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FATAL RADIATION SYNDROME FROM AN ACCIDENTAL NUCLEAR EXCURSION¥*

Joseprr S. Karas, M.D.,{ anc JorN B. Staxsury, M.D.I

PROVIDENCE, RHODE ISLAND

T HE acute radiation syndrome will almost surely

be encountered from time to time as accidents
occur in the rapidly expanding nuclear-energy in-
dustry. Nuclear power is already becoming econom-
ically competitive with conveniiorai sources.! In
view of the present magnitude of these activities it
is remarkable that there have been so few accidents
already, a testament to the carc thai has been exer-
cised in suiety control of highly huzardous under-
vakings during the past twenty years or so.

The fhirst fatal accidental nuclear excursions oc-
currcd in 1945 and 1946 at Los Alamos.* One of the
victims died nine days, and the other twenty-four
davs after expusare. The whole-hody dosages were
estinnated respectively to be 1350 and in excess of
297 ruds.® Tie rest accident occurred at the Boris
Kidric Institute 2t Vinca, Yugoslavia*® Six men
were exposed, und 1 died. All these men received
bone-marrow tansplants in the fifth week,® but it is
not entirely cicar just what this contributed to the
recovery of the surviving subjects. The patient who
died received an estimated 640 rads of whole-body
radiation, and the rest less than 600.3 The most re-
cent and perinips most thoroughly studied accident
was at Los A\iuuos in 1958, when an operator re-
ceived an estiniowd total dose of 3900 to 4900 vads
and died thirty-four and three-quarters hours later.?
A these accidents have resulted from  attainment
through crror of a critical mass and a resulting nu-
cicar chain reacticn. When fissionable substances,
such as an isotope of uranium (U™, become voti-
fmed ina sufficlent mass and appropriate environ-
mwnt so that dicir fast neutvons are slowed to the
voint where thelr costure by hissionable atomss bo-
comes significantly probable, a vicious circle of fssien

“eapture and further release of neutrons is set ‘n
~wtion, This is a nuclear chain reaction. Some of
winse lethal or ucar lethal accidents have caused
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single burst of neutrons lasting only a few microsec-
onds; others may have involved resurgent bursts as
the responsible solution has boiled up and receded
only to reach its critical mass again.

The present account concerns a fatal accident in
a U#* recovery plant, The patient was cared for in
a large general hospital by a staff that had had no
previous experience with a similar problem. The
patient survived for forty-nine hours after receiving
ten to twenty times a lethal radiation exposure. He
probably received the heaviest radiation dose of any
victim of a nuclear accident, and this was the first
{atality in private industry. Many medical and ad-
ministrative  difficulties were faced, and similar
ones will be encountered at the time of any similar
accident in the future,

Case REPORT

Late in the afternoon of July 24, 1964, a 38-year-old mar-
vied father of 9 was pouring a “dirty” mixture containing
U* from a polyethylene cylinder 12,5 cm. in diameter and
120 cm. high into a tank 63 cm. in dianicter containing
sodium carbonate. A critical volume was attained by the
new geometry near the completion of this operation, and a
nurlear excursion occurred, The patient recalled a flash of
light and was hurled backwara and stunned, but did not
lose consciousness. He mimwediately ran from the building to
an emergency shack 200 yards away, discarding his clohing
as he ran. There he was joined by 4 other occupants of the
plant who had been alerted by the radiation alarm svstem.
Almost at once the patient complained of abdominal cramps
and headache, vomited, and was incontinent of diarrheal
stool, which according 1o his colleagues was bloody., He was
wrapped in warm blankets and taken to a necarby hospital
{but not admitted) and transferred at once to the Rhode
Taland Hospital, He arrdved at 7:49 pan, 1 hour and 43
minutes afrer the accident.

