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ACCIDENTAL RADIATION EXCURSION AT T H E  OAK 
RIDGE Y-12 PLAI\T"-IV 

PRELIMINARY REPORT OhT CLINICAL AKD LABORATORY EFFECTS 
I N  T H E  IRliADIATED EMPLOYEES 

G .  A. ANDREWS, B. W. SITTERSON, A. L. KRETCIIMAR and M. BRUCER 

(Receiued 7 Abril 1959) 

Abstract-The patients exposed to irradiation in the Y- 12 accident have been studied and 
followed at the ORINS hledical Division Hospital. 'rhe live patients with the higher dose levels 
\ r u e  kept in the hospital for several weeks following exposure. Epilation began on the seven- 
teenth day. Minimal clinical signs of a hemorrhagic tenclcncy wcrc seen around the twenty-fifth 
to thirtieth days. Antibiotics were not used prophylacticdly. A fcw minor infectious episodes 
occurred, but were easily managed. Hematologic stuc1ic.s s h o ~ c d  the characteristic pattern of 
c h a n p  expected after total-body irradiation. Spontaneous recovcry of blood values occurred 
and the patients have remained in good general contlition follo\ving the accident. 

To clinicians the accident that occurred at  Y-12 
on 16 Julie 1958, was of unusual interest and 
concern. Tlie injury \vas one of whole-body 
pcnetrating irradiation unconiplica red b?, super- 
ficially deposited or internally ingested radio- 
isotopes and uncomplicated by any pre-cxisting 
illness in the persons cxiiosed. The  dose range 
was sufficiently high to cause grave conccrn 
about the outlook of thc exposed persons, and 
to raise the question of using a highly experi- 
mental form of treatriiciit T v i t l i  l)onc-marro\v 
transplantation. 

CHRONOLOGIC OUTLINE 

The  patients studied included five nicn 
exposed to doses of' about 300 rads and three 
with doses belohv 100 rads. 'The three men with 
low doses never sliotved morc than slight or 
equivocal clinical and laboratory evidences of 
radiation effects. The  prcscnt report is 
confined almost entirely to the five 'ivith higher 
doses. They v w c  admitted to the hospital 
about 12 hr after thc accidcnt. All 1m.d iiaiisca 
and four had vomiting. These symptoms 
began about 2 lir after exposure and persisted 
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* From the Medical Di\.ision, Oak Ridge Institute of 
Nuclear Studies, under contract \$-it11 the Unitrd Slates 
Atomic Energy Co~ninission. 
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intermittently fix about 48 hr. I t  is interesting 
that the onc 'i\.lm did not vomit is believed to 
have Ixcn exposed to the second highest dose. 
The patients did not have fever after exposure. 
At th is  time tliere was no great concern over 
thcir i inmcdiate condition, which was good, 
but t1ic.1~ \vas scrious concern about tlie severity 
of tlie illness that might develop a few Iveeks 
aft cr t I re expos w e .  

Uiological estimates of radiation dosage were 
attcmpted during the first 3 days. I n  all five, 
blood lympliocyies fell in the first 48 hr to levels 
in the ncigliliol-hood of 1 OOO/mm3. Reticulo- 
cytes did not disappear from the blood films. 
Larly l)onc-marro\v studies showed no massive 
necrosis and only rather subtle clianges in 
distri1)rrtion of cell types and cell morphology. 
Three days after the accident, on the basis of 
an evaluation of d l  of the clinical, laboratory 
and tlosimctric information available, a decision 
was iiiade against immediate attempts a t  
bone-nrarroiv transplantation. At this point, 
rc1ativc.s of the patients, who had been asked 
to come to Oak Ridge to serve as potential 
mal-ro'iv donors, were released. 

The patients were kept under careful obser- 
vat ion. They appeared clinically well after 
the nausea had ceased. Beginning on the 
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seventeenth hospital day they bvcre alloived daily 
home visits from 2 p.m. until 10 p.m. On the 
twenty-fourth day these “passes” were temp- 
orarily discontinued because the hematologic 
depression that liad been expected \vas becoming 
quite prominent. &tween the twenty-fifth 
and thirtieth days depression of lvhite cell and 
platelet values \\,as serious. At this time 
physical examination r e i v z h l  definite cviclence 
of a hemorrhagic tendency. Preparations xvcre 
made for the immediate use of fresh wliole 
blood or concentrated platelets, but spontancoiis 
recovery occurrcd \vithout these measures. 

