through the blood stream to lus brain The cancer m the new loca-
tion (a metastasis) opened a blood vessel wineh i turn poured blood inte
the man’s brain brngmng, about unconsciousness and death The com-
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perform, I too have heen much concerned with the decisions of some
state mdustrial boards and commissions, particnlarly in cases of allogel
aggravation, This coneetn v prompted by the effect such unreasonable
decistans hase on the workmen themselves and on therr opportinuties for
cammg a living m thewr chosen oceupations,

Oue of the chief purposes of compensation legislation is to reduce
acerdents and to smprove environmental exposures which lead to acenpa-
tional mjuries and diseases. The foreword in the Wisconsin Compensa-
tion Law, enacted n 1911, gives this purpose: “To provide mens of
mimnuzing the mumber of aceidents in industrial pursuits.” In 1919,
occupational discases were added to the legislation for precisely the same
reason. Prevention was the goal, which we all agree has heen Jargely
achieved, as evidenced by the marked reduction of occupational dis-
cases and mpunies i states where such Jaws have been propery admm-
sstered,

However, when compensation boards have gone beyond the original
purposes of such legislation by ruling nnwarravted aggravation of pre-
existing disabulities and dlisenses, industry to protect itself has been forced
in many instances to adopt more ngid requirements on physical exami-
nations made before hirmg What should be a preplacement evamination
then be s a pr ployn ion and all prospects who are
not perfect physical specimens are rejected for almost any work, Organ-
ized labor, m turn, has protested against such oppressive examination
programs by forbidding physical examinations altogether. A vicious circle
thereby 15 set up. Prospeetive workers no longer can be placed at jobs
for which they are particularly suited considering thew handreaps, result-
g m more mjuries and m real aggravation of thewr pre-existing con-
ditions, with development of permanent chrome disease which usually
goes unrecognized untl it 15 too late for cure, The primasy purpose of

compensation has thus been defeated. i

Such a situation places the physician in industry in a sery pccu)m'r
position. From lus experience, he knows that persons with certain handi-
caps may be placed at certain johs with complete safety to themselyes
and thetr fellow workmen For example, he knows that persons with

arrested and healed tuberculons Jessons in their Jungs may s.|fd); be
| - - Ve Tty

. iy
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disease which has been proved to have an aggravating effect on pre-
existing tuberculosis
Yet, 1f the physician 15 unfortunate enough to be practicing 1n a state
where numerous other factors have been ruled as having an aggravating
effect on tuberculoss, he cannot possibly justify the certification of per-
sons with tuberculous scars for work where they are exposed to such
factors For instance, of heavy exertion, extremes of heat and cold, exces-
sive worry, exposure to gases and nonsihcwous fumes and dusts have been
held to be factors on tubercul he would be perfectly
stified m advising that any person with a tuberculous scar not be lired
for jobs having such exposures As every doctor knows, 1t 15 quite impos-
sihle to be certamn that a tuberculous scar 1s well healed and will never
reactivate, no matter how stable it appears on the X-ray film E\ en per~
sans with sedentary office jobs m d d raoms are
found to have a reactivated tuberculous lesion which had app(‘nrcd well
hmlcd The Metropohtan Lafe Insurance Co, which has one of the most
berculosis control along with ideal working con-
dmons for 1ts home office personm:l still finds an average of one new
fctive case per 1000 cach year
In Wisconsim, where we have had enlightened admunistration of the
Occupational Disease Law, we have allowed persons with arrested and
healed tubercnlous lesions to work at switable jobs, 1¢, at work which
15 known not to be a sificosts hazard Ex-patients who have been properly
rehabilitated are given such jobs just as readuly as are those with scars
who have not hiad climeally active discase Our sanatorium doctors have
not seen nny more recurrent cases than are seen 1o states where ex-
patients are routmely denied emplovment at all except sedentary jobs
Certain considerations, of conrse, are essenbal to such a program, the
most important of winch 15 proper medical supervision In plants with a
medical department, periodic check-ups and chest flms can be made
sathout diffieulty In smaller plants. a condition of employment must be
that the worker keep humself under the supervision of a (ualificd
phisieran and furmsh the emplager with separts of the penodic exam-
wations The fmportant consideration 1 o protect the other emplovees

agamnst contact with a reactnated worker with a positne sputum, neces-
sitating as early detection as possible nl any reactnation
Another result of the enligh d tion of our Occupational
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perform, I too have been much concerned with the decisions of some
state industrial boards and commissions, particularly in cases of alleged
aggravation. This concern s prompted by the effect such unreasonable
dectsions have on the workmen themselves and on theyr opportumties for
earning a hving in thar chosen occupations,

One of the chief purposes of compensation legislation is to reduce

id and to imp. env al exposurcs which lead to occupa-
tional injunies and diseases The foreword in the Wisconsir Compensa-
tion Law, enacted in 1911, gives this purpose. “To provde mepns of
minimizing the number of accidents in industrial pursmts” In 1819,
occupational diseases were added to the legislation for preeisely the same
reason. Prevention was the goal, which we all agree has been Targely
achieved, as evidenced by the marhed reduction of occupational dis-
eases and inpuries in states where such laws have been properly admm-
istered.

However, when compensation boards have gone beyond the ongmil
purposes of such legistation by ruling unwarranted aggravation of pre:
eusting disabilities and discases, industry to protect itself has been forced
. many mstances to adopt more ngid requirements on physical examr-

nations made before hiring What should be a preplacement evamnation
and all prospects who are

then L ap ploy [
not perfect physical specimens are rejected for almost any work Organ-
1zed labor, m turn, has protested against such oppressive examughon
p by forbidding physical e Itogether, A vicious curcle
thereby 15 set up. Prospective workers no longer can be placed at Jobs
for which they are particularly suited considering thetr handicaps, result-
ing in more mjuries and i real aggravation of their pre-evisting cnn:
ditions, with development of permanent chronic disease which umall}f
goes uurecognized unttd «f 15 too late for cure. The primary purpose O
compensation has thus been defeated.

Such a situation places the physician i industry in a very. pecu):iﬂf
position From his expersence, he knows that persons with certain hn)nv \s
caps may be placed at certain jobs with complete safety to themse \.ih
and their fellow workmen, For evample, he knows that persons wit
arrested and healed tuberculons lesions mn ther lungs may safelér b:
employed at most jobs not involving a significant evpos.ll‘re to ?lhca ursI
Ile knows from his experience and that of others that silicosis is the only
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disease which has been proved to have an aggravating effect on pre-
evsting tuberculoss,

Yet, 1f the phy 15 unfe enough to be y
where numerous other factors have been ruled as having an aggravating
effect on tuberculosis, he cannot possibly justify the certification of per-
sons with tuberculous scars for work where they are exposed to such
factors For instance, if heavy exertion, extremes of heat and cold, evees-
stve worry, exposure to gases and nonsilicious fumes and dusts have been
held to be g factors on tuberculosis, he would be perfectly
justified 1n adwising that any person with a tuberculous scar not be hared
for yobs having such exposures. As every doctor knows, 1t 15 quite umpns-
sible to be certam that a tuberculous scar 15 well healed and will never
reactivate, no matter how stable 1t appears on the Xray film Even per-

m a state

sans with sedentary office jobs i air-conditioned raoms occasiomally are
found to have a reactivated tuberculous lesion which had appeared weil
healed, The Metropohitan Life Insurance Co, which has one of the most

pl herculosis contral prog along with ideal workig con-
dlhons for its home office personnel stifl finds an average of one new
achive case per 1000 each year

In Wisconsin, where we have had enlightened administration of the
Oceupational Disease Law, we have allowed persons with arrested and
healed tuberculous lesions to work at smtable jobs, 1¢, at work which
15 known not to be a silicosis hazard Ex-patients wha have been properfy
rehabilitated are given such jobs just as readily as are those with scars
who lave not had climically active discase Our sanatorium doctors have
not seen any more recurrent cases than are seen n states where ex-
patients are routnely dented empl at all evcept sedentary jobs

Certain considerations, of course, are essential to such a program, the
most important of which 15 proper medical supervision In plants with a
medical department, periodic chech-ups and chest films can be made
without diffieulty In smaller plants, a condition of emplovment must be
that the worker heep humself under the supeninsion of 2 qualified
physician and furmish the employer with reports of the penodic exam-
mations The important consideration 1s to protect the other employees

against contact wath a reactivated worker with a positne sputum, ueecs-
sititmg as carhy detection as possible of any reactivation
Another result of the enlightened admmi of our Oceupational
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Disease Law is that we are Aeeping our early silicosis cases at work and
are allowing employment of prospective workers with early sihicosis in
wdustnes which caused their silicosis. As physicians experienced with
silicosis know, all persons with first and early second stages of the disease
are fully able to carry on at heavy physical labor without undue effort
As a result of such a program, we are not relegating to the scrap-heap a
lot of perfectly able workers. Furthermore, we are preventing the mental
imvalidism and neurosis which usually results from the rejection of all
workers whose X-ray films show anything abnormal. Our early siicotics
are for the most part a satisfied and appreciative group of workers whose
production is above the average. They are not developing fancied dis-
abilities and are not filing claims for compensation for their silicosis
without a real basis for such claims. Furthermore, in the majority of
cases thewr silicosis has not progressed. Also, in almost fifteen years of
periodic observation of from 400 to 500 workers with silicosis, we hnve
found relatively few cases of new tuberculosis superimposed on the
silicosis The majority of the silico-tuberculosis eases we have seen develop
have been reactivations of pre-existing tuberculous lesions

That this program was sound is shown by the continual decrease in
the numbers of stlicosis and silico-tuberculosis claims filed with our
Industrial Commission m the past ten to twelve years. There, of course,
are other causes for such reduction of claims, including a steady increase
in general employment during this period as well as the wise decisions
of our Commussion on uncomplicated silicosis cases. The fact that they
have ot ruled disability with uncomplicated discrete nodular cases has
discouraged much unjustified and unfortunate htigation Nevertheless,
we can safely say that our program of hiring sihcotics and keepmg them
at work at least has not resulted in an increase of claims for compensation

Such a program requires certain very definite conditions of employ-
ment, chief of which are these:

1. A safe place to work as far as the dust hazard is concerned. As
mereasing numbers of our dusty trades, especially small foundnes,
have brought their dust counts down to the 5,000,000 px :
per cu ft. range, more and more of them can be cl;\ssxﬁed. as Sfl €
places to work Plants which ean qualify for this classification
should not be held responsible for aggravation
acquired elsewhere, Unless this becomes recognize
boards 1n their decisions on individual cases, dusty trad

articles

of a silcosis
d by industrial
e em-
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ployers not only will refuse to employ workers with only traces of
silicosis, but m addition they will lose their mcentive to quabfy
for the safe plant classification.

. No evidence of tul i! m the prospect 3
silicosss, 1f the preplacement Xeray film shows any evidence of

©

yee with

a tuberculons focus in addition to the sihcosis, even though in.
active, we still advise nonemployment even in plants which we
consider safe. This appears somewhat mconsistent, yet it is en-
tirely sound on close study These are the cases which develop
nto a prog and disabl 1 bercul dless of
how Iittle further dust exposure they may have, However, since

we have no mformation on how low any additional exposure
must be to be considered nonaggravating with such cases, 1t is
safer to advise them to stay away from any further dust exposure
More frequent periodic examinations Where dusty trade plants
are examining all of their workers every two or three years, those
with silicosis should be examined and X-rayed at least once a
year This 15 necessary to detect any mcrease of the silicosis as
early as possible as well as to find any inespient tuberculous lesion
before it has progressed too far

The two examples T have given of the results of sound compensation
d can be

c

d by many others which time prevents
my mentionng All tend to prove the same thing, i e, that logical medsco-
legal decisions based on sound seientific analysis plus good common sense
thinking lead to d empl of handicapped persons and
therr better placement at switable jobs This in turn leads to more satisfied
and productive workers, better working conditions, and fewer occupa-
tional anjunies and discascs This, 1 am sure, 15 what the early framers of

compensation legislation had m mind as an ultinate goal

Further Discussion

OR, sarrnGroN. Tirst, [ want to congratulate Dr. McGee on a veny
excellent paper, not only well prepared, but well delivered. Also, I think
Dr. Sander has done pioneermg work in the State of Wisconsin, par-
ticulatly with respect to plictment of employees wath pulmonary disease,
an outstanding picce of work, for which he 1s to be congratulated.
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There are a great many phases of these subjects that Dr. McGee and
Dr. Sander both touched upon. One of the things that has always im-
pressed me in compensation hearngs is the tremendous mental handi-
cap that 1s wished upon a claimant when his attorney brings in medical
testimony to the effect that he is “permanently and totally disabled.” It
would seem to me that at such hearings there should be some metliod

whereby the clai is not subjected to the psychologic handicap of
being told repeatedly in the course of the hearing that he has no further
chance to be a preducing unit in the ity, a self-supp g citizen.

There are other discrepancies in these hearings, due to the system,
believe. But I'm sure that most medical men have been tremendously
embarrassed when, after having answered a long hypothetical question
on direct esamination, which is bad enough in itself, on cross examination
the attorney for the opposite side asks the medical witness to assume
exactly the oppostte posttion 1 regard to the things that he has already

d on direct evammation,

Now, as I say, this 15 part of a system. I don’t know what can be done
about it, but 1t scems to me that is one of the things that should be given
attention. I know that there are bodies, the International Associaten
of Industrral Accident Boards and Commussions, for example, that are
now working on procedure. One of the things that should be done s to
get a great deal more coordmation of effort between professional wit-
nesses and the admunistrators,

Me. watens. Thank you, doctor. May 1 ask Dr. Cranch of the Umott
Carbide and Carbon Corporation to say just a word.

pr cranent. I have very hittle I can offer that would be more concise
than what Dr. McGee presented. It was an excellent resumé,

There are just a couple of observations that might bear on the subject.
When 1t comes to compensation of vecupational disease there was a time
when I thought that the schedule method was the best, in that it pre-
cluded the inclusion of a lot of irrelevant illnesses, but as time goes by,
1t 15 evident that this is not completely true, Tt comes back to the quer
tion, what is a proper defimtion of occupational disease? With that it
then rests with the Commission to interpret the laws themselves

But the definition of an occupational disease is something which shonld
be given considerable thought. There 1s a tendency 1n some Junsdictions
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to take more or less the attitude “the man 1s sick, sn't 1t possible to get
him sickness compensation under the Jaw?” And they will do hand-springs
and somersaults 1 order to give him compensation, which is rather
unfortunate.

What seems to me the best answer to that situation 15 the more general
use of competent medical referee boards who are not beholden to either
the employer ar the employce, but are employed by the Commussion as an
umpartial, competent source of medical epmion for the gmdance of the
Commussion in maksg decisions. With such boards properly constituted
and free from political mfuence, and thetr findings properly evaluated
by the admimistrator, I think there will be very hittle difficulty,

That brings us back to another related problem, the theones in regard
to the aggravation of a pre-eusting condition I think such cases are very
loosely evaluated at times. You are actually penalized for gving work to
a man entirely capable of carrying on a certain hind of work because, if
he dies of that condition, you “hold the bag.”

Thnow of a case of a duabetic who was known to be diabetic, he knew,
the employer did, the physician did The poor chap could do sometinng,
but not very much, and his plivsiean gave him just a few months at
mast to Lise—so they let fum stay around One day he came 1 reporting
a black toe, and on exammatwon it was found te be diabetie gangrene
It was suggested “Dudn’t you bump that®>” Iis b was cleamng out
rublush around the office. He sard “Perhaps I did bump that toe agamst
the desk when I took the waste basket out a couple of days ago.” His
employer had to pay a complete death clum because of an m)ur’ suf—
fered dunng oceu “with ofaj t

4
But unti] somebody 1s able to evaluate such cases and give them their

proper weight, 1's gomg to be difficult to adimnmster the law m some of
these instances with any fajress 1t has been brought out that the mental
cffect on the ather emplayees s very bad when they sce how distorted
the decisions are m some instances

Then there is the influence of tranma on discase There 1s the tendency
to chum that certam conditons aggravate disease sometimes with very
hittle basis at all, We should gne more consideration ta the probubilities
i judgmg these cases 1 would like o see more and better boards of
medical seferees to help evaluste inedical testimons
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MR. waters: Thank you, doctor. I happen to see the Chairman of the
Medical Board of the State of Maryland, Dr. Nathan Herman, Would
you be hind enough to say a word on this subject, Dr. Herman?

pr nerMan:  The question of whether compensation for occupational
diseases should be according to a general broad coverage really seems
to me to be rather immaterial, depending primarily on the administration
from the standpomts of fairness and of general applicability. And that
brings us up squarely against the question of how such cases are judged.
I agree entircly with Dr McGee in being conditioned by my own ex-
penience, that brings us squarely against the question of diagnosis.

Of course, doctors aren’t infallible, but they certamly will be in 2
much better position to armve at an adequate diagnosis than a lay board.
If legal means can be found to make such medical opinion stick and be
final as medical facts—and I want to emphasize medical facts—I think
a broad coverage will certanly be advisable.