He was taken at once to an isolated seciion of the emer-
gency receiving service, He was complaining of severe ab-
dorunal cramps, headache, thirst and chilliness, and was
perspiring profusely.  fle was incontinent of brownish bue
nonbloody diarrheal stool. Physical development ard nourizh-
ment appeared excellent. The bloed pressure was 160/80, the
puise 100 and regular, the respirations 20, and the teni;ora-
ture 100.4°F. Skin color and turgor were normal The pupils
were round. regular and equal. and reacted o light and in
accommodation. The opiic fundi appeared normal. The pa-
vent had twransient difficulty in enunciating words. The
neck was supple, and the hms;a were clear to auscultation.
The heart was not enlarged, there were no murmurs, and
the quality of the sounds was good. The abdomen was rxgnd
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TarLr . Surmimary of the Therapeutic Agents Emploved in
tihe S;nptomaric Treatment of the Patient,

CoMeUND Dosk Doses RATIONALY Lrr. ey
ADMIN-
1STERED
300.0 mg. 2 Groed

Morphine 12.0 mg. 8 ) Good
Chlorampheni- 2.0 gm. 4 hiotic pm,)hv ? Effective-

col (&3] ness
Neownycin 1.0 gm. 11 ation of intes-  ? EiTective-

tract ness

Methylpred- 40.0 mg. Adrevncortical fail Seme value

nisoloue ure
Dimen - iri- 50.0 mg. 2 Intesnal hyperinobil-  Good

nate Uy X vomiting
Levurterenol 8.0-12.0 9 Hypoiension Helpful

mg.

Metaraminol  20.0 mg. 1 Hyp.tension No alue
Mannitol 1.5 gm. 2 O vaic diuretie No effect
Hypertensino- 3.0 micro- 1 Hypotension TUnknown

gen gm. { patlent

died)

No masses were palpable, Muscle tone was normal, and
peripheral. pulses were full. There was no edema. The re-
flexes were intact,

After a brief initial examination 107 me. of diphenhy-
dramine was given intramuscularly, anc: ’C :ug. of morphine
Heutaneously. Because of contmued restlessness 15 mg. of
rphine was administered again 1 hour aflter the initial
¢os2, and a good effect was obtained. A review of medica-
tions appears in Table 1, Blood samples were immediately
drawn for rvoutine studies and for chemical and radiation
analyses,

A cannula was placed in a vein in the left ankle, and plas-
ma was startec. Because of vomiting and abdominal distress
a Levin tube was inserted, but aspiration revea led only gastric
iuice without blood. A Foley catheter was then passed to
:nonitrr accurately the urinary output. Necomycin, 1 gm..
was given every 4 hours throus™ the Levin tube, and 2
gm. of chlorarmphenicol was beg intravenously with dex-
trose and saline solution in an ¢+ avor to prevent infection
if the patient survived long enoucti ‘or effecis of bone-marrow
deprivation to become apparent. Uiy 2 ho after admission
the blood pressure had fallen to 130/60. and the pulse had
risen to 90. Vomiting and diarrhea had cozsed.

By 4 hours the blood pressure had dropp d to 83710, and
the pulse had risen to 110. Meinvlpre {40 1“"\
was added to the intravenous infusion, a: fic hivod
pressure rose to 100. Levarterenol, 8§ mg.. vwas begun at this
time along with methylprednisolone intravencusly to mair—
tain the svstolic blood pressure between 93 and 100, By 8
to 10 hours after admission the patient reprwted that he feit
well. There was no other evidence of adrenal failure. The
temperature had risen to 102°F. The left hand and forearm,
which had held the container, and were ncarest the reaction,
became edematous and red. Con)uno.‘.rlw and periorbital
cdema appeared o thie left. He was alert and co-operative,
and spent the time scadiang and talking. Visual acuity for
newsprint seemed nonnal,

X-ray stucy of the chest approximately 16 hours after tie
accident suggested some hilar congestion (Fig. 1}, but the
lungs rem'urm*‘ iree of rales, and he was not dyspneic. The
hand and forearns becarae pamful and pain from venospasin
of the by the mfusmn of levarterenol becanie
severe ed to be a troublesome symptom. ‘['he