On the thirty-ninth hospital day the patients 
were again allo~vcd to spend a part of each day 
away from the hospital, and on the forty-fourth 
day they werc discharged. After discharge they 
became increasingly aware ol‘ weakness and 
especially of a feeling of tircdncss or a dull ache, 
particularly of the thighs. These symptoms 
gradually decreased arid allout 6 xveeks after 
discharge they rrtnrncd t o  work. Since tlieri 
they have bcen in goxl  hcalth ivitlioiit any 
major manifestations tliat could be ilttrilintd 
to the radiation csposure. 

Fig. 1 helps to correlate tlic timc rclationships 
of hcmatologic and cliiiical dcvclopnients. 

ADDITIONAL CLINICAL FEA‘I‘URES 

Soon after the paticnts were admitted to tlie 
hospital, consideration !\.as @\,en to tlic ndvis- 
ability of using prophylactic antibiotics. It \vas 
decided that 110 anti1)iotics o r  anti-infectious 
chemical therapy would lie given unlcss scimc 
definite evidence of iiifection dcvclo1)ed. A few 
minor infections Txrc cncounterctl h i t  most of 
them did not occur at  a time when the granulo- 
cytc depression ivas proiiounccd. Patient E 
had a very small furuncle of the rsternal 
auditory canal on the third day; i t  clcarcd ~ i p  
spontancously. Patient 11 had a large fiiruncle, 
in  the left gluteal region, \\~liicli started on tlic 
tenth day and \viis finally incised and di-ainctl 
on the twenty-second day. Thcrc \vas no fever 
and no specific drug therapy was given for this 
lesion; however, the same patient developed 
pharyngitis and a right otitis iiicdia on tlic 
thirteenth day ]\;it11 a mild temperature clcva- 
tion and was treated with tetracycline. Patient 
C developed a mild upper respiratory infection 

starting on the tcntli day and was given no 
specific therapy. Patient i l  developed acute 
tonsilitis on the thirty-first clay with a tcnipera- 
tiire of 38.6”C. He  was treatcd with tetracycline. 

A11 tlic patients had some cvidence of hair 
loss starting about the seventeenth day, but in 
only t\\.o of them, patients il and B, \vas the 
hair loss so pronounccd that it \vas obvious 
to any observer. These t\vo patients developed 
almost complete Ixildness of a large rounded 
area on the back of the head. T h e  other 
paticiits had some loss of hair from the head or 
body 1)iit iio cornpletc epilation. Three of the 
patients rioticcd sumc sorencss of the scalp 
preccdiiig and during the period of early hair 
loss. 

Sliglit cvidcriccs of a bleeding tendency 
.ivere apparent, and iii one patient quite 
pronouirccd manifestations developed. These 
includctl pctechiar, \\.hich ivere present in 
small niinil)crs in paticnt i l  and in large numbers 
in paticnt C. l’atients d and E had some 
bleedinfi of  thc gums on  Iirushing, and three of 
the p t i c n t s  liad a very small number ofrcd cells 
in the, irrinc.. /\!I tlicsc manifestatioiis occurrcd 
bctwrcn thr t\i-cnty-Gftli and tivcnty-cighth 
da).s \\-lien thc tliroin1)ocytopenia  as most 
pronou riccd. 

All of the 1)atients gained some \\,eight 
(ranging from 3 to 1.7 111) during their 44 clays 
in tlic Iiospital. ’l’lil-cc of them shoivcd a slight 
early 15;ciglit loss tliiring tltc first ftxv days of 
hosp i 1 ii 1 ca IT.  

11EMATOLOGIC CHANGES 
1;iX. I sliolvs thc average blood values for 

the fivc Iligh-dCJSc paticills during the first 60 
days after tlie accident. Averaging of the 
valucs is consid(~rcd justified because the 
ratliat ion  closc and the hematologic response 
~ v c r e  rc~asoiii i l~ly iinifoim in the whole group. 
Still, tlicrc. \vert' s o m r  dilrcrenccs, and the two 
patients, ./I and C, sliowed more profound 
changcs i r i  white cell, platelets and red cell 
valucs i lim did thc other thrce. All the men had 
had pr(,vious 1)lood counts done in the dispensary 
of the 1’-12 plant. After the accident a blood 
count \\,as done in that laboratory between 1+ 
and 2 l-ir after the exposure. Subsequent 
blood \\.ark was clonc in the laboratory of the 