Unfortunately, we're all beset by the bugaboo of respiratory disease
m occupation and that goes all the way from simple colds to pneumonia.
I don’t think that will present too great a problem—again, provided
medical opimions prevail.

However, where such opinion is going to be subjected to the caprice
of a lay body, then I foresee great difficulty in administration

I think Dr. McGee might very well have expanded on the question of
training of physicians i the recognition of occupational disease Iam sure
he would have, had time permutted. Certainly, in our experience, that
represents one of the chief difficulties in that we get simply inadequate
recogmtion of occupational diseases. If such claims are held before medi-
cal boards, I thik that you will do away practically entirely with ex parte
medical testimony and render entirely useless the whole question of
referring medical testimony to a board of censors.

Tf these cases are heard before 2 medical board or a board of medical
referees or any other such device, and that board over a period of time
will evpress its opinion concerning ex parte testimony—as we very
strenuously do we simply want to hear the testimony of a physician;
preferably a qualified one, rather than “your” physician and “my
physicran—then we will certainly be in a much better position to evaluate
the testimony and to have a clear record of what goes on.



CHAPTER 35

Viewpoints of Workmen's C tion Administrati

p

as to Qccupational Diseases

HON. MARY DONLON®

1t 1s the responsibility of admimistration to make do wath what 1s avail-
able, as effectively and efficiently as possible, and to stave mnst:mtl} to
devise something better. What workmen's
presently has to do with, in cases of industrial dxswbxht) caused by occu-
pational chsease, creates problems that are samewhat different and more
difficult than workmen's compensation administration usually encounters
1n traumatic disalulity cases This dernes chieBy from a lag m legrslation,
which m turn reflects a lag in medieal serence in the feld of occupational
disease

In workmen's compensation, admnstration at best functions under
the handseap of legislation that 1s peculiarly technical and duffuse, usually
a patchwork of friquent and i clated and even i

dment:

Workmen's p legislation has been e\DI\qu’;
hesitatngly over a penod of nearly four decades But workmen's com-
pensation legrslation i the field of occupational discase has esalved even
more unccrtanly and slowly than has legrskation with respect to acerdental
mjuries,

The reason s faudy clear Al social legislation dernes from an in-
formed public opimon Long after public opuuon, i most states, bad
won stattory recognition of the principle that mdustry should farrly be
held hable for ats accidental casualties, there still was lacking the public
opimon and public leadership necessary to achieve equal statutory
recognution for the industrial dissblements that are caused by a wide
vaneny of ocouptionit disease hazards The Lt moving chemical and

* Cliammn, New Yok State Workmen's Compensatin Baard, New York City
N ’

s15
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M. waters.  Thank you, doctor, T happen 0 see the Chairman of the
Medical Board of the State of Maryland, Dr. Nathan Herman. Would
you be hind enough to say a word on this subject, Dr, Herman?

pr. HERMAN.  The question of whether compensation for accupational
diseases should be according to 2 general broad coverage really seems
to me to be rather immaterial, depending primanly on the
from the standpowmts of faimess and of general appheabihity. And that
brings us np squarely against the question of how such cases are judged.
I agree entirely with Dr MeGee in bemg conditioned by my own ex-
perience, that brings us squarely against the question of diagnasis.

OF course, doctors aren’t infallible, but they certainly will be in &
much better position to arrive at an adequate diagnosis than a lay board,
If legal means can be found to make such medical opinion stick and be
final as medical facts—and I want to emphasize medical facts—1 tiink
a broad coverage will certainly be advisable.

Unfortunately, we're all beset by the bugaboo of respiratory disease
in occupation and that goes all the way from simple colds to preumoni2
I don't think that will present too great a problem—nagain, provided
medical opions prevail

However, where such opinion is gomng to be subjected to the caprice
of a Jay body, then I foresee great difficulty in administration.

1 think Dr McGee might very well have expanded on the question of
training of physieuns in the recognition of cccupational disease Tam sure
he would have, had time permitted. Certainly, in our evperience, that
represents one of the chief difficulties m that we get simply inadequate
recognition of occupational diseases, If such claims are held before medr-
cal boards, I think that you will do away practically entirely with e'f parte
medical testimony and render entirely useless the whole question of
referring medtcal testimony to a board of censors .

If these cases are heard before a medical board or a board of medf¢ﬂl
referees or any other such device, and that board over a period of time
will express 1ts opinion concerning cx parte feshmony-——as we'v‘el)’
strenuously do we simply want to hear the testimony of a ph)’S\‘C“‘:"-
preferably a qualified one, rather than “your” physicx.an and 1“"‘{0
physicran—then we will certawly be ina much better position to cvaltd
the testimony and to have a clear record of what goes on

T, .
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technologin Al n

8! P L 1o modern production processes re-
quured fast moving developments m mdustrial medicine Understand.
ably, but unfortunately, industnal medicme did not heep pace. This
modern branch of medical science, des eloped to cope with the discases
caused by deleterions industnial processes, has not received even yet the
public and professional recogmtion necessary for support commensurate
with its social and economic importance.

Yet workmen's compensation admunistration necessarily must look, to
an informed medical professton (and under free choice that means to
the local practihoner) for dugnosis that will at Jeast suggest to admm.
istration the correct cansal relation of disease to an industrial etposure
The etiology of many industrial diseases is still obscure. Moreover, the
considerable body of such medical knowledge presently avasdable 15 in
the possession of a selatively small group of medical scientssts and
scholars. Not many of the physicians regulatly practicing 1n workmen's
compensation cases are 1 this group. The neighborhood doctors who
sce and treat most athng workers often fail to jdentify iiness as

pational disease M , they frequently lack the nformed
curiosity that would seek promptly the complete lustory of the patient’s
occupational exposures Without such hustory, correct diagnosss is some-
times almost impossible. Certamly the lack of occupational history has
delayed, 1 workmen's compensation proceedings, proof of the causal
relation between disease and employment necessary for the award of
henefits to disabled workers Conversely, idiserimmate giagnosis in-
accurately relating distase to occupational hazasds often gaves rise to
palpably false hopes as to pensability and puts an ary and
serious burden on admumistration

1t 1s undoubtedly true, also, that many workers annually lose worke
en’s compensation benefits to which they are famly entiled, either
because their fllness 1s never dentified as mdustnally caused or aggea-
vated, or 15 so 1dennfied 5o tarthly as not to allow clum fling within the

statutory period of hmitation.
1t would be pure speculation fo estimate how wmuch costs are mcreased

because pahent care snifers from maccurate chagnasis, while at the same
time fellow workers and therr employerss eontinue unaware of the serious-
ness of an wdentifiable mdustnal hazard. It must be a constelerable cost,
both in avoidable human suffenng and mn dollars.
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partial disabilities has sometimes been guesswork, unsatistactory allke to
workers and to employers. This medical dfficulty is, of course, not a valid
excuse for doing nothing New York is defimtely doing something in this
matter of evaluation of partial dust disease disabilities, and what New
York is doing by way of research m functional tests promises significance
for other states as well

The second seriously troublesome question is which of several succes-
sive employers should be required to bear the cost of workmen's com-
pensation in dust disease cases. Disablement or death of a worker often
follows exposure to dust hazards in numerous Jobs for different employers,
usually over a considerable period of hme. When the ceiling was re-
moved from dust disease awards, giving workers benchits throughont
ther g disabilty and dependents benefits throughont depend-
ency, should the last employer in an exposed emplayment be charged
with the entire workmen's compensation cost of a total disability or
death® If so, aund notwithstanding all possible safety precautions, might
not such a heavy burden of cost bring about discrimination in new
employment opportunities available to workers i the Qusty trades?

The cost in New York of compensable claims is not a negligible item.
Benefits are lngh The maumum weekly disability rate is 328, and bene-
fits continue durmg work disablement, without the statutory cerng on
aggregate habihity that s charactenstic of the workmen's compensation
laws of many states and countnes, Sunilarly, 1n death cases, the employer
15 bable for payments to the widow through widowhood, to the children
until they are 18 years of age, and to other dependents during depend-
eucy. That is obviously a fair provision for the workers, but the cost to
an employer 1s considerable The average value of cash benefit awards
m all permanent total disabihty cases closed in 1946 by the New York
State Workmen’s Compensation Board was $18679, The average value
of cash benehit awards in 1946 death cases was $7,207. New York em-
ployers are requured to pay necessary medical and hospital care of dis-
abled workers, and the considerable cost of such care 1s not inchided

in these figares It 1s a substantial extra cost.
Should the last employer pay all, even when the disabled or deceased

worker had previously worked for other employers in dusty employments®
Convinced that there should be no discrimnation in benefits among
workers who are disabled by the different industrial hazards, the prob-
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ing the occasion for controversy as to whether a disablement is properly
to be classificd as a dust disease or as some other occupational disease.
Except in parbial disabilties, there 1s no langer any basis for such con-
troversy.

War production processes drew the spothght of attention to the sa-
called slow starting or latent devel discases, Adj ion heeame
increasingly aware of the hardships mherent in a statute of limttations
that barred benefits to disabled workers whose occupational disease was
of such a nature that 1t seldom or never caused disablement as early as
one year after last exposure.

In 1947 New York made sigmficant progress in relaung the statute of
lrmutations, providmg a special and more realistie statute as to occupa-
tional diseases which cause latent or delayed pathologic bone, blood, or
lung changes or malignancies due to esposure to or contact with arsenzc,
benzol, beryllium, cadmum, chrome, Jead, or Suorine, to air pressure, or
to exposure to X-rays, radwm or radioactive substances, in all of which
1t 15 recogmized that objective symptoms develop slowly

Under the new law which became cffective July 1, 1947, in New York
State, a warker whose disablement 1s caused by one of the enumerated
ciseases 15 permutted to fle hus clam for workmen's compensation bene-
fits and to give notice to s employer, withm nnety days after disable-
ment and after knowledge that hus disease 1s or was due to the nature
of his employment, notwithstanding the lapse of more than the vsual
short statutory pertods of himttation with respect to notice, elam filing
and the pertod previous to disablement within which the disease was

contracted
VWhere the death of a worker is caused by one of these slow developing

discases, and no clam was filed or determination made with respect to
hus disablement prior to death, benefits will be awarded to his dependents
1n cases where ceusally related death easued within five years after
contraction of the disease Where befare death a compensable disabrlity
had been claimed or determined, the usual period Jimiting death claims
is, of course, entirely farr

1t should be observed that this new legislation was drafted 2 year age,
and was mtroduced m the New York Legislature in January 1947, before
public attention had been widely drrected to some of these occupational
hazards, such as beryllmm which has been the subject of discussion dur
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ing the first four days of this symposium Ths legislation 15 2 splendid
tnbute to the progressive mtercst of New York State in sound and forward
looking workmen’s compensation measures There 1s no counterpart of
this law 1n other States It breaks new ground 1n occupational disease
legslation and opens new frontiers to worhmen's compensation admin-
istration 1 the development of medical evidence and the adjudication
of clatms based on pathologic bone, blood, and lung changes and malig-
naneies caused by the ennmerated exposures

Workers who have been temporanly disabled by occupational disease
sometimes find, upon recovery, that medical opimon opposes their return
to the old harmful occupation This 15 notably true where the worker
suffers from an allergy that 1s wntated by an exposure 1 that employ-
ment To facilitate the rehabilitation of such warkers into an employment
free of the nowous hazard, the New York Workmen's Compensation
Board has power to find a partial disabihity in such cases Where the
Board finds that a worker 1s able to earn wages 1n an occupation that 15
neither unbealthful nor injurious, but 1n which the wage does not equal
the full wage earned prior to disablement, the Board may award work-
men’s compensation henefits on the basis of reduced earnings

The broad scope of the Second Injury Law m New Yorh State has been
mentioned It embraces disease either as a first or second mjury, or both,
This lias done much to make the “over 407 age group employable m
New York State When workers afflicted with chrome diseases that himt
their emplovment apportumties, such as cardiac mlments or arrested
tubereulosis, contract an occupibional disease or sustain an mndustnial
aceident that results i permanent disability caused by both conditions
materally and substantially greater than would have resnlted from the
oceupitional disease or mdustnal acaident alone, the claims come under
the provisions of the Second Injury Law,

Because the theory of compensable disability through aggravation of
a pre-ewsting condition had already been judicially confirmed i New
York, this new law docs not add anything to the amount of benefits
disabled workers recene They aleeady recened full benefits What the
new law does ehange 15 the meudence of employer cost By tramsferring
to the Second Tupury Fund the habihty i excess of the fiest 104 weeks i
these permanent disatulity cases, the cost of workmen's compensation
to an mdivaduat employer 1s 5o reduced that he need no longer hesitate,
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in New York State, to employ qualified workers with partially disabling
Ph)’fi“ﬂ) impaiyments. The social values of this forward loohing work-
men's comp 1on legislation are tre dous. The notable gain to the
labor force is equally important to the nation’s production effort,
Current viewpoints of workmen's compensation administration in pul-
monary and other occupatronal diseases, as they appear to administration
in New York State, may therefore be bnefly summanized as follows:
1. Benefits to disabled workers should be no less for an occupational
discase disablement than for a traumatic disability.
The medical charactenstics of cerfain fatent or slow starting
diseases call for a realistic perrod of limitation not measured from
Iast exposure.
The burden of workmen's compensation costs may be a serious
deterrent to the employment of workers who in previous employ-
ment have Dbeen injunously exposed to hazards that cause
Pprogresstve deterioration, as m the dusty trades Spreading excess
workmen's compensation costs to mdustry as a whole improves
employment opportunthies,
Similarly, the middle aged and older workers, and those of all
ages who have permanent physical impairments, are more readily
employable when excess workmen's compensation costs per second
injury or occupational disease are hifted from the employer and
transferred to a Second Injury Fund
Rehabihitation of workers who would be harmed by return to an
p ] exp calls for 1 of workmen'’s comp
tion benefits until earnmgs in a medically safe new employment
equal those m the medically unsafe old employment
The cooperation of the medical profession at every level is urgently
required for the satisfactory admnistration of workmen's compensation
in cases imolving occupational disease. Expert consultants are uspally
available, at least in the farge cities, to give to workmen’s compensation
P ialized and P di i and

ation sp P
opnions on causal relation and treatment They cannot, obviously, advise

workmen’s compensation admuyustrahion about those cases that are never
bl by local practitioners, or

ta

I3

=

@

identified as occup I disease di

are so identified too late
There is, moreover, urgent need for the establishment of sustable and
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generally accepted standards m such matters as laboratory examinations
and X-ray pictures of affected areas. It 1 well hnown that Xeray pictures
are not always ly revealing of d eonct as to which
expert testimony 15 required  Pictures may and often do fal to reveal
the true pathologic condstion, and this Failure sometimes results in
gross miscarriage of fustice nnd certamly m senous delay There s this
same necd for pred i! sa that
accurate seports may be available to worlmen’s compensation adminis-
tration when, as 50 often happens, the results of a laboratory examination
are the anly evidence, long afterward, of conditions on which proof of
causal relation may rest.

Meetings like thus, devoted to exploning and spreadimg medical and
medrcolegal knowledge of the obscure occupational diseases, are of great
ralue to workmen's compensation admimstration More such are needed

There 15 need, too, far more emphasis on wdustrial medicine in medi-
eal education, In this country we might well profit from the expenience of
Swtzerland, where for years industrial medicine has been a required
subject in the curreuta of all medical schools In an era charactenzed by
mereasing industrnal exposure to substances the hazards of which are
unknown, or understood only in pu! or huowa positively to be harmful,
the saund ad of 's ion, mcluding rebabil-
ttation, recquires that the frontiers of mcdncal knowledge be ad\anccd to
match the advancing frontiers of industnal technology A society whose
survival is dependent on possession and use of the most modern proce-
esses of industnial production, requires for survval also sonnd medical
hnowledge as to the hazards inherent w those processes

Tl :

n

Discussion

HARRY A, NELSON®

The Wisconsin commisston has taken especial interest m the subject of
occupational disease since snchsion of occupattonal discase under the
Workmen's Compensation dct w 1918 At that time the disease which
gae the commussian the greatest concern was that of sihicosts, ether with

* Director, Workmen's Compensation, Industrial Commussion, The State of Wis-
conun, M uhson, W asconsin
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or without tuberculosis, In order to obtain the best information available
on the subject a conference was called by us at Chicago in November
1932, and noted specialists in their fields were jnvited to attend. The
conference Jasted for two days, during which the subject was thoroughly
explored. Much addrtional knowledge has become available since that
tume, N

Following the Chicago conference the late Dr. Gardner was persuaded
to conduct 2 simular symposium at Saranac Lake, which was held, I
beheve, i 1934. We in Wisconsin like to belicve that the Saranac sym-
poswums were mitiated because of the Chicago conference. From these
symposuims we have learned much We cannot let this occasion go by
without complimenting the Saranac Laboratory, and those who are -
strumental 1 arranging the symp , for making available to boards
and commussions mformation on vanous occupational diseases, particu-

larly sithcosts and tuberculosis
In Wisconsin all mauner of mental and physical harm ansing out of
employment 1s compensated without schedule and regardless of type.
We believe that above all types of injury occupational disease should be
compensated That is because the employee usually has little or no con-
trol over the hazards which cause these discases. He can, to 2 large
degree, prevent accidental myury That 15 not true as to accupationat
disease We have always thought that there should be blinket coverage,
and that states should not, because of timidity and fear that they may not
be able to “cope with the problem,” exclude many discases and con-
ditrons, even thouglh cases may be difficalt to decrde. As a matter of fact,
the Wisconsm experience has been that cases of occupational disease are
no more difficult to decrde and 1 some cases easier to decide than are
those of aceidental mjury Certamly the question of causation of disease
as related to accidents of variaus sorts presents at Jeast as much difficulty.
We all agree that cases should be decided on a scjentific basis and not
merely because of sympathy or by lut and nuss methods. Compensation
admumstrators are usually lagmen as distingwshed from persons who
have been medically tramed Many administrators do not have doo\?rs
on their staff The best medical opwnion should be available to all adatin-
strators. The work which has been done here at Saranac Lake and the

i v f in-
sympostums which have been held from tme to time have been of
1 h the country, They have

timable value to
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Leen enabled to learn where the scientific truth hes, and thus to reach
mtelligent and factual decssions of compensation cases.