1t was qiie e comfortable but s‘nzhtl» restless on
after exposure, The edema of the hand o
aereasing. and the fineers w vro moved
Ces 200 The neek veins wore not distended. The
soere 2 to The blend pressure was s
norepine; )hrmv ar«d this constituted a maj
probden tuu:mhhut the rereadneder of the covr,
Staraminal fatled, did hypertensinaeon, bt
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Ficure 1. X-Ray Film of the Chest Taken with a Portable
Apparatus Sixteen Hours after the Accident.

and forecarm were badly swollen and livid. and there was.

massive edema f the upper arm, The conjunctivitis and
blush of the left side of the face had increased. The lungs
were [ree of ral2s. Vision had diminished to a point where
he was unable to read l-inch type, but he could still dis-
tinguish faces.

From this point the blood pressure could be maintained
only with increasing difficulty. The heart increased in rate.
and the sounds became tic-tac in quality. Six hours hefore
death the patient became extremely restless and disoriented.
the urinary outnut ceased, and the blood pressuee could ne
longr he ohta’ned. He died 19 hours after the accident.

A detailed account of the pathological findings on post-
mortem examisation will be published semarately. The fol-
lowing summary was prepared by Dr. Herbert Fanger.
pathologist to the Rhode Istand Hospital:

N
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NTERVAL ATTER Broon Usea CIRBATININT Urie ACip
Exvostre NITROGEN
hr. mg./100 mi. mg./ A 1l mg. /10 ml.
Normal value 0-17 1.0-2.0 3.3-5.0

3 18 i. 8.3

15 37 20 16.9

27 45 — 16.4

4“4 59 2.7 155
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after Acute Gamma-Neuwtron Fxposure.

Sonrum Porassium Carsax Dioxior CHLoriDR

mifliequiv. fliter  milliequiv.fliter  milliequiz fliter millieguiv./liter

135-145 3.5-5.0 26-28 100-106
140 3.7 21 104
148 4.3 17 121
136 4.7 13 105

There was interstitial edema of the subcutaneous tissues
of the left forearm, hand, anterinor abdominal wail and
chest wall. The trachea and esophagus were acutely in-
flamed. There was bilateral hydrothorax and slight hydro-
pericardium and as¢ites. The lungs showed interstitial
and intra-alveolar edema, and there was subserosal edema
of the stomach and intestines and severe submucosal edema
of the transverse and descending colon.

Acute pericarditis involved chiefly the anterior right
atrium and the adjacent upper right ventricie. Interstiiial
myocarditis and periaortitis of the ascending aorta were
also present. . '

The liver showed passive congestion and focal fatty
metamorphosis, and there was acute pancreatitis, with
patchy necrosis of the acini and infiltration by polymor-
phonuclear neutrophils.

The spleen, lymph nodes, thymus and int-stinal tract
were depleted of lymphocytes, but the reticiium cells of
the follicles were retained. The bone marrow was aplastic.
Only a few cells of the hematopoietic system remained.

The brain showed minimal changes. Rare foci of microg-
lial proliferation were found, and a few c.igodendroglia
were swollen.

There was interstitial edema in the testes and rare
necrosis of spermatogonia. .

A radioautsgraph of the skin of the left hand disciosed
the presence of radiation-emitting substance in the keratin
layer suggestive of spray contamination.