1 believe doctors should always be cautioned that the test i work-
men’s compensation, at least n the great majonty of states, 1s that of
probable comnection rather than absolute unquestioned causation as
between work done and disabihity which becomes apparent. We often
hear of a doctor who has testified as to probable causation by employ-
ment asked whether he can positively state that the condition resulted
from an acaident or from exposure at work, He may answer that he can-
not so positively state The question then follows, “Then your opron 1s
based on conjecture?™ The doctor then answers that he supposes that
15 true, Some admimstrators may then be prone to hold that the claimant
has failed to sustain the burden of proof, and from the legal standpont
that 15 probably correct Both admuustrators and doctors should have
mind that the test 15 one of probability rather than of certainty, and that
when reasanable probability 1s shown, hability should be found, That

test is of the very essence of the hiberality which should pervade com-
1 1

P and p

We cannot too strongly stress the necessity for pre-employment and
interim employ physical of emplo; It 15 of vasth
greater importance to prevent disease than it 1s to provide for compen-
sation after the discase has occurred Prevention can be attamed only by
a knowledge of the employee, the conditions under which 1t 1s proposed
that he work, and an ntelligent placing of the employee in an environ-
ment which will not be dangerous to him and to his fellows How can

that be done withaut knowing the employee’s condition? FHaw 15 1t pos-
sible to prevent discase 1f we pernt the exposure of one who already has
a condition wlhich renders him unduly susceptible to that disease if expo-
sure to delcterious substances occurs® But unless the practice and use of
physical examinations are carefully safegnarded, employvees are properly
gowng to refuse to submit to Many enhghtened empl

do not need the force of law i order to prevent disceumnation agamst
those with physical handicaps Manv emplovers are itelligently examn-
g and placiny these persons in service rather than excluding them from
service—atwavs, of course with the sort of intefhigeat and diserimmating
placement which will msure safety to all concerned, Some emplovers are
not so enlightened  We must, therefare, hase rules and hiws which wall
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m:xke Ait expensive for the employer who intends to take unwarranted
ge of physical e 2 , either before or dursing employment
What 15 the doctor's function m comnection with industrial disease?
If ke is going to be able to give mtelligent reports and testunony as to
causation and extent of disability as related to occupational exposure, he
must mform himself. He must not only inform himself but he must, as
our people n Saranac Lake ate doing, see that screntific information is
produced and published which will enable doctors generally to have
correct information. It is then his Function without fear or favor, to give
the scientific facts to the employer, the insurance carreer, and to the
compensation admunistrator without regard to the question of what the
result of his testimony may be when honestly and competently given. No
doctor should give an opinion which 15 tinctured with the question of
whether the result from the doctor's viewpoint is good er bad, The
doctor is concerned merely with scienhfic opimon and fact. When he
has gaven these honestly and scientifically, 1t is the administrator’s furic-
tion to apply the law and to deerde whether the result 15 not good or
bad, but w accordance with the law of his jurisdiction It 1s for the
legislature to decide as to whether the result 1s 2 good or a bad one Too
often we hear it commented that if a case 15 decided in 2 certain mavner
the result will be bad for labor or for industry. Curious decisions are
reached when that sort of rationale 1s indulged by the administrator.
Above all, the finest attamment aclieved by study of occupational
disease 15 preventton and chmunation, to a large degree, of the disease
smvolved Wisconsta 1s proud to say today that silicosis has been nearly
stamped out 1 ous state because of the outstanding work which has
been done by employers, msurance ¢arners, safety people, and public
agencies in Wisconsin That is true, to a large degree, of lead poisomng.
It 1s one of the most hopeful and finest accomplishments which can be
ned to know that as disease can be traced to employment, the
ty of doctors, and others d rapidly comes for-
ward with effective means of elminating and preventing disease, and
thus carrymg out the most important objective of all—the saving of Iife
and bmb and the prevention of human suffening and distress.
One subject which we belteve 15 deserving of especial attention is that
of a finding of partial disability n a case where the emplayee 1s able to
continue at work. This 15 sometimes known as medical disability Persons

enyisio
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with stlicosis, we think, should be kept at work, provided they are able
to continte at work which they are able to do—provided a safe environ-
ment can be afforded. We believe that persons with first and second
stage siticosts should usually continue m employment, first, because the
facts show that they are not actually disabled 1 many cases, and second,
because discharging them does not improve the sitwation It Joses for the
employer employees with great shill, 1t stigmatizes the employee who
may have difficulty in procuring work from other employers, and 1t
creates a neurotic condition, which s highly undesirable On the other
hand, there should be protection for the employee who has accrued
disease, and who, if discharged, may thereby suffer wage loss, even
though physically he 1s able to contmute work and it may be safe for
him to do so. Wisconsin has a provision for payment of up to $3500 for
nondisabling silicosis resulting 10 discharge of the employee and con-
sequent wage loss That has resulted 1n retention of employees in service
which 15 safe for them and their fellow employces, and economucally in
savings for both emplover and employee Inherent m this sort of pro-
tedure 15 the necessity for repeated medical examinations. so that if at
any ttme employment is shown to have reached the point of danger, the
employee mav be discharged and be pard compensation for the wage
loss which results from lus condition.

Further Discussion

MR waTens  Thank you, Mr Nelson This paper s now open for dis-
cussion, 1 believe that Dr Vidal of the Quebee Commussion 15 1 the
audience If that 1s correct, I would appreciate a remark from him
DR vipar Y1 do my best, but at's casier for me 10 talk 1n the French
Linguage Iam quite sure that 1f you understand my Enghsh, you must
be verv witelligent

In the Province of Quebee, we compensate partial and permanent
disabulity for silicans tf the clum s subrutted to the Board within fre
years, and even therealter the Board of Commussioners may aceept a
clum for medical expenses if they find some reason to yustfy the decision,

The two mam questious 1 our provinee are (1) prevention of the
discase and (2) evalration of the degree of disablity We must agree
that we cannot do much i the treatment, we are still awarting the
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thus find them lying around m the town without adequate means of
support.

May I ask what, in Wisconsin, where the insurance scheme scems fo
be very efficient, 15 done m such a case® Is the man compensated shes,
let us say, he presents a condstion of mild silicosis and, at the same time,
of tuberculosis® Is he pad full support during hus stay in the sama-
torsum?
on. sanpen-  Yes. Any case in which silicosss with active tuberculosis is
found, no matter to how slight a degree, if it can be diagnosed by X-ray,
is considered a compensation ease against the last employer who con-
tributed a significant dust exposure The insurance companics or the
self-msured employers pay for the sanatorium care, as well as the com-
pensation.

MR. WATERS. Any other commissioners i the audience

or. MAYER. I happen to be one of those who have fallen for the charms,
the “charmed profundity” shall I say, of Mary Doalon, and also for her
keen msight and wisdom n this field of ind } medict

I am one of the members of a board of three pulmonary consultants in
her division of New York State Dr Amberson, Dr. Whipple, and 1 con-
stitute the board. We see the disputed cases. Only rasely do we find that
physicians will fully gave opintons that are not their best,

We find diseases complicating dust mhalation, such as
disease, where 1t 15 aften tmpossible 1o evaluate the major factor in dis-
abdity, and where only oo rep 1 jon can one )
define causal relattonship.

T mention thys because 1t is the impression that many physicians
regulasly perjure themselves in testmony
MR, WATERS Any comumssioners from other states bere who'd care to
say a word® Any ather questions you gentlemen might care to ask, we'd
be glad to have them.
bR vossuneir, The question of siheosss and tubercufosis poses an inter-
esting problem, when one sees tuberculosi without any d bl
silicasis in a worker who 15 potentially exposed {0 some degree of sthea
dust, I'd Iihe to hnow how those cases are handled. Let's assume the

of kil Josis m & short-term worher, say a worker m a foundry
:71' in some occupation where he has a defite but Inuted exposure to

I T
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CHAPTER 3¢

The Insurance Viewpoint

HENRY D SAYER®

In accepting the invitation to speak on the subject of occupational
lated that I could not

diseases from the vigwpomnt, I stip
state any conclusions with authonty that would seem to express the
aceepted view of the insurance industry or to commit that industry to
any course of action To speak with any such assumed authority 1s not
my function, and surely the spokesmen for the stock company interest
and the mutual company interest are far better able than I to state the
views of their respective groups. Moreover, state funds that have been
set up 1 many states to msure the obligations of emplayers under com-
pensation laws will also have their own mdividual pomts of view, as to
which I do not speak Insofar, bowever, as my nowledge and experience
of the subject may aid m clanfymng the relationship of insusance and
occupational diseases, 1 am very happy to set forth my individual views

It 1s perhaps an unwarranted assumption that insurance, as such, has
a special or particular powt of view on the subject of occupational
diseases Certamly, I do not assume that it has Insurance performs a
service of vast importance in makmg possible the carrying out of the
purposes and secuning the payment of the benefits of workmen's com-
pensation Jaws It is not too much to say that without effective insurance
and the mpl of It tion Jaws by & principles,

the whole compensation system would be weahened to the point of utter
% of

s
emplayer to pay

impotency 1F no security for the

benefits evisted other that the abiltty of each individual

not only the immediate benefit, but to continue payments to the satis-

faction of the extreme habulity imposed upon hm, which may extend for

years mto the future, our compensation laws would become a travesty

* General Manager, Compensation Insurance Rating Board, New Yorb, New York
542
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1s 1ot so. It is within the speaker’s personal recollection that when the
first defimite occupational disease law was passed by the Legislaturc of
New York State m 1920, msurance contnibuted information and facts in
regard to the meager hnowledge at that time of occupattonal disease and
assisted, in accordance with requests of authorities 1 this State, in the
drafting of that first Iaw, which became the model for oaccupational
disease legislation 1 a number of other states. Industry and insurance
Jomed in urging passage of that law by the Legislature, What insurance
has urged in various places and on various occasions was that the occupa-
tional disease laws be drawn with such directness and explicit terminology
that there be a correct understanding of the rights and obligations
created so that there could be little room for litigation. New York State
did not m 1ts origmal law accept the principle of an all-inclusive law,
drawn in such loose terms that it might be difficult, if not impossible, to
confine 1ts coverage to real occupational diseases, as distinguished from
diseases of ordinary Iife that might by some spectous reasoning or specu-,
Iation be ascribed to a condition or ncrdent in the employment, In fact,
New York State, 1n the opuwion of many, has not yet gwven its evpheit
approval to the inclusion of coverage m mere broad and vague language
for all diseases of every nature occurnng to workers. Our first faw,
enacted 1n 1920, was what is commonly known as the schedule type of
law. It hsted all discases or exposures leading to disease together with 2
deseniption of the covered employments The schedule then adopted
was, as expenence developed, very greatly broadened until it covered
virtually every recognized disease that was at the ime defimitely attribut-
able to occupation, In 1935, however, the law was amended to make 1t
allanclusive, not by strikig out the schedule of diseases and substitutng
some general all-mclusive phrase, but by retaining the schedn‘e“nnd
merely adding, as an additional stem 1n the schedule, coverage for “any
and all oceupational diseases.” It may be assumed, thercfore, by the
application of the legal doctrine of cjusdem generis, that the ch:s]amr;:
mtended to apply the all-anclusive phrase to diseases having the ;Ecnf m
attributes and ch of the fold dieases listed in the
schedule Unless 1t was intended that the limtmg and definiog patore

hat conld have beer the purpose 1
of the schedule was to be ob‘scnfed, wha! > :he e
g

¢ the full and p e
ture cannot be supposed to have used language without purpo:



The Insurgnee Viewpoins 545

undcrstandmg, and the courts g gne eflect, if all posslblo, to ajf
e,

t is, houevcr, 251 have suggest(-d, a matter of pubhe pohq\ for cach
ndn dyyy State go cerde Whether ¢ will op will nog ncnde OCCUPAtiongy
diseases Within g COverage of its Ompensation b, apng whether it
sl include 5 Zenerg) all-mclusue form of COerage of the more defimte
and exaop form of COterage bya schedule o, Immg Of dhseases and relagoq
occupahons, dc(zmlcly related ¢, the idustryeg and needs of the Darticypy,
State 7., Public Policy vy 0 large MCasure b, mformeq by the fecds
and Tequiremeng, of the People g9 sty g of the Partieyl,, state,
h:nmg fegard, of COurse, tq the YPerency of Other states a9 &energ]

Mediey) Anowledgc abor ang Mnagemeny should, of ourse, haye a
large oree in g, (h‘f('rmmanor f those Questioy,

Sthcosyg and Ashestag,s as U Pation, “onditiong Whle diseases of the

Tungs, due ¢ halatyon Of dust, have heen FeCOgnIZeq from Carhest

times and hay e been eferreq 4, " the ancrenp lm-mhm*. Nt receny

rears g, Was seientificay, hnow of they Patholog, Ctiology and
.

lvn(lcrshnp of Trudeg,, and of Garduey, has made gy Stades Tesearch
and the (Ict(‘nnmnfmn of the facts a5 g the napypo and oy elopmen of
these diseages Not onhy, lm\\(‘\(‘r. dd the lack of definge lnm\le(lgc
and lm(k'rxr.mdmzz of pnclllm)(‘cnmsn lead ¢ Dilficuyy, m n(hmnnrnh\(-l\
dmhnz Wit thege diseases and the durmmununn OF leaay nghty Brow iy
out of then, Ing op,. ten sy and Lraduay Progresqg,, of such discases
n i gy, OVer g Peniads of C\Psure g Il gy troduceg
‘en mmphmrmg lemepy, especnyy from g MSuraney. Pomt of View,
Dunnz the mtvr\(-mng YU, Whyge A Worker 4 bcm: €Iposed ¢, dust
and ey slow gy, Y T Patholgg, . hinges that



545 Pneumoconiasis

eventually result in his disablement or death, he may be employed by a
number of different employers, or have off and on employment by the
same emplayer, and 1 these vanous employments conditions may be
very diff and the of and ton of dust may widely
differ His employments may not all be within the same state and may be
governed by dufferent Jaws or by no laws. His employers may be insured
by different insurance carners and, indeed, even though he work con-
t ly for the same employer, that ployer may be insured by dif-
ferent carriers dunng various periods in the course of his employment.
Generally speaking, the right to compensation arises only when disability,
causing foss of earnings, takes place. The right to compensation having
been established, the worler or his dependents are concerned ouly with
the recewving of the benefits set forth 1n the law, and have no particular
concern with respect to the liability for such payments,

Complications of like kind arise when the Jaw, creating the liabdity
for benefits, 15 of more recent existence than the period of exposure from
which the condition arose. Thus a period of total disability may arise
within a very brief penod after the enactment of the new law, whife the
period of exposure out of which the disease arises may practically all
antedate the law creating the lability Here then a condition may anse
for which hability is newly mposed by law, but the conditons out of
which the disability arose may be wholly or in large part due ta con-
itions of employment at a time when the law created no liabibity upon
the employer or s msurer for such a disability.

Recogmzing these mamifest facts, the New York Legislature accepted
certamn very mmportant principles 1n enacting the law with regard to the
pneumocomosts, namely, first, that the labihity for compensation shall
be imposed wholly upon the employer who Lust employed the worker in
a dusty employment, and, second, that the lability for silicosts or asbes-
tosis under the pew law shall be, in the begmmng; merely nominal or
mimmal, taking little account of the exposures in employment which took
place prior to the law's enactment, the benefits and the Jability therefor
nereasing antomatically as the passage of time and the period of exposure
under the pew law lengthens. These increments may attach monthly, as
1n New York, or they may be annual or at other petiods, but cvmhfnlly
the benefits reach the full himit of the law, This type of law has sometuncf
been referred tn as the “shdmg scale of benehits” or the “escalator clause.
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ment. And unless they make claim for compensation and are physically
examined, an employer does not know of the existence of any degree of
fibrosis i their fungs, whether partully disabling or not. 1t 1s certain
m some trades that the worhers prefer not to know that they have a mild
degree of sificosss, and they assuredly do not wish thejr employers to
learn of their condition through physical examinations, They seem to
prefer jobs and the wages that they earn to any compensation allowance,
with the certain branding of them as silicotics that would be entailed in
any system of compensating for partial disability, They appear to regard
that as economically disastrous, and there can be little doubt of the bad
psychologie effect of such hnowledge.