The principal blood chemical measurements appear in
Table 2. There was a gradual rise in blood urea nitrogen
and creatinine concentrations. The uric acid concentration
was clevated within 3 hours of exposure, at a time when
the blood urca nitrogen concentration was normal, and ve-
mained at a high levei throughout. Plasma electrolytes were
normal except for a single elevation of chloride. The
carbon dioxide content was reduced, but it is not known
whether this was due to respiratory alkalosis or metabelic
acidosis,

There was minimal evidence of liver damage. The scrum
ghitamic oxalaceiic wransaminase actvity rose from a normai
value of 13 units at 2 hours to a borderline value of 40
units at 13 hours and a final value of 30 units at 44 hours,
) dirubin concontrations, thymol turbidity and alkaline
sphiatase were within normal limits. Prothrombin activity
A0 per ceny of normai at 13 hours und 47 per crme
hours. No abrormality of the scrum protein, was
red.
ve sematologic findings in t%’lc peripheral blood  are
tisted in Table 4. There was a'moderate tend toward
aemvcencentration as the iliness progressed, The total wii e-
celi count of the peripheral blood was elevated at the injtial

Tanrt

examination at 2 hours, and increased to 46,000 cells per
cubic millimeter at 38 hours. Lymphocytes constituted 3
ver cent of the white cells at 2 hours and 1 per cent at 15
hours, and were not seen in subsequent blood smears. Thesc
findings are shown graphically in Figure 3. There were no
noteworthy changes in the platelets.

The bone marrow was examined twice. The 1st aspira-
tion was from the sternum at 4 hours, and the 2d from the
ileumn at 40 hours. The results appear in Table 4. The

findings in the Ist aspiration were virtually normal, and-

a normal complement of lymphocytes was seen. There
seemed to be a tendency to a shift toward maturity of the
crythroid elements, and a few unidentified cells with ir-
regular pink-stained granules and pyknotic nuclei were
found. The specimen at 40 hours was entirely different.
The aspirate was fluid. Almost all the cells were mature
granulocytes with “toxic” granules, and some of these were
in various stages of disruption. The megakaryocytes had
disappeared.

Three electrocardiograms were obtained. These appear
in Figure 4. The 1st, taken at 22 hours, was within normal
limits. The axis was +30. There was a suggestion of
peaking of the P waves in the diaphragmatic leads. The
2d, taken at 39 hours, showed persistently prominent P
waves, diminished QRS voltage. lowered T waves and a
shift in the QRS axis toward the right to -+35°. There
was slightly more clockwise rotation in the precordial leads.
The final tracing, taken at 44 hours, showed still further
diminution in the QRS voltage and lowering of the T waves.
The changes seemed consistent with some degree of pro-
gressive acute strain of the right side of the heart and
correlated with the dyspnea and pulmonary congestion and
cdema exhibited by the patient. Since there was no sig-
nificant pericardial collection at autopsy the lowered QRS
voltage may have been due to acute hyperinjection of the
lungs produced by the pulmonary congestion. It is not clear
how much of this may be attributed to radiation-induced
changes In the pulmonary circulation, radiation damage to
the heart and circulatory overload from intravenous therapy.
The last was probably not a prominent factor since most
of the fluid intake was accounted for by output plus a
reasonable allowance for insensible water los:. and there was
» hemoconeentration rather than hemodilution. The fluid

halance appears in Table 5.

Rapiarion CONSIDERATIONS ,
Shortly after admission to the hospital a survey
of the body surfac: was made for gamnma emission.
The reading at 2 feet from the face and upper chest

3. Changes in Hematologic Findircs after Acute Gamma-Neuiron Exposure.

{ Hevoocross Hesatockir D:ierERENTIAL COUNT Prareers Torat RETICULOCYTE
\ EosiNoruin Cou~t
NLUTRO- LYMPIO- MONO-
PHILS cYTES cyTEs
hr. em. /100 ml. % (74 Yo % % %
2 15.5 43.5 17.750 Gi 5 — 168,000
15 129 37.0 23,150 5 t 4 155,000
21 13.7 38.5 28,800 on ] a 175,000 5 0.4
27 16.3 47.0 36,000 JLS ] o 220,000 0.3
38 17.5 51.5 46,000 100 0 0 170,000

1005430




N THE oW ENGLAND jul RNAL OF

TUTAL LTURDOY TS wey
- 69 GRANUL GTYTES vl
E [ L LYMPNOICYTES ~ samasw .
~ | SR
& ~
8 -]
x
b co{
>
g |
=~
> A
S
o
* 204
L LT
© T ot 4 e 1
<] 10 20 30 40 50