There 15 one aspect of partial disabihity in such cases that is so different
from partial disability m aceident cases that it should be noted, Partial
disabnlity in accident cases, as we see it in innumerable cases, almost
mvariably is at ats worst i the begmmng. Usually, as improvement
occurs, partial disability follows upon a pertod of total disability. Partial
disabality may become permanent when it is fouud that treatment is of
no further benefit, but most often the partial disability becomes less and
less until none remams. Not so, however, in cases of partial disability
from silicosis or asbestosis In those cases, partial disability, af it arise
at all, comes on gradually and wsidiously. Physical findings by N-ray
are usually the first evidence of the disease, Never is any disability
present at the outset, Progress 1s pot toward improvement, but if exposure
continue, the disability ncreases, It may progress to eventual total dis-
ability, or the worker may contnue working practically to his eventual
death If we were to descnbe the progress of the disability by a curve
on the chart, the disability from accidental injury would be shown as a
curve downward, while m the case of a dust disease, the curve would be
fust the opposite—upward.

To the medical man these distinctions may not be very significant,

to the administrator and to the msurer they are vital. If a worker is once
bility 1 a dust disease case, it is almost &

ted for partial d
certamty that he will continue under partial disability until total dis-
gbility or death oceurs And 1n such a case total disabnlity will not be long
in following the partial disability, for once the worker 15 officially certi-
fied as a siicotie his days will be numbered in his trade, and when be
can no longer get employment in his tiade, he will quickly become an
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Insurance under the law for partial disabality would present almost
isuperable difficulties. In the first place, we have no reliable facts as
to the number of workers at any time who have siicosis or asbestosis
m any degree, whether thsabling m any degree or not. What the exposure
3 or may be, we have no way of knowing Accordingly, this would rase
serious difficulties in the way of finng rates that would be both reason-
able and adequate, The setting of proper rates is at the very basis of
effective msurance.

In what has been smid, we have not referred to silicosis or asbestosis

plicated by infection, When tuberculosis oceurs as a complication
of 2 dust disense. there is no question of partiat disability. Suck a person
1s at once regarded as totally disabled and should, for the effect not only
on humsetf, but for the safety of his fellow workers, he removed at once
from s employment Silicotuberculosis, under the New York law, has
nat been regarded as a case coming withm the limited benefit provisions,
but has heen compensated 1 the same manner and to the same extent
as tuberculosss, as a compheabon of any mjury due to accident, or to any
type of occupational disease other than from harmful dust.

Recalimg then the principles referred to at the outset of this paper,
it wauld seem that so far as the New York law is concerned, the obliga-
tion for eccupational discases has been made wmsarable, susceptible of
rating and 15 stated in reasonably defimte and certwin language, By this,
1 do not mean to unply that we have no controversial or htigated ques-
tions There are always questions as to whether a particular disability
is ane due to a disease hsted in the schedule or whether «t may be prop-
erly brought withw the all-mchwsive provision of the law. In the mterest
of sound insurance, which as 1 have pomted out is essential to any effec-
tve system of compensation, it should always remain 50,

Insurance has contributed, and will continue to contribute, of its
sxpenence and hnowledge of the facts that st has ganed 1o its contacts
swith the faw and its study of the diseases that st has jnsured. It has con-
tnbuted, and will continue to contribute as requested, information as
to the estimated cost of new measures based upon the extensive statistics
derived from the operation of the Jaw in all states. The matter of public
policy involved in the enactment of auy such laws is the responsibility

of the Legistatures, informed by the views of lahor and management, and
1 ; 1 I

by the responsible suggestions of the
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may be relied upon in such case to do all m ats power to make such laws
effectus e for the accomplishment of the objectives sought thereby.

Discussion
WARREN € TUCKER®

1t 15 eather extremely dilficult or extremely easy to follow and discuss a
pager or lectuse by a4 person hasiag the background, the ability and the
wide fnformation, as well as the excellent manner of presentation, as has
Mr Sayer It may be that m this snstance my task 15 partiealarly unim-
portant because followng my discussian you have for consideraton a
very excellent discussion by Mr Ruchard C Wagner, who like Mr. Sayer,
1s a man of wide expenience and who will present wteresting, carefully
prepared, and complete information oy this subject

The fact that I am deseribed as bemng counse] for a mutual company,
and Mr Wagner, ns everyone knows, represents the stock group mterests,
makes no difference at alt so far as our indnidual or pint thoughts
connection with such a subiect are concerned,

1 we are to have a law giving benefits, T hope that insurance com-
puues will have a large part to do wath st and will be entstled to 1ssue
poheies giving protection under such a Taw, and of there be policres
wrtten giviag such protection, there will be clauns, and i the handimg
of clanns there is no confict between the stock and mutual granps of
the msurance comparnies

While there have been discussed at this symposmm many types of
mdustnal diseases, our compensation law of the state of New York—
and 1 thnk at 1s dargely to this state that T shall confine my remaths—
provides for rather complete coserage for such diseases, wath the excep-
tion of partial disability resultmg from silicosss, and as there ss great
mterest wm thns particular disease, | shall confine my discussion to it and
to the problems of gring compensation bencfits ta ove who may be only
partialh disabled by reason of at

As My Saper has mentosed 1 s ronarks, the legishature of tus
state, m providmg for compensation for diabled persons by reason of

' 'lTrnl(-f and Biscelle, Counsl, Utka Matua! Insurance Company Utiea, New
atl
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pational di A dered at first only specific ones, placing cer-

tain restrictions as to the rights of recovery based upon disability from
any one of these diseases and the source of these diseases, After certain
experience under that Jaw, 1t was amended in 1935 by providmg coverage
for “any and all occupational diseases” but restricted this inclusion so
that it would not apply to any disability or death due to any disease
described in a section of the law known as Article 4-A relating to silicosis.
That article gave the sole remedy afforded by the Workmen’s Compen-
sation Law to a person suffermg from silicosis or any disease desenbed in
Article 4-A, and m that Article, Section 66, 1t was provided “compensa-
tion shall not be payable for partial disability due to silicosis or other
dust discase,” and therefore for a worker afflicted by silicosis to recover
money benefits under the law of the state of New York, it was necessasy
that he be totally disabled. Since then the law has been further amended,
but the provision requiring total disability before one is entitled to com-
pensation still remains Unquestionably there were in the minds of the
legislators reasons for this conclusion.

The original idea, and I think it 1s still a proper measure for the basis
of any compensation law, 1s to have a statute that compensates a person
for an economic loss, and as a practical procedure, we must be able to
measure with some degree of accuracy the economic loss which js sus-
tained or which could be clumed under a law giving that remedy

Those of us who are concerned with the approval of clamms and with
the statute giving certain nghts and benefits, expect there wall be claims
and proper clums to be pmd There also wil be under any statute
attempts to enlarge the clear and unequwvocal benefits intended to be
conveyed. If a person suffers from an aceident and receives a 1oss D.f
hand, it 15 a simple matter to estimate and measure the disability. It is
a little more difficult to measure the Joss sustamed when that is loss l'zf
use, and that, uself, has proved difficult. There is increasing difficulty in
determining the loss of use when the part of the anatomy affected is not
readily observable, We sometimes are not satisfied with the appem:ance
as shown by X-rays because the reading of X-rays requires experience
and skl nat possessed by the ordmary layman, and unfortunately doctors,
as well as lawyers, do not always agree in forming a conclusion based
upon certain evidence before them. When that evidence ss at all obscure,
the chances for disagreement multiply .

Pneumoconiosis may partake more of the nature of a condition than



ferent Peaple thgr 44 1 most Mportant thay those of yg who are hgaged
m the lmndlmg of claims and the Passig tpon the Pymeny of Proper

loss 4 the Beneral pulpe ready o bear, bcmusc. Wheney o 0 isuranee
COmpany oy A pohicy of SURANCe 40, 4y, ©mploy or of the stapy of New
York pays 2 clum baseq Upon (hsaluh!y allegeq by an cmployee, the

m thyy DParticy],y, bu\mcsv. as welf 55 all other Cmplos cpg anet cmplo’\c-rs,
bear (54 Cpense I g Pubhe poqq, 10 assume the Xpense of 4 law
>
5

IS 2 matter which should o Biven careqy COBsuleration on the
Part of g, Benera) Public, ang pnmcuhrb that of ¢, State of Ny, Yorl,
becayse W& m Ney York state feel the hys adopted .. this stape gen-
crlly haye FePercustgr, and are often follow ¢ by othe, states, 4pq
Based oy g Pomat of yy Sy chinge 4 SOMENINCS Gy and

Any stapyp, 81Ing partyay dmhlht) for sihicoys should, ,, ™ opunion,



554 Preumoconiosis
be one for real disability. It should not partake of the nature of & pension
or for any conditions ansing merely from old age or from conditions not
traceable, with a reasonable directness, to the employment of the mds
vidual seehing benefits

A certain type of employment should not be held responsible for bene-
fits because of conditions developing from other types of employment
any more than that particular employment should be held responsible for
conditions developing from reasons not d with any empl t
in any way.

Probably all of us have a slowing down with the passage of years.
Doctors, lawyers, legislators, directors of Workmen's Compensation
Boards, all 1n time and because of the structure of our human hody and
the passage of years develop certain physical lunitations, and 1f benefits
based upon a disability ansing out of an employment are to be consid-
ered, means should be taken to see, on the one hand, that just disabilities
arising by reason of the employment are paid, and at the same time to
provide safeguards so that the public wall not 1n the purchase of a product
bear an expense not d with the f: of that product.

A reasonably stmple rule or procedure should be developed to enable
such a law to be fanly and adequately mterpreted so that those worthy
cases will be given proper consideration, and by the same token, so that
the unworthy, frivolous claims, or those which would greatly extend the
scope of such statute, will not come within its purview,

During my expertence with compensation matters, and particularly
during that part of 1t relating to claims which have been made for sibi-
costs, either based upon the compensation law or the common law, I
have never known of a method by which I felt the degree of disability
could be accurately and definitely fixed It seems to me that in such cases
one party will produce proof of a high degree of disabulity, and the other
party through equally reputable sources wall be just as positive that there
is little or no cisability,

1 am somewhat m doubt as to whether a fixed rule can be set up which
will deal equitably with all persons, and until & fixed rule can be formu-
lated which will deal eguitably with all persons, it would seem that the
awarding of benefits to persons not totally disabled should be seriously
considered before bemng finally adopted

The compensation law 1s @ simple, quick remedy for an Inj

jured ot
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Jegislation I fully subscribe to that thought. Particularly in the earher
days when comparatively Iittle was known about occupational diseases,
1t was thought by some that compensation for such diseases could be
satisfactonly provided merely by amending the Workmen's Compensation
Law by elimmating the requirement that the injury be accidental or by
speerfically amending the definition of personal injury to include occupa-
tional diseases Occasionally, one still finds expression of this view, While
at first glance this seemed a simple way of providing this coverage, ex-
pertence has shown that apparent stmphcity, in actual operation, has
been transformed to undesirable complexity. Back in 1919, for example,
Wisconsin granted such coverage merely by providing that the Act
addition to accidental injuries anclade all other injuries including oceupa-
tional diseases growmg out of and ncidental ta the employment In 1936
we find the Supreme Court of that State m the case of Schaefer v. Indus-
trial Commission 265 N.W. 890, saying.

The statute was drawn to cover zccidental injuries without any thought
of jts apphcation to occupational diseases. The right of recovery for
wnjunes sustamed by reason of occupational diseases was then inserted
mto the statute swithout a revision, so that the terms of the statute appli-
cable only to injuries were required to be interpreted as applied to occu-
pational diseases The court pomted out the defect i the statutory
procedure, and did the best it could to make the law workable m the
interests of its beneficiaries,

It is apparent that occupational diseases differ in their nature mate-
rally from injunies by accident The latter are generally attributable fo
an event definite as to time and place. In the case of occupational dis-
eases, however, there is generally a considerable period of gradual con-
traction, extending 1n the case of some diseases over a period of many
years. When does the injury occur, when does the right to compensation
anse, when must notice be given to the employer, from what date does
the period withm which claim must be made begin to Tun? Specific pro-
visions on these pomnts are necessary Generally, it has been found that
the date of disability should govern m this respect. -

But even the wse of this term is not sufficient. It requires deﬁ{nhun.
Just what conshtutes disability? Is 1t the time when medical care is first

required even though there is no loss of time from work? Certainly from

» medical viewpoint, disability would seem to exist at that stage Is it the
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tune when the occupational disease can first he dagnosed as such? Cer-
tainly an mjury has been suffered by the employee in such a case although
he may be perfeetly able to perform Jus usual daies What of the ease
where a man may be merely sensitnve to some substance i his employ-
ment but 15 suffering from no actual physical meapacity? Can he be con-
sidered to be disabled? These are actuval cases that were presented to
courts for determmation in the absence of specific provisions on these
points Generally, 1t has been found that the preferable critenon 15 the
actual physical incapacity because of an occupational disease to perform
work This would seem to conform with the general understanding of
the term disability and 1s g Iy prod of results,
T have mentioned the nccessxty for defi Tlus 15 of ad

to all parties As a matter of fact, some laws which provide for a brmd
form of coverage have received more sestricted mterpretations than those
where the discases have been speaifically Listed. For example, in Massa-
chusetts the law as onginally enacted in 1911 contained no reference to
accidental injury but merely to mjuries as such Over the years 1t has
been interpreted to cover certain occupational discases but it was not
unti] 1929, for cxample, that 1t was defiitely held to cover silicosis More
recently in 1910, in Smith's Case, 30 N E 2d 536, 1t was held that tuber-
culosis contracted in the course of employment i a hospital where per-

sons suffermg from such disease were treated, was not compensable
beeause 1t was not an mjury within the meaning of the law The com-
pensation act of that state has since been amended to cover cases of that
type In Arkansas, on the other hand, under the scheduale in that state,
such a condition would have heen compensable 1 the first place,

Occupational discase cases, moreover, often present difficult medical
questions It has been found helpful to have such questions passed upon
by a Medical Board, This avouds the necessity of having admimstrators
deerde cases on the bass of what sometimes tums out to be sharply
conflicting medical evidence For example, here i New York we have
a committee of epert consultants on dust diseases Impartial medical
opinton an cases of tus type 1s of particulir value

Recenth, i one or two states, provisions for such Medical Boards
have been held unconstitutional, but 1 beheve that those decisions were
based on the particular provisions imolved in those cases relating to the
preparation of a record for review i case of appeal to the courts, and
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that properly created there should be no constitutional objection to the
evistence of such Boards.

Without speaific provision, ambiguity may exist unless the law imposes
some time limit within which disablement or death must occur If this
were not done clarms may be made for adments due to old age and the
general hazards of hife, rather than the evposure suffered as a result of
employment, Some laws provide that the disease must have been con-
tracted within one year from the last imnjunious exposure Since the date
of contraction 1s often difficult to determine, a law fiung the period as
of the last injurious exposure would seem more explicit and, therefore,
more desirable.

Another pomnt which warrants specific treatment concerns the exposure
to the disease m the last employment As Mr. Sayer has pointed out, most
laws provide for habihity on the employer who Jast employed the worker
There are sound reasons, however, for mitmg this general puneiple in
the case of sihcosts and asbestosis by providing that the only employer
hable shall be the employer 1n whose employment the employee was last
injuriously exposed for a certam period of time, for example, 60 days
Otherwise, Irability might be imposed on an employer who had employed
the disabled employee for a brief period and mamifestly the imposition
of a hability for comp for total disability for an exp of brief
duration would not be equitable

Mention has been made of varous features of the law, the specific
treatment of which will ehmmate to a large extent the field of contro-
versy However, I think we would all agree that it is as important, if not
more 50, to avoid the contraction of such diseases Prevention should be
stressed as well as compensation In this field as well the Saranac Labora-
tory, in adding to our knowledge about vanous diseases and pamcu]arl.)'
the dust diseases, has enabled the adoption of preventive measures It is
only by such additions to our wealth of knowledge that the hazards of
such diseases can be controlled, -




CHAPTER 37

The Management Viewpoint

ANDRFW FLETCHER®

‘the problems of management vary 1w cach wdustry, and therefore 1ty
viewpoints on compensation, as well as on other matters, are very dif-
ferent. § heheve that it may be more constructnve 1f my comments are
on a rather broader basis, mstead of being confined solely to pulmonary
and other occupatronal disease compensation I am not speakmg today
as an officral of the Industnal iy gene Foundation, which 15 a research
orgamization, and therefore eannot take posttions on social or cconomic
matters, such as we are at preseat consdering,

Management 1s bemg faced with compensation payments for all hinds
of vanous s, for cxample, Rhode Island s now pavmg compensation
for sichness 1w addition to compensation far ocevpational discases or
acaidents, and twehe other states are considenang similar legislation
Occipational discase laws are bemg contmually liberalized, such as the
New York proposal of partial disability for sihcosis Some unwns have,
and others are seching Tlealth and Welfare Funds It scems to me that
m our desire to ard mankind, we are m danger of enacting a lot of laws,
ereating funds, sctting up mwimance plans, both private and govern-
mental, withont any sery well-planned program, or withont any ven
clear idea as to pust what the result wafl be

1t snay simphfy our inmediate problem to consider just whs compen-
satton Iaws were adopted and so to reahze how {ar we have wandered
from the ongmal objctive of the 19171922 perod

In Schiesder’s second ediion on Compensatin Law he stated

Stititres <how that approvimatel 107 of the indmstnal accdcute
causing isrbility are dite netther to the fault of the employer nor the

* Presdent St Joupls Le ud Company, New York \ea York, Chanman aod Teeas
any, Indostnd Yhpene Foundmon of Amenca, Ditsborgh, Fennshanit
59
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that properly created there should be no constitutional objection to the
existence of such Boards,

Without specific provision, ambiguity may exist unless the law impases
some tune limit withm which disablement or death must occur. If this
were not done clums may be made for allments due to old age and the
general hazards of life, rather than the exposure suffered as a result of
employment Some laws provide that the disease must have been con-
tracted within one year from the last injunious exposure. Since the date
of contraction is often difficult to determine, a law fixing the period as
of the last injurious exposure would seem more explicit and, therefore,
more desirable

Another pomnt which warrants specific t concerns the expos
to the disease i the last employment As Mr Sayer has poted out, most
laws provide for hability on the employer who last employed the worker.
There are sound reasons, however, for limiting this general prineiple
the case of silicosis and asbestosis by providing that the only employer
lable shall be the employer i whose empl the employee was last
mjuriously exposed for a certam period of tume, for example, 60 days
Otherwise, hability might be imposed on an employer who had employed
the disabled employee for a brief period and manifestly the imposition
of a hability for 7 for total disability for an evposure of brief
duration would not be equitable.

Mention has been made of various features of the law, the speafic
treatment of which will eliminate to a large extent the field of contro-
versy. However, I think we would all agree that it is as important, if not
more 0, to avoid the contraction of such diseases Prevention should be
stressed as well as compensation In this field as well the Saranac Labora-
tory, in adding to our knowledge about vartous diseases and partecularly
the dust diseases, has enabled the adoption of preventive measures Tt
only by such additions to our wealth of knowledge that the hazards of
such diseases can be controlled -
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employee. Hence, this 40% of such accidents and the additional 30%
which are due principally, though not intentionally, to the fault of the
employee, have not been compensated under our pr p statu-
tory and common law system, for the reason that compensation or dam-
ages under that system depends entirely upon establishing the fact of
fault or neghgence of the employer as the provimate cause of the per-
sonal mjury. This means that approuimately 70% of the wage loss caused
by disability, due to industrial or work accidents, was borne by the
workers themselves

What the American workman wants most s security, and he never
would have hapmly accepted the 70 per cent of the wage loss caused
by disability. Manag rightly pted the establishment of work-
men’s compensation laws However, what concerns management is that
there are forty-eight States, and forty-seven States have compensation
laws with many different provistons. The situation is further complicated
within a state—I am told of one company in which they are given dif-

ferent verdicts on the same set of ci from p
boards 1n neighboring commumties withm the same state. I am also told
that some panies find th lves paying comp ion in cases where

no time 1s lost—their words for it are that they are “compensating for the
miseries,” back pams, etc. Now, what management would Iike is 2 uni-
form compensation law, with only varying compensation rates based on
economic conditions 1n the different states. If such a law should ever
prove practical, I would suggest that the maximum allowable concen-
trations for the safe dust or fume concentration, etc, should not be set
mn the Jaw but possibly in the administrative codes prepared by the State
Departments of Health after adequate information is available, Unfor-
tunately, there are not many Saranac Symposit and all patit 1
hazards are not given the same study that you have given berylhum
poisoning and Shaver’s disease, dunng the last four days. In most cases
I do not feel that enough scientific data is available for legal enforcement
of maximum allowabl fons proposed for the codes.

Some day industry will have the benefit of a uniform compensation
law and codes Even when this happy day arrives, I believe that the fol-
lowing suggestions will be just as practical as they are now*

1. Convince the company or orgamzation that you waork for that there
is no better way to make money than by lessening accident hazardf

The St. Joseph Lead Company has made money by Tessening accidents.
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In 1923 the cost per $100 of wage and salary roll of our Southeast Mis-
souri Dwvision was $351, with 10 cents for safety department expenses,
last year 1t was 58 cents, with 56 cents for safety The indirect cost of
accidents Is usually gured at three tunes the direct cost Based on last
year's wage and salary roll, the saving per $100 of wage and salary for
this dwision alone was $11 26 (table LXXVIII)

TasLe LXXVIII  cost oF accinenys per $100
OF WAGE AND SALARY ROLL

Dt Indimecr Safery Toral
1923 $3s1 0 $1053 .00 Sl4l4
1946 58 14 6 188

Saving $1126

With a payroll of around 10 millions for this division, the saving 1
it g costs, mcleding the I indirect acaident expenses, 15
over one million dollars per year.

1 am also convinced that improved working and livmg conditions are
just as good investments as accident prevention, I am not “hard-boiled.”
as T am definutely nterested m the personal happiness and well beng
of our employees—but 1t is usually easier to talk money saving, and not
about the happiness that good health and accident prevention bring

2 I your nisk 1s not large enough to be 2 self-insurer, which I beheve
1s ustally desirable, then msure your compensation nsk with the com-
pany which will make quick and fair settlements, Be liberal, especially in
doctor and hosputal expenses When an tosurance carrier 1s on the nisk,
management shontd st} particapate 10 the bandling of compensation
clawns to see that employees are fawly treated

3 Management should at all times take a direct mterest 1 employee
rélationships, and, as already mdicated, one of the most mmportant is
workmen's compensation clams Keep away from lawyers, unless you
ate sure that the claim 15 unpust—~when 1t 15, then employ the best lawyers
and fight the claims to the very end, even if the cost of a settlement 15
less than the cost of fighting the claun.

So much for compensation for accidents, which is the sumplest phase
of the problem, Now, let us consider oceupational disease Certamn jndus-
tnes have definte occupational hazards, Industry should and must com-
pensate the mjured employee, just as if the njury or sickness was an
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accident, whether there is a state law to cover or not, In my opimon,
state laws for occupational diseases should have listed coverage and not
general coverage, and I do not feel that ordinary discases, such as pneu-
moma, should be included, even though 1n some industries working con-
ditions are pecessanly rather severe The costs for protecting the man
and bis family against occupational hazards should be included as a
production cost of the industry However, it must be realized that com-
pensation for occupational disease 1s much more difficult than for acci-
dents,

Accidents can usually be recognized as such, even by a layman. For
example, if an employee 15 bruised or seratched or has a broken leg, the
facts are self-evident. This is not true of occupatronal diseases which
sometimes require very careful exammnation, includmg exhaustnve tests
to make a diagnosis. As an extreme example, we have had a number of
cases from our lead smelter at Herculaneum and even from our minmng
and milling operations m southeast Missouri, where we have no Jea
poisoning hazard, of empl with appendicitis who have er 1
been diagnosed as having acute lead poisoning. We have had a case
filed at our Josephtown zmc smelter, where the only lead in the Plant
15 m the name St Joseph Lead Company on the stack! It is true that 2
correct diagnosis can usually be made by thorough exammnation How-
ever, an employee who 1s told by lus doctor that he has “lead colic” and
who has some symptoms that seem to bear out this diagnosis, will feel
that he has not been treated faurly if he does not recene compensation
for time lost—but he 1s not entitled to any compensation.

‘The responsibility for industrial accidents can usually be determined
without much difficulty, that 1s, no particular effort is ordinanly required
to ascertain if an aceident arose out of or in the course of emplayment.
Such 15 not the case with oceupational diseases. If a man, who warks in
a lead smelter, develops lead powsoning, it is a natural assumption that
Ins Jead poisoning arose out of and 1 the course of his employ ment, but
this 15 not necessarily trve For example, Dr Walmer of the Industual
Hyguene Foundation staff, has told me of a man, who while worhing over
solder pots was closely watched by hus employer for signs of Tead colic,
Although adeq feguards had been provided, suddenly he showed

P of lead poisomng—careful mvestigation disclosed that thf
working environment was entirely safe and completely satisfactory. Fi-
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nally, the man supplied the clue—he had been spray paintng furmture
m a closed basement, without ventilation of any kind, and 5o was inhaling
lead at home

Generally, the results of accidents can be determined soon after the
accident occurs, and the case disposed of according to the law Results
of occupational diseases often show up years after exposure, A man may
work m an exposure of free silica and develop sihcosis which at the time
causes no symploms He may ]atcr. while \\oxhng for another employer,
bli bereul posed on the silicoss, It will be
readily seen that although emplo) ers may be perfectly willing to accept
responsibibity for occupational diseases meurred by their employees as a
result of their employment wath that company, it may be quite difficult
for them to avoid responsibihity for occupational diseases resulting from
exposure elsewhere About the only way employers have of protecting

develop a d

themselves agamst paying for occupational diseases ncurred elsewhere
1s by (1) a thorough physical entrance examnation of each applicant
for work, (2) careful inquiry into the previous employment history of
each applicant, (3) until second mjury laws or waiver provisions have
been adopted—rejection of every applicant who has, or may have, an
occupational disease mcurred elsewhere

If the above practices should be followed bv an appreciable number
of employers throughout the country, 1t would make it difficult for an
individual to obtam employment once he had worked any place where
there was exposure to conditions that might cause occupational disease
This, n turn, would make st difficult for companies whose processes
include exposure that might result m occupational diseases to obtain
employees—however, 1t would serve as an mcentive to improve working
conditions 1n hazardous plants

In order that employees may not be barred from future employment,
states should be very careful about including occupational hazards in
their compensation laws untsl mformation 1s available to show that an
actual hazard evists When a commuttee of doctors assumes the respon-
sibility of deciding how disabled a man 15, they must be familiar with
his work T know of two muners, who from any A-ray dragnosis would be
totally disabled, but who today ate doing a full day’s worh In the first
place, ther sthcoss 15 uncomplicated, and by working quietly and
steadily they break just as much rock as the healthy yonng man who
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accident, whether there 15 a state law to cover or not, In my opinion,
state laws for occupational discases should have listed coverage and not
general coverage, and I do not feel that ordinary diseases, such as pneu-
monia, should be included, even though in some industries working con-
ditions arc necessarily rather severe. The costs for protecting the man
and his family against occupational hazards should be included as a
production cost of the mdustry However, it must be realized that com-
pensatton for occupational disease 1s much more difficult than for acci-
dents,

Accidents can usually be recogmzed as such, even by a layman For
example, 1f an employee is brussed or scratched or has a broken Jeg, the
facts are self-evident. This is not true of occupational diseases which
sometimes requre very careful examination, mcluding echaustive tests
to make a dragnosis As an extreme example, we have had a number of
cases from our lead smelter at Herculaneum and even from our mining

and millmg operations m southeast Missouri, where we have no lead
3

poisoning hazard, of employees with appendicitis who have er
been diagnosed as having acute lead poisoning. We have had a case
filed at our Josephtown zinc smelter, where the only lead in the Plant
15 in the name St Joseph Lead Company on the stach! It is true that a
correct diagnosis can usually be made by thorough evamination How-
ever, an employee who 15 told by his doctor that he has “lead colic” and
who has some symptoms that seem to bear out this diagnosis, will feel
that he has not been treated faurly if he does not receive compensation
for time lost—but he 1s not entitled to any compensation.

The responsibility for mdustrial aceidents can usually be determined
without much difficulty, that is, no particular effort is ordinarily requised
to ascertamn if an accident arose out of or in the course of employment.
Such 1s not the case with occupational diseases If 2 man, who works m
a lead smelter, develops lead poisoming, it is a natural assumption that
his lead poisonmng atose out of and in the course of his employment, b‘l"
this 15 not necessanly true For example, Dr Walmer of the Industrial
Hygrene Foundation staff, has told me of a man, who while workmng over
solder pots was closely watched by his employer for signs of Jead colie
Although adequate safeguards had been provided, suddenly he showed
symptoms of lead p ing ful ion discl 5 1 that the
working environment was entirely safe and completely satisfactory. Fr-
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nally, the man supplied the clne—he had been spray pamnting furniture
ina closed basement, without ventilation of any hind, and so was inhaling
lead at home

Generally, the results of aceidents can be determined soon after the
aceident occurs, and the case disposed of according to the law. Results
of occupational diseases often show up years after exposure. A man may
work 1n an exposure of free silica and develop silicosis which at the tune
causes no symptoms He may later, while working for another employer,
develop a disabling tuberculosis superimposed on the silicosis It wall be
readly seen that although employers may be perfectly willing to accept
responsibihty for occupational diseases meurred by their employees as a
result of their employment with that company, 1t may be quite difficult
for them to avoid responsibility for occupational diseases resulting from
exposure elsewhere. About the only way emplayers have of protecting
themselves agamst paying for occupational diseases mcurred elsewhere
15 by, (1) a thorough physical entrance exammation of each applicant
for work, (2) careful inquiry 1nto the previous emplovment history of
each applicant, (3) untl second mjury laws or wawver provisions have
been adopted—rejection of every appl
occupational disease incurred elsewhere

If the above practices should be followed by an appreciable number
of employers throughout the country, 1t would make it difficult for an
mdividual to obtam employment once he had worked anv place where

who has, or may have, an

Pp

there was exposure to conditions that might cause occupational disease
This, 1 turn, would make 1t difficult for compames whose processes
melude exposure that might result n occupational diseases to obtain
employees—however, 1t would serve as an incentive to 1mprove working
conditions i hazardous plants

In order that employees may not be barred from future employment,
states should be very careful about mcluding occupational hazards in
therr compensation laws until wformation 15 available to show that an
actual hazard evsts When a commuttee of doctors assumes the respon-
sibility of deciding how disabled 2 man 1s, they must be fanuliar with
his work T know of twe mmers, who from any X-ray diagnosis would be
totally dhsabled, but who today are domg a full day’s work In the first
place, their silicosis 15 uncomplicated, and by working quietly and
steadily they break just as much rock as the healthy young man who
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works 50 hard for a few minutes that he has to sit down and have a
smoke, Before the commuttee of doctors are able to make any competent

as to the pel ge of disability of any employee, they must
be famihar with his work and have some standard as to what is a fair
day’s work. They certainly cant properly handle a mine case, for exam-
ple, if they don't take the time to go underground and see just what the
working conditions are When the medical committee is thoroughly com-
petent, I feel that their decision should be final and industry should not
have the right of appeal.