HOURS AFTER EXPOSURE

Fisvse 5. Leukoeyte Changes in the Peripheral Blood after

Exposure.

was 40 milliroentgens per hour, 18 millircentgens
per hour at the same distance above the mid-portion
of the body, and 10 miliiroentgens per hour above
the feet. Shortly thereafter the patient was viven a
thorotigh bath on a plastic sheet, and s inaterially
reduced the readings. Measurements vere repeated
taediately after deaiin wnd disclosed v owing,
in miliroentgens per hour: head, 7.5; face, 3.5: chest.
2.5 abdomen, 5.0: richt arm, 2.5: pubis, 4.0; thigh,
2.5; and feet, 1.1. Thus, at the time of death an
acendant could have worked within 2 fect of the
patient’s head for nine hours to have received the
nwaxinin allowable radiation exposure for one wecek.
This estimation, of course, does not take account
of possible crosscontamination [rom alpha-emitting
and beta-cmitting isotopes on the skin and hair or in
the excreta, which was clearly the significant hazard.

Samples of blood, wrine. feces and hair and a gold
ring were studied in the Physics Research and Thy-
roid Laboratories of the Massachusetts
General Hospital. Al samples were @cosured with an
Nal{T1} well detector and a 512-¢iiannel gamma-

Reseurch

Tanrw . Bone-Marroww Differeriic{ Cowns.

DiikerENTIN Nowsa, Rasen = !
PR

<.
Polymorphonucicars HE
Bands .
Metoyelneytes Leid )
\yeloovtes 2-15 .0
Pronivelocytes -3 i3
Basophils 0-2 15
Eosinophils 0-7 T
Lymphoeytes 3-20 100
Monacytes 1.7
Reticulum cells 1-5
Primitves 04
Blasts 9-5
Plasiua eells 0-5 @)
Ciasmatocytes 0-1
Normwohlasts 0-5 3
Late erythroblasts 5-30 .0
Eorl ‘throtiasts 1-15 17.0 2.5
Proerythroblasts 01
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favospectios eters The specins from tae Blood

vnes feees and vomus correspomded ovaniv o
Natt i o the gy peak was at LAY MeV,
conlormed esactly to an authentic sanple of Na™
The specuruns trou the hair was imueh more comples
and indicated  contamination  witl, several  fission
products. The gold ring yiclded a speciram charac-
teristic of Auw™* and no evidence of other activation
products.

A comparison of the Na*® content of the plasma
sample at sinteen and a half hours and authentic
Na* standards was made by integration of the total
counts in the 120 channels that included both the
gamma peaks. Background was subtracted, and suf-
ficlent counts accumulated to give 1 per cent count-
ing statistics. ‘The result was extrapolated to the
time of the accident and indicated a plasma assay of
0.026% microcuric per milliliter. A plasma sample
drawn at seven hours was anahyzed similarly and
showed good agrecinent.

Precise calculation of the radiation dose received
by the patient would depend on exact knowledge of
the geomewry of the accident and of the neutron and
especially the gamma-ray spectrum resulting from
the excursion.  Also. one would nced to know the
ratio of gamma ravs to ncutrons. If one assumes
that this accident was similar to the Y-12 accident
at Los Alamos™ it can be estimated from the Na?
content of the plasma that the patient received a
neutron dose of approximarely 2200 rads and a
gamma-ray dose of 6600 rads. or a total whole-body
dose of 8800 rads. This is probably between ten and
twenty times the average lethal dose.

Specimens of urine, feces and vomitus were
thinly dried on planchettes and counted in a high-
efficiency. verv-low-background gas-flow beta count-
er after time had elapsed for compicte disappearance
of the short-lived Na*'. Countiag efficiencies werce
corrected by measurement of un authentic standar
of P*. Serial counts were made over a three-week
periad. and the resulting curves fitted by cyve. The de-
cay constants woere consistent in eacii coant with the
presence only of P40 The P concentration of the
four-hour wrine sunde was caleulated to be 0.0062
microcuric per miililiter.