One often hears it said that the amount of maximum weekly compen-
sation provided for by compensation laws should be inereased i hne
with the increased wage levels and cost of living. There is some ment
to this view, as an amount of money that provided a mmimum Lving
for a person a few years ago is no longer sufficient for him to “get by.”
However, 1t should be recalled that some fifteen years ago, when wages
and cost of hiving were at an abnormally low Jevel, it was thonght by
many that the amount of comp jon paid for disability from accident
or occupational disease was too high. Changes in compensation payment
schedules are not easily made, and 1t is especially difficult to lower the
amounts pard If an honest day’s work is done, it may be possible to
mamtain the present high wage and salary rate. If so, then a careful
study should be made of the maximum weekly compensation, and on the
basis of the cost of living, which varies greatly in the different states
It should be remembered that we are all human—and it would be a great
mistake to make 1t more profitable to be sick or injured than ft for a
fair day’s work We should not forget the adverse cffect on the general
economy of the 26 weeks’ postwar unemployment relief statute )

Now 1 conclusion, I would Jike to make a few comments abont sick
leave with pay, pard holdays, sickness and welfare funds, etc I hnow

that everyone is sick now and then, and I think everyone should put
*_however, I do not think that the
serve as

aside a reserve for the “ramny da
government, or the state, or the union, or the employer should
2 nursemaid for the employee, because I feel that the employee and hus
family should decide how he should spend his well-earned money I '“:
defimtely agamnst any policy of paying for time not worked, for paying
subsidies for food not planted, for Lilling Lttle pigs, etc , as the only way
to improve the American standard of hiving is by increasing production,




The Monagement Viewpoint 565

not by less production Although mdvidual cases can probably be eited
to show that such social movements, as sick leave with pay, have done
some good and have occasionally kept people from being on chanty, the
long-term view is certamly most unsatisfactory. Such a pohicy definutely
tends to destroy natural thmftiness m indiiduals and encourages em-
ployees to depend on employers and the government to take care of
them under any and all ercumstances, all of which must eventually
Tesult m national detenoration

If, as is the case with small companes, who do not have sufficient
spread to become self-insurers, an employee wishes to jom with some of
lus associates and form a welfare association, or even take out a Hos-
pitalization Plan—such as the Blue Cross—I can see no great objection
In the case of a welfare orgamization or in the payment of claims under
an insurance pohcy, I believe, however, that the employees should handle
the clamns themselves, because 1f they do, thev will not take advantage
of each other, as they often do of an msurance company, especially 1f
an mnsurance company scttles the sickness clums For a five-year penod
the average payment per employee 1 our Southeast \fissourt Division
for sickness coverage under the vanous Mutual Aid Associations and with
an average base payment of $12 33 per week, was $6 00 per year and the
cost was $483 The best proposal that we have been able to obtarn from
an insurance carrier was around $11.68 per year per employee, because
they felt that they would pay out 1 claims around $9 50 per year, nstead
of less than $500 per employee as per our Mutual Aid Associations’
fBgures

Taste LXXIXN  ER CENT OF SHIFTS NOT WORKED

Group Reasons for absence 130 1941 1942 1943 1944 1945 1946
1 Industrial mpury 15 15 16 2 %2 43 38
2 Sickness 126 131 104 126 209 198 147

3 Personal reasons, including il
defined and unknown causes,

tllness or death 1n family 87 85 173 230 297 351 260
Torar 228 231 293 378 538 592 445

1 strongly urge that all compames heep absenteeism figures, and find
out just how much time 15 lost—the above figures for the Southeast
Missoun: Dinvision are of interest (table LXXIX)
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As under the Workmen’s Comp ion Laws empl are com-
pensated for time lost through mdustrial injury, we can eliminate this
subdwision from consideration 1 a sickness caleulation. T think you will
agree that an employee should not be paid for time lost because of per-
sonal reasons, so we can also eliminate the third group. Therefore, we
are interested in Group 2 which shows the time Jost through sichness
The average of the above for the seven-year period is slightly less than
15 per cent; the time actually lost, on the basis of the emplayees’ own
statements to us, is therefore slightly less than five days per year on a
six-day week, and less than fom days on a five-day week, as workable
shifts are between 245 and 255 per year, depending upon the vacation
peniod I know of a company which in the eatly months of 1946 granted
tts men 8 days sick leave with pay, while on a five-day weeh—they
actually averaged over 8 days sickness during the next 12 months, mstead
of their former five-day loss from sichness, It is always a great temptation
to get hung for nothing! What t must do, if we are to
maintam our competitive position m the world markets, is to try to guard
agamst mdirect wage mcreases which ustally promote inefficiency, such
as sick leave with pay, paid holidays, etc.

In my opinion, management should urge states and unions to be very
cautious in setting up sickness and welfare funds. Do not let us try to
control the life of an individual from the cradle to the grave by vanous
funds, etc —most indviduals will take care of themselves, especially if
they are forced to Let us pay industral wages directly and not indrectly
by settmg up funds However, when funds are set up, then industry
should aid i thetr proper adnunistration, I was very pleased to hear that
Dr. Sayers will be the Meducal Director for the very large fund that has
been built by the coal mdustry Under Dr, Sayeis” direction there is at
least a fair chance that the fund will be properly handled for the best
interests of the contributors—the employees, the employers, and the
consumers of coal, who are now paying a higher price per ton.

Provided umnons, tion hoards, medical comant-
tees, and everyone d with the L jon situation, work
together, and with confidence n one another’s integnty, T am sure that
all of the problems which we are now facing will be readily solved The
solution of such problems makes our country greater. and insures a con-

tinuation of the Amencan way of hfe
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Discussion

VANDI'LR BROWN®

1 fear that anything I may have to say regarding the management view-
point on compensation for pulmonary and other occupational diseases
will be somewhat redundant coming as 1t does after Mr Fletcher's re-
marks on this subject However, I can at least underscore a few of hus
thoughts

In the first place, there 15 not the shghtest doubt that the overwhelming
weight of opinion 1 American mdustry 15 in favor of compensation for
diseases which are #ruly occupational 1 character Quite properly man-
agement measures the problem with the same yardstick it applies to

workmen’s comp for industrial d As a result 1t finds that
m the long run all the mterests Iy ed—th ployer, the employee,
and the benefited 1f pational discases are P

sated 1 the same manner as traumatic mjures, rrespectve of fault on
the part of the employer or of contributory neghigence on the part of the
employee As Mr Fletcher points out, management can justify this view
on a purely dollars-and-cents basis without taking to account the 1m-
ponderable values Although the employer must pay something 1 all
cases, he has a top hmt placed on his habiity and 1s spared the hazard
of commutting the corporate surplus to the tender mercies of a jury with
advanced 1deas concermng the redistnbution of wealth On the other
hand, the employee, although he foregoes the gamble of an occasional

windfall—~generously shaml with his lawyer—nevertheless has the assur-
ance of ly ad

q even though he may
have lechmca\ly ‘assumed (he nsL of emp]nyment or been mlurcd by a
“fellow servant” or neghgently contnibuted to his injury It follows axio-
matically that the community benefits by having fewer capacitated
persons on the chanty rolls or on relief
T can think of no better way of illustrabing management’s view of com-
pensabion for industrial accidents and occupational diseases than to tell
you what great concern was felt by my own company—]Johns-Manwille
Corporation—uhen, after having decided to erect a new msulating board
\o:kS»cxe(.\rV and Generat Attorney, Johns-Manille Corporation, New York, New
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plant in southwest Mississippi, we learned that this was the one state
m the Umon wiuch had no workmen's compensation law, Of course we
went ahead with our plans but we are hoping that early corrective meas-
ures will be taken by the state legislature. Mississippi, by the way, bas
been making rapid progress mdustrlly during the past few years under
the guidance of an able and enhghtened group of citizens and we fecl
confident that they scon will be able to semedy the existng sitvation.
It yemains our frm conviction that the worst Workmen’s Compensation
Commussion is preferable to the best jury when the issue of compensation
for an mdustral injury 1s drawn between a laborer and his corporate
employ er.

As M. Fletcher pointed out, compensation for pulmonary diseases of
occupational character presents great difficulties, first, in ascertaining
whether the disease demes from employment and, second, in ascertan-
ing the degree of disability. These factors have induced some employers
to oppose compensation for pulmonary occupational diseases and have
provided sound basis for the argument that, when they are compensated,
the law should provide for a well-qualified medical board to determine
the estence of the disease and the degree of disability.

While recognizing an obhgation for those affictions which stem from

employment, is fimly opposed to shouldering the burden
on behalf of its employ ees of “all the 1lls that flesh is heir to ™ This oppo-
sihon extends also to tuberculosis as an P al disease and to
general health surance,

As has been said, t 1l favors gt ton for true

8 g
occupational diseases, whether pulmonary or other, although it is realized

that those of pulmonary character present many special and difficult
problems. These problems relate not only to the causal connection
between the disease and employment and to the degree of disability that
results, but also to the determi of permissible concentrati of
dust, fumes, gases, and vapors in those cases where these are respon:
for the diseases What is the so-called “threshold lumit,” on one side of
which the jon can be considered hammless and on the other
side dangerous? We realize this 1s a difientt question to answer but itis
ane wlinch industry has a right to demand be answered with accuracy
and fairness if industry is to be held responsible for eliminating wosale

ht: and for P mg for those diseases that result from

operations under umnsafe conditions.

sible
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Management is not equipped to answer this gueshon but must rely
upon the experts m the medical, scentific, and engmecrmg professions
State mndustrial codes are being promulgated nght and left which dog-
matically d, 1 hope, fiv certamn d
for mdustries \vhose processes use, or create, harmful vnpors dusls ete
A tentative draft of one for the state of New Jersey has recently come
mto my hands, through the courtesy of Mr George Kruger, Deputy
Commussioner of Labor Maumum limits are prescribed for a great
vanety of materials with which I have no fammbarity, but 1t 1s my earnest
hope that these limits have been arrnved at on the basis of a better factual
and scientific background than ests m the case of asbestos The allow-
able ot for industries using this matersal 1s a “mandatory” requirement

of not more than five milhon particles per cubic foot, 10 mucrons or less
m longest dimension

So far as 1 have ever been able to ascertain no one can state with
certainty what 1s the maximum allowable imt for asbestos dust I am
certain 00 study has been made specifically directed toward ascertaming
this figure and T question whether there exists sufficient data correlating
the disease to the degree of exposure to warrant any determmation that
will even approumate aceuracy It 1s my guess that the figure was allo-
cated to asbestos erther because 1t had already been presenbed for sili-
<osis or because someone believed, like the poet, that “not faslure but low
aim 15 cnime ™ My own efforts to obtain any satisfactory answer from the
experts have been greeted with what 15 sometimes known as a “lawyer-
ke comment—that 15, an answer that says “Yes and No—or Maybe”

Johos-Manwitle Corporation and other bers of the relatively small
asbestos industry have solicited the assistance of experts and have re-
cewved their wholehearted cooperation, but even the best they could give
us has not been enough Expenmental work by Dr Gardrner here at
Saranac demonstrated faurly conclusively that the finer particles would
not produce a fibrosis either when nhaled by, or mjected into, expen-
mental animals Unlike the situation that exists i sihicosis, where the
finer particles are the worst offenders, 1t appears that the large fberhke
particles of ashestos (20 to 50 ymerons 1n length and 1 to 8 m thickness)
do the damage Unfortunately, Dr Garduer was unable to make a report
on fus experiments 1t 1s onr hope that one will be forthcoming before
the end of this year hased upon his prelmunary findings, notes, and con-
clusions, M the drafters of industrial codes will p bly con
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tinue to provide us with standards which have no roots in expersence but
which take their sustenance, hike orchuids, from the air and, m the case
of asbestos, will relate therr standards to the mnocuous sizes of dust and
leave unmentioned those of the character that presumably can have some
1ll effects.

T mentioned before that most representatives of management are still
PP d firmly opposed—to general health insurance “Cradle-to-
grave” and other paternalistic programs we believe weaken two of the
principal supports of our capitalist system, namely, indvidual incentive
—the assurance that for a greater expenditure of effort one will recene
a greater reward, and habits of thnft—whercby a person eating beans
today may put aside the wherewithal to dine upon sirloms tomorrow or
at worst still be able to procure beans for the pot without recourse to
chanty—either private or governmental. Furthermore, by “saving for 2
rainy day” (on which one will m all likelthood cantract pneumoniz) the
thrifty soul is also able to afford doses of whatever new wonder drug may
be 1n vogue at the time.

Our strength lies in our productivity Incentive 1s the sparh-plug of
production. If we wrap the mdividual 1n the cotton-wool of complete
security, he will Jack incentive and produce nothing, The issue molved
in health T n mini: the world-wide rdeological
conflict of the present day The opponents of our system have dustilled
the essence of their philosophy into an alluring epigram. “From each
according to his ability, o each according to his need.” At first glance
this may seem like the finest flowenng of the Christian ethie but this &
an illusion The Chnstian ideal also mcludes such ancient wisdom as
“God helps them that help themselves” and my own Presby ternan dogma
includes the doctrine of “original sin.” The Marvian dogma, on the other
hand, overlooks the Adam that 1s 1n all of us Production was unnecessary
in the Garden of Eden and Adam produced nothing Most men n a
similar situation today would produce notlung. There wall be lacking
the urgent necessity—the incentive The more talented, dustrious, :mf‘
productive under a perfect socialist state will produce far less than their
supenor abihties would permit because of their knowledge that they
will not enjoy the fruits of their labors The less energetic or felligent
will produce as little as they can get by with because they have been
assured that the state will provide for their needs In this cconomic
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chmate p will ) my op fall far below the
level of the requirements of more than a fraction of the population At
that point, the all-powerful state will be campelled to apply the other
means of getting production out of mankind, namely, the lash—forced
Iabor and concentration camps—such as already exist jn the Communist

states And what of those states that have advanced only part of the way
toward the Manian Utopia® The answer hies i the current situation
m Britain That ancient home of the Mother of Parhaments, of Magna
Charta, zud of the Petttion of Rights, after two vears of apphed Marxsm,
15 now about to engage n the peacetime conscription of Iabor, a step
dafferent only m degree—not m khind—~from the barbaric measures long
since adopted by the Manuan Fatherland Such steps are mevitable if
the paternaltstic State 1s to support its populition at even shase-the-
misery level

You all know the parable of the donkey There are two ways to get
him to pull the cart One 1s to dangle a bunch of carrots a short distance
m front of hus nose, and the other 15 to use a black-snake whip or to buld
a fire under hus belly-—the last inentioned expedient sometimes resulting
m Jus moving forward just far cnough to burn the cart Qur own system
by and large std] adheres to the carrot philosaphy and 1 for one believe
that ours 1s the path of productvity and of power and, as Wendell
Willhe said, that “only the productive can be strong and only the strong
can be free.”

The stabistics submutted by Mr Fletcher very cleasly evemplify the
pomnt I have tried ta make They shaw that 1f an employer provides com-
pensation for a given number of days of sickness, he will find that the
employees will be nonproductive on almost evactly the identical number
of days,

A less general objection to health msurance laws, as enacted 1n Rhode
Tsland and Cahforma and as proposed m a number of States, is the chs-
advantage suffered by an mdustry 1n one State which 15 burdened with
these added costs when st attempts to sell its product m competition
with that of another industry m a neighboring State which has no such
law. We do not behieve m laws of this type but of the philosophy of
secunity from “womb to tomb” 1s ta be our doom, let these laws be ftted
mto a national socwal secunty system so that they will be appheable to
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everyone equally and at the same time, and let the buxden—tbmugh
taxation—rest on the community as a whole.

Further Discussion

MR, waTeRs  Thank you, Mr Brown. That was very well done. Mr,
Fletcher’s paper and Mr. Brown’s paper will now be open for discusston
1 believe we have in the audience Mr. McMahon, the Managing Director
of the Industrial Hygiene Foundation of America. Mr, McMahon, would
you be kind enough to say a word?

MR, MeMAnoN®  In the experence of the Industrial Hygiene Founda-
ton, the problems of occupational disease control are shrinking Mr.
Nelson referred to the fact that in Wisconsin they had largely elrmmnated
siltcosis and that lead poisomng was gomng i the same direction In vary-
ing degrees, I think, that 15 true throughout the country. The current
mterest of much of ndustry 1s i what you might call positive industnial
health,

That 1s lustrated by a study which we are now undertaking and
which will attempt to devise ways and means of protecting men in hot
mdustries from exposure to high temperatures

Occupational disease prevention 1s usually a matter of improving work-
ing conditrons. We are currently engaged in working with a large chemi-
cal company 1n the design of a series of new chemical processes with 2
view to bulding maumum health protection nfo the processes them-
selves The program even includes the nstruction of the plant managers
1 the operation of those plants

Studies are also bemg made for a number of industnal associations,
checking the different plants within the same industry, and reviewing
the good and the bad practices The exchange of pertment nformation
which results belps to improve working conditions on an industry-wide
front,

So, the emphasis 1s on postwe ndustnal health, The Foundation,
through the assistance of Dr. C. O. Sappington, has completed a two-
year survey of mdustrial health facilities. Almost three hundred plants
were covered m ths study, which shows, among other things, that most
compantes, or most plants, now have some industrial health service.
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About thirty-three per cent of them had some industrial hygiene service
m varying degrees. The reactton was quite unsform, as Mr., Fletcher
brought out, that heaithful working conditrons are just good busmess
Good working conditions attract a good type of employee and that means
a good product

As Charles Kettering has said, “The better the working conditions, the
better the attitude of the individual and the better the work.” It's pretty
clearly demonstrated that this pays off on the economic side, and st is
important to bring this out 1n order to get action

To emphasize the positive approach further, we found in this study
that, n more than half of the plants visited, the preplacement physical
exammnation is no longer regarded stmply as a measure to determine
whether the man lis an occupational disease disposition, a rather nega-
tive approach, but 1s used to help n the successful job placement of the
indrvidual

We think this adds up to ths basic concept  there 15 no longer a ques-
tion of whether or not ndustry will sponsor industrial health, but rather,
can a company afford not to engage in industrial health activities.