Tarre 5. Fluid Balance.

Qurtryr
ml.

224764 B pam.) 1o T/26, 64
{(a.m.,

1367 Jurine”
2015 Levin wbe & vowitus,

T4

T6/6F Bam. s 16 7/25/68 2o ir
(7 pau.y WY {piasiea
2300 T
Totals 075

4190
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Tunr. Mepicarn Prozuem

fe s aparene frem the estimation of the dose of
cadiction seceived by this patient that no known
farn on iherapy would have been cflective in saving
s e The coneal jiroblent was failure of the cir-
vifazon. Not ovv was there failure to maintair an
adeqaate oo oessure, and unsustained response o
vastoressor agesis, but also there was evidence of
voaaation of the sieht side of the heart and vencus
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congestion, soaspect of the acute sadlation svn-
dio nas boen cccountered before and seems to have
recelved dittie consideration Te might be suggested
that cirenwory failure s due to vasouetive peptides
refeased as a vesult of radiation-induced cell dis-
tribution. At all events cell destruction was ndi-
cated by the findings in the bone marrow and
the rise in wric acid and transaminase in the blood.
The possibility that the shock was neurogenic in
osigin cannot be excluded.

There have been virtually no studies on the acute
radiation syndrome in man except for the exhaustive
observations on the victims of the Los Alamos?
Vinco*$ and Oak Ridge accidents.®***? Countless
studies have been made on the effects of radiation
exposure of laboratory animals. The lethal radiation
syndrome has been somewhat arbitrarily divided into
the neurologic, gastrointestinal and hematologic
forms, Beginning almost immediately after exposure,
the patient may be disoriented, ataxic and delirious.
This state usually clears within a few hours or days.
Delirimin and mania may occupy the last few hours
or days before death. The shocklike state that may
ve seen immediately after exposure and may persist
untll death may have a neurogenic basis, but this
is not clear. Initially, the gastrointestinal findings
range from nausea to vomiting, cramps and explo-
sive diarrhea, the last being an ominous sign. Gas-
trointestinal  bleeding has not been prominent. If
these symptoms clear abdominal discomfort and
anorexia may take their place and persist for weeks.
Ulcerations of the oral mucosa may be troublesome.
s in the case reported above, the lymphocytes dis-
>ear from the biood of the heavily irradiated
sacdent within a few hours, and the bone marrow
becomes aplastic within a day or two. The neutrophil
count in the peripheral blood may rise to 13.000 w
50,000 during the first two days, and then falls to
very ow levels. Hematocrit and pilatelets usually
begin to fall only after ten days to two weeks.

Falling vision, restlessness and  delirium in our
patient suggested neurologic damage but could have
due in part 10 other circwnsianees. There
were gasttointestinal symptorss but no authenticated
evidence of hiceding, The lymphoc o disappeared
fram the bload, und the bone marrow was virtually
distroyed, but the patient succinnbed before bone-
nicrow failure had much reflection in the red cells
or granulocytes of the peripheral blood.  Thus,
whereas the patient shared in the: manifesiations of
the acute radiation syndrome as reported oy others,
the principal features were in the cavdiovascular
systein. The initial wcatment with antiblotos was
probably unnecessary.

been

RaApiaTioN SAreTY

MVanagement of the victim of a nuclews accident
Imooses a formidable cxercise in radiation safety,
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This patint had heavy sueface contamination of
radiation-vinttiting  isotopes. Funhennore,  vemious
sweat, urt e oand feces were all contaminated with
radicactive sodium and P70 Thus, there was the prob-
lem of radioexposure to the personnel caring fox
patient, as well as the disposal of contaminated
clothing, linen and radioactive excreta. Finaily,
there were the additional problems of significant
skin contamination during intimate care iriposcd
by a patient who was for a time delirious and un-
manageable, as the patients often are.