But aside from the tangible economic benefit to management, the -
measurable mtangibles are perhaps even greater, for just one thing,
health promotes harmony, and harmony 15 ore of those things that we
can all use a lot more of these days



CHAPTER 38

Medical Referee's Point of View

DWIGHT O'HARA, ALD.®

In accepting this assignment, I am first of all aware of the lmited
nature of my own expenence and consequently my lmited right to
express what may or may not be 1n the minds of others Because there
are varations 1 what the Jaws require m different parts of the country,
as well as varation m the attitudes of different individuals, I cannot
hope to develop the viewpoint of the panel physician in 2 manner that
will represent all that has evolved in the minds of those who serve in this
capacity It would be a relatively simple matter to state what the view-
pomt of the panel physician should be, none would quarrel with an
ideahstic descripion of the perfect referee—one who sees all, knows all
is mfintely wise and impartial, and whose opimon is always correct. But
the panel physician’s opimon cannot always be correct It 15 sometimes
a forced opmion concermng the effect of a complex environment upon
the even more comples physiology of man And even when it is, or seems
to be correct, 1t may be an opmion that 1s impossible to substantiate in
the minds of those who may not, for understandable reasons, wish to
concur

Not long ago I talked with an engmeer who found it difficult to under-
stand the principles used by the Almighty i constructing the human
body He sad 1f he were to design a machme the responses of which
were to depend upon, among other things, a constant pressure of fuid
within a system of pipes, that the first thing he would do would be to
arrange a pump which delivered the fluid under a fived rather than an
intermittent pressure And when 1t came to locomotion he sad that any
engineer would naturally employ wheels nstead of trymg to balanc‘t‘
his machine on these great ganghug things called legs This engineer's

® Dcan, Tufts College Medical Schaol, Boston, Massachusetts
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opmion of the human machine was that 1t was unnecessanly complheated,
1 think the panel doctor could often share this view, for the compleities
of the matersal with wlnch he has to deal are great mdeed The doctor
15 sometimes forced to form an opmion upon what an engmeer would
comsider wsufficient data If the trails of cause and effect are lost in the
domain of physiology and pathology, he may find that the avalable facts
really do not authorize hitm to form a decisne opnon at all, yet he 1s
nevertheless the one upon whom the authonty for an opinion seems to
have been conferred
Doctors are accustomed to this sort of thing, bowever, and they have
*devised ways of meeting it One of the ways to cope with an unknown
quantity ts to give 1t a name This masks the fact that httle or nothing 15
known about 1t and gives everyone a comfortable fechng that somebody
understands the 1ssues imolved While this may seem fraudulent it 1s
not a complete fraud, for even a tentative diagnosis may become a useful
starting point from which further knowledge will be found to clanfy the
situation On the other hand, a diagnosis may have the opposite effect,
becomng the hopeless ashean into which the whole troublesome matter
1s dumped and forgotten
The appearance 1n Massachusetts a few years ago of what has now

been called chrome beryllum p ded a good 1l

of the power mherent in the diagnosis Two medlcal diagnoses were put
forward for this alorming senes of cases when they first appeared in the
fluorescent lamp mdustry Neither diagnosis satisfactonly explamned the
disease or the circumstances under which 1t enginated, but each of them
attempted to descnibe at least one aspect of the conditon as 1t first
became known By postmortem exammnaton there had been revealed
what appeared to be a chrome nflammatory lung condition which under
the microscope resembled sarcoid discase This diagnosis however tended
to place the disorder in a category which had never been associated with
industry, and winch psychologically turned its back upon any mplication
of industnal etiology The other diagnosis was that of chiemical pneumo-
nitis Tlus, too, was unsatisfactory because the alleged chemical was
unknown, but 1t was used because 1t retaned an industnal mterest 1n
the cond unti} further might build up a better under-
standing of what was taking place I think the panel physician would
be grateful 1f 1t could be more widely appreciated that the diagnosis
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must frequently be a working hypothesis rather than a decisive statement
of cause and effect.

The diagnosis may be even a description of factual fndings and yet
fail to elucidate the cause and effect relationships, as the following case
fllustrates. A man, age 76, was struck by an automobile a year and a half
ago. He had been severely hurt, receming a fractured faw and a con-
tusion of the chest wall which had been follawed by hemopericardium,
undoubtedly of traumatic ongin Slowly he mended, but at the end of
six months there supervened heart muscle failure, and at the time I saw
him a few weeks ago he was recovering from his third and most severe
attack of eardic decompensation. He has niot been able to work and he
naturally believes that his heart attacks are entirely consequent to hus
injury. Certamly none can say that they are not I do not believe this
man will live very Jong, and the question of whether his death will have
been caused by the aceident, or by what is not uncommonly a natural
cause at the age of seventy-six will be a nice one. The diagnosis may be
clear eut—especually 1f a postmortem examination becomes available—
but 1t may not prove the point at issue. The decision would then become
a matter of opimon and compromise, and the doctor may not he able to
make any special contribution in spite of the fact that both sides wilt
feel that ke should be, or hope that he will be, in 2 position to support
ane or the other. T am well aware of the probability that most Boards
and Courts would not hesttate to find m favor of the jured party under
the circumstances outhned, and 1 would probably agree with them, but
it is possible for the medical evidence to pomt coldly in the opposite
direction

More familiar and less serious examples of the same type of medical
ndeeiston are ilustrated by the cases of bursitis and hernia that appear
m middle-aged empl Enp has taught us that they are often

more expeditiously handled by means of a formula than they ase by
making an mdwidual appraisal of canse and effect 1 relation to emp.)ny'
ment at the time the subject first became aware of the prescnce of signs
or symptoms Middle age carnes with 1t a relative predisposition to
bursitis and hernia. As the years advance this predisposition fncreases,
and the amount of exertion in which the individual indulges na!uml})’
lessens. Nature intends there to be a balance between these changes in
capacity and habit, and such a balance keeps most people out of trouble.
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When they do get n trouble the diagnosis may be obvious enough, yet
the elucidation of cause and effect may be so manipulated as to mvahdate
atself 1f it includes more than a smgle etwologic factor The more we
leam the more dufficult it becomes to keep a simplified viewpoint on
some of these things

This 15 also true 1n the Beld of clinical medicme, as 1 recently found
when I tried to apply my own experience to the diagnoss of diphtherta
m the company of a group of younger doctors who did not know the
disease as we used to see 1t twenty-five years ago We didn't quite agree
because we were using somewhat different cnteria, but when we called
in the expert we found that hs greater knowledge did nothing but still
further confuse the decision In the end we waited twenty-four hours
for a culture to decide whether 1t was diphtheria—and that 1s a very poor
way to treat that disease Now this struck me as a surpusing turn of
events, that one of the diseases concerning which we have mdisputably
accurate hnowledge should have become more difficult to recognize and
thereby less efficiently treated The reason for this paradox is that i
applymg our knowledge we have all but eradicated our expenence, and
have thus forced the subject from the center of our thought and actron
to the pertphery where, even in the mimnds of the experts, its practical
aspects may become sparse and poorly delmeated

The same phenomenon appears n some of mdustry’s histone interests,
such as lead and mercury poisomng, If we could wart until the advanced
symptomatology unfolds itself in these disorders we would be on familiar
ground and we could afford to be unequivocal and decisive, but that 1s
too late We must work 1 the pertpheral areas of our knowledge, for
that is where opmions differ, and unless there are differences of opimon
the panel physician 15 not Iikely to be called upon Also st 1s 1 this
Peripheral area that all industnial medicine and hygrene must operate,
for 1t is only here that prevention can be practiced and that the health
of the worker can be effcctually protected

Even when the basic disorder and 1ts etiology are agreed upon by alt
sides, there may still be controversy concerning such things as the per-
centage of disability to be allowed Here agam when the doctor 1s called
upon he nusses the engimeer’s ability to measure and accurately to deter-
mme percentages of efficiency The human, personal, and psychologic
factors of the indnidual intrude themselves 1mto what we would Iike to
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consider a scientific field—and what might be a scientific field if the
doctors were to be left alone m it. It would be an nory tower, howewer,
and the medical profession m an wory tower would soon lose 1ts use-
fulness to industry and to society. These are not the only times when
doctors find that therr opmi are pl 1 by psychologic and
socrologic considerations Sickness, when 1t can be venfied, 1s an invio-
lable excuse for all sorts of mconveniences to the indwidual; for examma-
tions for which a student is unprepared, for embarrassing appearances
mn court, or for absence from duty or employment The doctor s there-
fore accustomed to having his opinion bt into situations in which the
health of the individual may not be the only issue at stake, Indeed, if 1t
were the only 1ssue at stake the doctor might well take the attitude that
loss of health 15 never completely compensable, he would then ignore
all imphications of lubihity and would concentrate on the regimen which
would best serve restoration of health This is his usual outlook in the
practice of medicme, but when he 1s employed as a panel physician he
cannot retan thrs objective, he must concentrate upon an accurate
presentation of the facts, and then stop This is not the physician’s usual
habit of thought and action, if 1t were he would frequently leave his
patient on the end of a hmb He generally goes beyond the proven facts
to build a working hypothesis, and proceeds with whatever guidance
such hypotheses provide until there 15 obviously nothing more te do f:or
the patient For the panel physician to proceed in this way 1n an industrial
controrersy would be to violate the legal rules and might jeopardize the
mterests of others, In this regard the panel physician is better called a
medtcal witness The great traditions of the medical and legal profes‘smm
here run side by stde, as the tracks of competing railroads approaching a
common destination

Three hundred years ago Sir Thomas Browne said it was “as dangerous
to be sentenced by a Physician as by a Judge ™ This 1s no Ion.gex true,
even n s ongnal seuse, The doctor doesnt sentence his patients any
more In the settlement of industrial controversies I do not beheve the
doctor should be expected to do any sentencing; he should be merely a
witness His testmony should be reviewed or revised 1f need be by @
court or board or whatever the indwidual law mdicates, and it 15 this
court or board that should assume responsibility for the decision It
should be the judge, while the doctor concentrates on being a compre-

hensive and impartial witness.
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My 1dea of the viewpomt of the panel physician may be summarized
by mndicating that
1 He 1s pnmanly concerned with cause and effect relationshps,
especially as they may imply mdustial or other hability for
mitiating catses
He 15 but secondanly concerned with what would normally be
Tus primary iterest, that 1s, the restoration of health to the m-
dwidual subject.
He 15 m essence a medical witness, and should not presume or be
expected to make the decisions He should merely state his opmzon,
His opmion must sometimes of necessity be a tenuous one, for

o

ca

S

an honest statement of what s known about etiology will fre-
quently reveal that much 1s stll unknown Moreover, dual causes
for some conditions are already well established
1 have tried to present the reasons that the panel physicians con-
trbution may somctimes be a disappomntment to those with whom he
works. There 15 & widespread belief among the people at large that the
doctors know more than they actually do, and that they can do more
than they actually can The controveisies which anse i a well-explored
area of medical knowledge do not atten call for difficult medical analysis
Those which anse at the peniphery of our knowledge, however, may
present sertous problems of a fundamental nature A solution for these
problems may be needed before a direct hght can be thiown upon the
prevention or the equities of compensation and disability for some m-
dustrial diseases In the meantime as we grope about n these poorly
Ulumnated fields none can be certain of providimg the perfect answers
1t 15 as true today as 1t was when 1t was written, I beheve mn the Anatomy
of Melancholy, that “there are not only diseases that are incurable 1m
Physic, there are cases msoluble in Law and vices mcomgible 1n
Drvinity

Distussion

1 A BRODKIN, M D °

One of the most valuable contributions of the Sixth Saranac Sympossum
has been the official recogmtion that employees working with beryllum

® Chief Medical Director, New Jersey Department of Labor, Newarh, New Jersey
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consider a scientific field—and what mght be a scientific field if the
doctors were to be left alonce m it. It would be an wory tower, howeser,
and the medical profession m an wvory tower would soon lose its use-
fulness to mdustry and to society These are not the only times when

doctors find that thewr of are plicated by psychologic and
log; deratrons, Stek when 1t can be venified, is an invio-
lable excuse for all sorts of to the individual; for examina-

tions for which a student is unprepared, for embarrassing appearances
m court, or for absence from duty or employment. The doctor is there-
fore accustomed to having hus optnion butlt into situations in which the
health of the individual may not be the only 1ssue at stake, Indeed, if it
were the only issue at stake the doctor might well take the attitude that
loss of health 15 never completely compensable, he would then ignore
all impheations of hability and would concentrate on the regimen which
would best scrve restoration of health, This is his usual eutlook m the
practice of medicine, but when he 1s employed as a panel physician he
cannot retam this objective, he must concentrate upon an accurate
presentation of the facts, and then stop This is not the physician’s usual
habit of thought and action, if 1t were he would frequently leave his
patient on the end of a hmb He generally goes beyond the proven facts
to build a working hypothesis, and proceeds with whatever guidance
such hypotheses provide until there 15 obviously nothing more to do for
the patient For the panel physician to proceed in this way inan industnal
cantroversy would be to violate the legal riles and might jeapardize the
interests of others. In this regard the panel physician is better called 2
medical witness The great traditions of the medical and Jegal professions
here run side by side, as the tracks of competing railroads approaching
common destination

Three hundred years ago Sir Thomas Browne said it was “as dangerous
to be sentenced by a Physician as by a Judge.” This is no Jonger true,
even in 1ts onginal sense. The doctor doesn’t sentence his patients any
more In the settlement of industrial controversies 1 do not believe the
doctor should be expeeted to do any sentencing, he should be merely 2
witness His tesimony should be reviewed or revised if need bf. by 8
coust or board or whatever the indwidual Jaw mdicates, and 1t is this
court or board that should assume responsibility for the decision It
should be the judge, while the doctor concentrates on being a compre:

hensive and impartial witness



579
2y be SUMMmar,eq

My idey of the Viewpoung of the Pane} Physicyy m,
by md:catiug that;

He 45 pnmanly COoncerne with
speerally 4o they
xmtmtmg Causes

2 He s but secondanly “oncerneq With whae Would nop,
his Primar, terest, gy is, the Testoration of heatgyy to
dividy,) Subjecy,

Te 15 15 ©Ssence

Ause apq effect Felationgy,

1ps,
nay imply icdustryy) or other

Imblhly for
nally po
the y.

Medicqy Witaess ang shoulg no
eCIsions Hes)

¢ pane} ph}mxan's con.
APPomtmey, to thoge MU oo he
a Widespre,q bele, ong

Du:uxxton

LY BRobkgy, Mp

thibutiong of the

th Sarang,
fierat Tecognitian tha

Xt
t “Mployees wor},

S)Tnposlum
b
> New Jerse, Dcpmmem Of Lak,

g wap

um
7, A\'el\arl., New ;



580 Pneumoconiosis

and 1ts compounds are exposed to a new industrial hazard which may
result 1 a new industnial disease. This disease may appear 1n the acute
form, acute pneumonitis of beryllum workers, and 1 the chronic or de-
layed form, pulmonary granulomatosis of beryllium workers. Inasmuch as
the acute form ends in complete resolution or death, 1t Presents no particu-
lar problem as far as estimation of the amount of disability m the compen-
sation bureau 1s concerned. The chromic form of the disease, however,
does produce permanent pulmonary damage which so far m the large
majority of cases appears to be progressive.

Dean O'Hara, in his paper, has dealt with the problems of the medical
referee in deciding on the industrial etiology and the amount of dis-
ability. He has pointed out the pitfalls, plications, and the i ibl
that hinder a medical referee 1n arriving at a mathematrcal and equitable
decision. Judgment greater than that of Solomon’s 1s needed to satisfy
all parties concerned The compensation aspects of this new industrial
disease are a perfect example of the difficulttes described by Dean
O’Hara. Here we have a disease, which affects one worker among scores
of others, who may have been exposed for years on the one job without
dl effects, and who may suddenly develop the disease or develop 1t

several years after he had last been exposed to it. Furthermore, the
1

strongest evidence of the disease, the gl may be so equi
as to make 1t difficult to differentiate between pulmonary granulomatoszs,
} ! d lymp} fungus disease, or

I
some other form of pneumoconiosis So much for the difficulty n amving
at the industral etiology.

In attempting to estimate the amount of disability n & case of indus-
trial pulmonary disease, we are beset with two difficulties Furst, 1t 13
complicated by the fact that the amount of disabihty 15 estimated by the
loss of earning power The difficulty 1s apparent when we see a man
with extensive enough disease 1n his lungs, as seen 1n the roentgenogran,
to be considered totally disabled, performing a normal day’s work because
of his drive and necessities, and then pare him to a man
with half as much 1 , as seen in his who claims
he 15 disabled and must change his job. Thus far, with our X-rays, blood
studies, chest measurement, and vital capacity estimations, we are unable
to accurately measure the amount of disability or loss of working capacity
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mn cases of industrial pulmonary disease The estmation of maumum
breathing capacity may prove an advance toward this goal but much
further work must be done to produce a more accurate yardstich,

In New Jersey, siltcosss and asbestosis were added to the evisting
eleven occupational compensable diseases m 1945 The statute on stlicosis
provides that compensation shall only, be payable to the employee when
total disability results from this disease. No provision 1s made for the
payment of any compensation to an employee who 1s partially disabled
The statute specifically takes away an employee’s common law nght to
sue for parttal disability. An employer can discharge any employee who
has silicasis or ashestosis and whao is not totally disabled, without paying
any compensation and yet no other employer would hue such a worker
who 15 partially disabled, There are many other teatures of this statute
that ate unfair and deplorable and suffice it to say, that I pessonally am
nat aware of a single employee recenmg compensation under this statate,
=lthough New Jersey has many mdustries where sthica and asbestos are
4 bazard,

Obviously, the ideal and desirable industria) disease Jaw would be an
allmclusive one, but one in which the industrral relationshap and amount
of disability would be decided by a competent state medical board In
this way, industry would be protected from all false clamms The pul-
monary disease of beryllrum workers should be included w our com
pensation law, otherwise our berylhum industries are forced to pay not
only compensation premuwms but also hability insurance

Fyrther Discussion

DR MGEE It occurs to me I should make an explanatory comment on
an impression I cid not mean to give this morning Dr Mayer, I belteve,
m discussion came to the defense of medical witnesses and used the
term 'pequry."l did not wish to umply that in my eperience that was
the problem, The opposite 1s true The untenable decisions have come
from g lack of information on the part of men who were w ell-meaning
and smcere 1 their tesimony. That has gotten us into difficulty.