Immediately upon arrival at the hospital this pa-
tient was sequestered in a section of the Emergency
Ward to which access could be controlled. Admiis-
ston to the area was denied to all except those i-
rectly involved in his care and in the management of
radiation safety. A nursing station was established
outside the door of his room, as well as an arca
for gowning and degowning for all those attending
him, and a disposal arca for monitoring and collect-
ing all vomitus and excreta. All contaminated arti-
cles werc disposed of either to the laboratory or
into large plastic bags for subsequent disposal by
radiodecay or through routine channels for radio-
active waste.

Those attending the patient were required to
wear caps, masks, gowns, plasiic gloves and large
paper “grocery” sacks tied over the feet. They dis-
carded these into plastic bags upon leaving the
area. Radiation safety was supervised by Mr. Ernest
Resner, of the New York Operations Office of the
Atomic Energy Commission, who arrived a few hours
after his office was notificd of the accident. The
Atomic Energy Commission medical consultant ar-
rived a few hours later. It is worth noting that
consultants from the Commission are available at
any time in the event of a nuclear accident.

e

Oruer Exrosep PERSONNEL

Four persons were in the plant at the time of the
excursion, but all were on a different floor jevel :nd
30 or more feet removed from the accident. The
plant manager entered the plant thirty minutes a'ter
the accident with the shift supervisor and spari
some time assayinn' the radiation-contaminatioa
ievels and draining oft the tank containing the res
val uranium into critically safe contairers. Thoy
and another emplovee were found to have beea
exposed 10 30 to 50 rads of whole-body radiation
whien their film badges were examinad o5 “ae ol
‘owing day.  Apart from some apseelersion they
were free of syraptoms and have remalaod so.

4
Li=

Several days later the plant wes, the shift

supervisor and the third saff mes. who had
appreciable exposure were measured in the whole-
body radiation detector at the Mas seits Insti-

tute of Technology by D Constansine Maletskos.
There was minimal but deteciable Na* in all . The

1005433

cold rive of {1 of them alse had At cmnvr'
ton, Pen-miiliiter sumples of vrine from the
manager snd shift supervisor were conct-nrritcc’ and
dried on nvlanchettes .md measured for beta acuvity
for twenwy-five days. The counting rates were low.
The samples were corrected for detector sensitivity
against an authentic P* sample. The half-life of
decay was forty-six days for 1 sample and fifty-five
days for tne other but the logarithmic curves may
not have been linear. These ﬁndmgs are taken to
mean inhalation or ingestion of fission products while
they were draining the tank in the heavily contami-
nated roor where the accident occurred.

These 5 exposed persons have been kept under
close medical supervision since the accident. No
overt evidence of radiation damage has appeared.
Hemoglobin and total and differential whize-cell
counts and platelets have been normal. The plant
manager, forty-three years of age, had a serum uric
acid concentration of 7.6 mg. per 100 ml. three days
after the accident. It was 9.2 mg. two days later, 7.3
mg. on the following day and 6.4 mg. per 100 ml. on
the next day. The plasma bilirubin was 1.1 mg. per
100 ml. on initial determination, but subsequen:
values were normal. Alkaline phosphatase and trans-
aminase assays were normal. The shift supervisor,
thirty years of age, had a serum uric acid concenira-
tion on the third day after the accident of 8.1 mg.,
but subsequent values were below 5.5 mg. per 100 ml.
These values are highly suggestive of radiation
damage, but are of uncertain significance because
the pre-exposure serwm uric acid concentrations arc
not known. The serum bilirubin concentratior
was 1.7 mg. on the third day, 1.6 mg. on the fifih
and 0.7 mg. per 100 ml. thereafter. Other tests of
liver function were within normal limits.

ADMINISTRATIVE FRATURES

A serious nuclear accident generates enormous .o-
cal interest and administrative problems not only
because of the drama of the event but also because
of the possibility of serious contamination by radia-
tion. lewal implications and special difficulties in
management of this kind of patient. Fortunately,
the accidents that have occurred to date have in-
volved only 1 or a very few victims, One shudcors
to imagine e difficulties gencrated by an accident
involving mu’ar eiposure of several or more persons.

We were siruck by the importance of establishi
tight medical and administrative contro! at the ear’
st possible iomient. One physician should be in 7
and acknowlcdred command of the medical cave o
the patient. Maiters of radiation safety should
entircly in charge of the hospital radiation-s.
officer {and overy hospital within reach of a nuc
installation shouid have such a person on its sou)
In addition, therc should be an officer of the ad:
istration stationed at or necar the point of eniry o
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dhe area wihere e can govern access, hisdle procuve-

sent o reltives and the oress and wle eare
scshnistrative detatls fnevitably ac-
companying such @i occurrence. A serions probivn:
contributing tw ilie confusion is the tendency  of
ather personnel to remam in the
fheir authentic duties have  been
administrative officer should make
it his business w keep the area free of ail except
those engaged in their legitimate duties. Also,
ileally he would be in a position to handle and fend
off as many telephone calls and other interruptions
of the attending staff as possible. 17 these simple
but necessary procecures are followed danger of con-
tamination will be mininized, and care of the patient
enhanced. '

of the conntless

professional and !

area long after
discharged. Tl

Sumriary axp CONCLUSIONS

The rapid growth: of ihe industrial use of nuclear
energy imposes an inevituble risk of radiation acci-
dents. The first fatl nuclear excursion in private
industry is described herc. The victim succumbed
forty-nine hours after receiving between ten and
twenty times the lethal dese of neutrons and gamma
rays. The principal clinical problem was that of
mainteuance of the blood pressure and the compe-
wrhice of the heart. The myriad medicai and admin-
istrative problems thurt arose are discussed.

sMEwiA--LEE ET AL, o

are indebted to Drs. Gordoe Brownell and
. of the Physies Research T.aboraiore of the
ity Generst Hospitad, who carried out the gammaa-rey
trescopy and dese csinnation, to Dro M. Albala, of thre
Rbode Island Hospital, who performed the bone-marrow anc
othier hematologie studies, to Drs. Thomas Forsvthe and
Stephen Frater and the house staff and nursing staff of the
Rhode Istand Hospital for their skillful and devoted help
in the care of the patient and to Dr. Roman W, DeSanctis,
who interpreted the electrocardiograms independently.
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REFRACTORY ANEMIA WITH ABNORMAL IRON METABOLISM*
Its Remission after Rescction of Hyperplastic Mediastinal Lymph Nodes
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MEDI;\STIN;\L-Iymph-nodc hyperplasia  resem-
“"Tbling thymoma was first recomized as an entiry

Castleman in 1934, althoug.: 3 cases of “.n-
inflammatory lymph nodes”
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had previously -

been described in 1946, in a series of 109 patients
operated on for mediastinal tumors. Subsequently,
Castleman, Iverson and Pardo Menendez® presented a
series of 13 cases, including 2 that had previously been
classified as thymoma.»* The characteristic patho-
ivgical features noted were germinal-center forma-
ton and marked capillary endothelial proliferation.
“Chese findings were consistent with hyperplasia and
Many similar cases have been re-

1ot neoplasta.
ported.o-1e

in none of the approximately 30 cases in the world
iterature was there an associated anemia. It is the
parpose of this report to present a case of medias-
tnal-lvmph-node hyperplasia associated with severe
iren-Joading acerna. fever, marked hyperglobuline-
rig, spienomegaly and bone-marrow  plasmacytesis
Remussion of ol these abnormalities [ollewed exci-
s.on of the mediastinal mass.  The patient was
Livestigated intensively in an attempt to correlate the
pathological findings with the clinical course.