The character af peaple who are getting mto the preture in compensa-
tion decisions {s of hugh calther—at's improving rapidly—and some of
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our difficulties are going to disappear. We hope their advice will be
used more and more m evaluating the testimony,

There have been two or three speakers who hammered a pet project

of that of education on the fi the physician performs in
this comphicated society. Our profession started off with the basic am
of relieving the distressed and 1ll and of contrbuting to longewty. In
addition, doctors now must certify to a man’s birth and his death and to
much of what transpires 1 between Industry requires statements from
physicians—in the late war we had ration certificates shoved at us from
time to time The profession hnows well the other “slants” that are
required for the proper fulfillmg of its functron Education can be aided
1f Mr. Bowditch and Mr Waters will see that the stenographic record
of this symposium appears in a volume and reaches the deans of medical
schools, professors of medicine and others concerned, so that they have
a better appreciation of the opportumty to be of real service in this
matter.

I was reminded by Dr. O’Hara’s statement, when he referred to the
physician’s tendency to give a name to a problem he may not understand
too well, of this story The physictan was on the witness stand m a trual
by a jury The physician under cross exammation was protecting himself
by usmg “two-bit” words with Latin endings Obviously no one of the
Jurists nor any other lay person m the court understood The cross-
examning attorney mterrupted with a sly wink to the jury and smd,
“Yes, doctor, and 1f you do, you'll have to clean it up ”

MR waters  Thank you, doctor. Dr Herman, in your experience as
Charman of the Maryland Medical Board, would you tell us something
about your work that would be of interest on this subject?

bR, 1ERMAN: As T understand it, the situation in Maryland regarding the

d ration of the 7 1o law is somewhat different from other
states in that the Board has been appomted to consist entrrely of medical
men, one of whom by statute should be a radiologist. I should sm‘e
parenthetically, that Mr Waters should tell you of the Act, becanse he's
the “father” and “grandfather” of it .

This Board 15 set up withmn the framework of the Industrial Accid
Commussion of the State. The Commssion, of course, 15 a much older
body and 1s charged with the hearing of compensation claims for acer-

dents alone.

ent
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The Medical Board, which was organized 1n 1939, hears the clauns for

p for P al disease ding to a scheduled act

We're not confronted with the problem of the panel physician or medical
referee, inasmuch as we fulfilt that function

We're strongly opposed, as has been mentioned, to ex parte testimony
We have been tramed i, or have had enough knowledge of industrial
hygiene and of the occupational hazards wvolved to have a pomt of view
on the subjects, of that point of view 1s0’t adequate, were empowered to
obtain further mformation,

Our problems are tremendously drfferent from the problems that have
been discussed here mn that Maryland 1s but shghtly mdustnalized, as
compared with the states whose problems have been specifically dis-
cussed Outside of Baltimore, in which there 1s 2 duersification of ndus-
try, there are only two other cities from which claims tor compensation

for occupational disease anse—occastonally from a thurd So our problem
15 really quite different

However, withm that scope, T think that many of the pitfalls that have
apparently assatled the rest of the countrv have been aveided by the
way that clums are referred to a techmically tramed body

The Legslature 15 not unaware of the changing picture, Maryland
bemg 1 every sense a median state, 1ts recogmtion 1s much different
from, let us say, New York m that respect In the last Leglature, five
new atems were added, diseases resulting from contact or exposure to

t b , to sel tellurium, fluonne, and brucellosis,
and there 15 2 constant pressure to extend the list
As to the question of general versus scheduled , 1

certamly don’t want to go mto that agam
MB waTERs. Thank you, doctor Does anyone else have any thoughts
fo contribute on this particular subject?
DR SAPPINGTON T should just like to say a few words on industrial
medical education, a subject brought up by several of the speakers Per-
haps 1t might be of mterest to you to know what is and has been gowng on
quite recently m official bodres

The Amencan Association of Industnal Physicians and Surgeons,
about three years ago, appowted a jomnt commttee to study certification
of industral physicuans This committee made very hitle progress, pri-
mantly because of the fact that the certifymng bodres pomted out there
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were great deficiencies in both undergrad and postgraduate educa-
tion in industrial medicine, and that these deficiencies would have to be
remedied, to which all agreed.

Within recent months, and this is where progress has really been made,
several representatives of the association have gotten together and have
prepared enterna for fellowships and residencies in industrial medicine,
truly a sigmificant step. These criteria will undoubtedly be accepted by
the Council on Medical Education. They are going through that process
pow, which leads us to beleve that eventually there will be offcial
recognition and sp hp by organized medicine of industrial medical
education in this country, something which many of us have wanted for
a long time.

MR WATERs. Thank you, doctor. Anyone else? This morning Dr. George
Wnght said he wanted to speak this afternoon,

or. wricHT:  It's very generous of you to let me have just a moment.
Some of the things T thought of saying have been ably covered by others,
so I don’t want to take your time further with them, but I do want to ex-
plain for just a moment the way in which we got into this present study of
partial disabality, because 1t portrays the very happy circumstances that
have occurred 1n recent times apropos this program of compensation.

The study 1s being supported—and that is the thing I want to make
very clear—by a jomnt effort of labor and management, the federal gov-
emment, the New York State Workmen'’s Compensation Board, and
through them, the Legislature of New York State, We are obtaining some
funds from Miss Donlon’s office. We are obtaining some funds from the
federal government The men are giving us their time, the labonng men,
and accepting the inconvenience of commg up here to be studied, and
management 1s paying the wages of the men to be studied

I think this arrangement 1s one that should delight the hearts of all
of us who have the future of this problem in mind because it 1s 3 real
constructive effort on the part of everyone involved to get to the answer
of the problem we are studying in a specific way. I just didn’t want the
day to go by without that mformation being in the record. )

The only other thing T would like to say has some bearing on (hc'
problem as a whole—that is, I fear that some who perhaps should know
better do not reahze or have forgotten that medicine is not wholly 2
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science It s in a large measure an art. It 55 a science only insofar as we
can apply measurable things to it When one can begin to measure m
specific quantities anything you are studymg, then you can begir to
speal. of the study as setentihc, and in medicine that 1s still, unfortunately,
not very well developed

To me that explains m a Jasge way the apparent controversial pomts
that have been raised here today. 1 am afrard that i some aspects legts-
lation has outstripped the scientific aspects of medicine, and that, T
think, 1s 2 thing to be deplored, It's perfectly obvious to you that m
New York State at least—I think largely through Miss Donlon’s efforts—
they are trying to remedy that particular circumstance They do not
wish o enact new legisk without first obtaining some nformation
concerning the measurable features of the things they are gong to
legslate about
am warers: Thank you, Dr. Wnght Dr Mayer, would you say just
a word in comment?

PR MaveR I'm sorry I gave Dr, McGee the impression that I was
partionlarly referring to us yemarks, Actually, the question of perury
has come up 50 regularly in our work that only recently I tned to define
whether there really was much perjury oo the part of the doctors On
gomg lhmugh the records, e rarely could say we were sure thts doctor
definitely knew otherwise There's no question about the need of the
education of the doctor, and t! doubtedly the at
present 1s given through ignorance,

One term that constantly comes up that has been very annoyng to the
physielan m dustrial med; is doctor.” Better physt-

cans often shy off from testifying because of the stigma many attach
to1t

We three on the consultirg board had much to do with getting Dr.
Wright mto his “troubles ” We can't say necessanly that the functional
disability tests are gomg to be our answer. But we quite often meet
patients not totally disabled, where, as Dean O’Hara sud, our opmon
15 tenuous and these disability functional tests we're hoping will help us

Up to now we've had 2 fair number of these tests done for us at
Presbyterian Hospital under the duwection of Dr Baldwin and Dr
Richards, m addition to the studies of Dr. Wright At times they have
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given us courage to “stick our necks out” and give positive opinions
which otherwise would have been lacking, Someone asked how our
Board functions, Controversial cases are seen by our group of three that
mects every few wechs in New York City, We have gone over the eascs
mdwidually and then the reports are scrutimzed by the other two as
they are presented at the conferences We encounter probably every
dust inhalatron disease there is.

We are particularly fortunate as “impartial” examiners to be allowed
to so assert when we dont know the answers. We are privileged m
doubtful cases of disability to have functional studies carried out in the
hospital This 1s i addition to having complete occupational history,
physical examination, all laboratory studies including electrocardiograms,
fluoroscopic studies, X-rays, blood chemistry, etc. We give our opinion
on all such data, Some workers with minimal X-ray changes impress us
as very dyspneic, particularly foundry workers. These men at autopsy
showed much interstitial fibrosis with emphysema, and their disability
studses in hife showed marked functional impairment Some with httle
evident silicosts have much emphysema and are quite disabled, some
with good reserve have much evident silicosis and hittle emphysema



CHAPTER 39

Synthesis of Viewpoints

THEODORE C. WATERS®

4As stated in my opemng remarks, I feel certam that all of us are not
agreed upon many of the 1ssues that have been discussed at this meeting,
but T am sure that this symposum has made a real contribution to the
current thought upon compensation for occupational diseases

Dr. McGee, in presenting the viewpomt of the medrcal practitoner,
develops certam thoughts that I believe should be emphasized. He ex-
pressed the opimon that all occupational diseases should be made com-
Pensable under the compensation statutes That seems to be the general
opmion of the members of the medical profession While that goal 1s
adrmittedly desirable, I feel that he properly pomted out the potential
hazards of general coverage laws To me, the most sigmficant part of
Rus remarks related to the wrong that might be done to 2 claimant and
his fellow workers from ustified awards 10 P cases
Attendant nevrosts and the general belief that a clarmant can get some-
thing for nothing may react detnmentally to those employees who suffer
teal inyunes. Ihs remarks relatve to the need for emphasis upon ndus-

tral medicine m the curricula of our medical schools were most timely
Unfortunately, too little emphasis has been placed upon this important
phase of study and I believe 1t would be destrable for our medical
schools to take cogy of ther respansibility i this
Dr. Sander 1 Jus ble way p d to us the unfy

tesult that may occur 1 the admmistration of compensatton laws when
employ ces wha have howted evidence of accupational disease are deed
employment m given mdustnies In the course of the admimstration of
compensation Jaws, 1t 15 to be hoped that the human scrap-heap may be
avoided and that those able to do a given job will not be excluded from

* Mullkin, Stockbridge and Waters, Baltumore, Marsland
587
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employment simply because they have a nondisabling occupational
disease,

Miss Donlon, the chairman of the Workmen's Compensation Doard of
New York, Ias presented to this meeting real food for thought. T would
be less than frank if 1 did not state my disagreement with some of her
recommendations and purposes. She and her office have given thorough

ideration to the administration of the law of this state and to her may
be attrbuted the Iiberalizing amendments that were cnacted at the last
session of the State Legislature. Those of us in other states are going to
view critically New York's experience in the administration of this new
law. Because the pattern set by this state may well be followed in the
industrial states of the Union, I hope that all of you have and will care-
fully consider her remarks and that you will pay particular attention to
the increased scope of the Sccond Injury Fund Law of the state of New
York to which she has referred.

Mr Nelson speaks from the experience fn the administration of the
Wisconsin Jaw that has served as a mode) for other states to follow. Ths
remarks about the subject of physical cxaminations are most timely, The
proper use of physical e for pl of employees m
ndustry will be highly beneficial not only to the industry concerned but
also to employees about to be subjected to p jal industrial hazards.
In this connection, I fecl that Wisconsin’s experience in the administra-
tion of 1ts law applicable to compensation for silicosis should be a lesson
to the ather states that are perplexed with this problem.

Mr, Sayer, presenting the iewpoint, d
thoughts that I believe are of interest to all of us, With his usual effective-
ness he stated that the function of insurance was to make certan com-
pensation to injured employees for such injurics, He advocated that
proposed laws should be definte and certain in their language and
statement of purpose, avording controversial fssues that might be the sub-
jeet of Ittigation between claimants and employers. His remarks with re-
spect to the subject of potential 7 for partial disability from
Just discases were most timely and should be considered carefully by
those who believe that such compensation would be a boon to employees.
bility and function in this field, and any

Joped several

T has a real resp
proposed law should be properly insurable.
Mr. Tucker, speaking from his experience in the handling of com

pes-



Synthesis of Viewpornts 589
sation matters, has added a timely note about the basic purpose of com-
pensation statutes for economic laws and develops responsibility of
carriers to insure the payment of compensation for that loss,

Mr Wagner has appropriately presented the need for defimteness 1
legislature, and has developed the carner’s view-
pomt with respect to the need for proper solutton of medical consider-
ation involved m controversial cases
Mr Fletcher p d the pont of and pomted out
the hazards of eatnbhshmg msurance plans :md help funds without a
well-considered basis for such programs. He stressed the financral saving
to management by lessening the hazards of accrdents, and emphasized
the need for mterest by the employer m the health and welfare of
iploy His approach was hly practical and I commend to
your consideration his comment about sickness and welfare funds, paid
holidays and other benefits to employees that might lull them mto a
feeling that management would assume all responsibility for their 1lls
Mr. Brown’s story emphasized the need for greater production in order
to promote the general economic welfare of our people I think his com-
ment upon state wsurance laws 1s partrcularly pertment and his remarks
raised in my mind the burden that may be 1mposed upon ndustry 1 onc
gwen state, where 1t may be competing with that of another state where
such laws are not effective I was indeed glad that he referred to the
matter of formulation of codes, This 15 most timely and should be care-
fully considered by those mdustries that may be affected by such codes
Dr. O'Hara told of the problems that face the panel physician 1 pass-
ing upon disputed clients and their effort to relate the fact of injury to
plant conditions causing same He stressed the function of the examuner
as a medical witness and that the physican’s findings should be an
expression of medical opmion on disputed medical 1ssues
Dr Brodkin, speaking from Ins exp with the ad 1on of
the New Jersey Workmen's Compensation Law, pomted out some of the
Pproblems apphcable to compensation for dust diseases From lus remarks

1t 15 apparent that the p 1 disease p of P

statutes present peculiar probl to the ad d g the
veed for competent medical examiners and advisers m order [m the
bureau to . ts ted medical

g
I repeat my regret that representatrves of labor are not here to evpress
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thew viewpownt in the subject matter of our discussions beeause 1t wauld
be helpful for those of us concerned with the administration of com-
pensation laws to know what the representatives of Jabor want and in
round-table discussions with them find some solution of our common
problem.

Concrustox

May I remind you that the subjects that have been discussed at this
symposim are essentially controversial. Many of the compensation Jaws
are exceedmgly complex, verbose, and capable of varying constructions,

The burden that we have placed upon our administrators of these
Jaws is not an easy one, The admuustration of even a law that is prac-
tically perfect in form may still not prove to be successful. I would hile to
stress the importance of admimistration and suggest that admimstrators
should avoid an attitude of awarding damages for alleged wjunies, but
should seek to grant compensation to those cases where the employees
have suffered actual wage losses as a result of thew wpuries Tlus system
of law 1s soctal in its nature and should be adminstered in a mauner that
would give to the clammants the benefit of reasonable doubt However,
the admmnistrators should asord the concept that these laws are designed
to compensate for all human ils, with resulting imposition upon em-
ployers of costs not proposed to be imposed under the basic theory of
the law

1 would like to say one word with respect to the compensation statutes
1 the various states To me it seems unfortunate that there has not been
a movement on the part of employer and employee urgamznho)?& mn-
surance carniers, or those mierested 1 the successful admistration of
compensation laws to bring about some uniformity i this legulation
Every state has a law unto itself, with varying provisions as to the scope
of coverage, benefits payable, and methods of admimstration. 1f ;omé‘
type of umformity could be achieved m the basic framework of the laws,
I beheve that therr admumstration would he more successful

There 15 one further subject that T v ould like to touch upon On,e of thti
principal purposes sought to be accomplished by the \Varkmenstr::nP
pensation Laws has been to reduce the total inl.urxes sustamed };dle
employees 1n the course of employment. In practically every one o
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Jaws you will find prosision made for supervision, regulation. and con-
trol of industrial operations, with the assignment of factory mspectors
to enforce compltance with the law In spite of the tremendous advance
that has been made 1n accident preventios, the toll of wmdustral mjuries
continues to be appalling Employees and the public generally are justly
demanding that this toll be reduced This can be accomplished i man-
agement and employees adopt and administer an mtelligent program of
wdnstral hygiene. Much has been accomphshed 1n this field Much
remains to be accomplished By the cooperation of employ ees, employers,
insurance carriers, and state admimstrative agencies, the goal of indus-
trul hygiene should be attained and the cost of compensation under
these Jaws matenally reduced
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