1 0 0 5 3 4 8  



136 ACCIDENTAL RADIATIOS ISXCCRSION AT THE 0 .x  RIDGE Y-12 PL.-\NT-IV 

, I  

PLATELETS 
IN THOUSANE 

I O  250 
W B C  AND 
LTMPMOCYTES 
IN THOUSANDS 

9 2 2 5  

7 175 

6 Is0 

5 125 

4 1 0 0  

3 7c 

2 5 0  

I 2 5  

I "  I '  I " '  I " " , " " , "  ' I  ' I " ' ,  

WHITE BL03D CELLS 

HEMATOCRIT 

. RED CELL 

5 5  
n ~ t . a T n r " ' -  

- 

s0 HEMOGLOBIN 
IN GRAMS 
17 

-. 45 16 

15 

- 40 
14 

I3 
- 3 5  

12 

- M  I1 

- . -. . . . 
~ . ~. 

-. 
HOSPITALIZATION (51 - 

t 
0 5 IO 15 20 25 x) 35 40 45 50 5 2  65 C5 

D A Y S  

Frc. 1. 

E X W S U R E  

Medical Division. Blood films from the previous 
work at  the Y-12 dispensary i \ w c  revie\w:d so 
that criteria for difTereritia1 coiints could l x  
uniform in the series. Fig. 1 shows only tlic 
work done after thc acciclent. R , w  linc counts, 
all within normal range, arc. not placcd on the 
chart because they ~ ' e r c  all obtaincd many 
months earlier, but they are of importance 
in ruling out any pi-c-existing abnormality. 

The most immcdiatc change was a fall in 
lymphocytes. Two hours after the accident 
the average was around 1800, and liy 48 hr  it 
had fallen to slightly above 1000. Most of the 
fall in lymphocytes occurred within the first 
48 hr, and after that the lymphocytes remained 
fairly uniformly depressed showing a slight 
rise after the thirtieth clay. I n  two patients 

tlierr \vas a rise in tlic total white ccll count 
xvitliin 2 111. (unless fbr some unknown reason 
they hac1 a leukocytosis at the timc of cxposure). 
l l i i s  clcixtion in i\shite count was chiefly 
ac:coiiiitet I for by an inucasc in granulocytes. 
By thc fourth day the lcukocytosis had dis- 
ap'prai-ul and the white counts wcrc Ivithin 
low normal values. Between the tenth and 
eighteenth days therc \vas apparently a slight 
transient risc in thc total whitc count. Then 
therc was a distinct fall,  with lowest values 
l~ctwecn the twenty-fifth and thirty-fifth days 
followed by recovery Ivith low normal average 
levels rcachcd by about the fifty-fifth day. 
These changes in the total white count are due 
chiefly to variations in  the number of neutrophils 
prescnt. Abnormal giant neutrophils were 
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present early after irradiation. Other types of 
abnormal cells were seen in small numbers 
throughout the period of study. 

The blood platelets may or may not have 
shown early increase above normal. The  
fluctuations during the first 2 weeks are not 
such as to be given any special significance. 
After that period there was a pronounced fall 
in the number of platelets with lowest values 
being reached between the twenty-fifth and 
thirtieth days. During the recovery phase 
there was a rebound to above normal values in 
some patients; the most pronounced elevation 
occurred in the patient ivho had had the highest 
radiation dose and who had shown the greatest 
thrombocytopenia around the t\vcnty-fifth day. 

Changes in the hemoglobin and licmatocrit 
values were pronounced in only two patients. 
The greatest depression of red cell values was 
reached between the thirty-fifth and fortieth 
days; the lowcst hematocrit value in one of 
these patients was about 30 and in the other 
about 25. These were the ones with the highest 
radiation dose and the most profound changcs 
in the white cell and platelet lcvels. Recovery 
in hemoSlobin and hematocrit values occiirrctl 
rather gradually but there \vas a distinct 
reticulocyte increase between the thirty-fifth 
and fiftieth days, especially in one of the two 
highest-dose patients. 

Bone-marrow studies 1vei-e performed at 
frequent intervals. During thc first 5 days 
after irradiation there was no striking drop in 
total cellularity but a slight relativc decrease in 
red cell precursors. Giant granulocytes were 
seen and degenerative changes in megakaryo- 
cytes became prominent. On the ninth day 
after the irradiation the drop in total cellularity 
was pronounced and degenerativc changes in 
the megakaryocytes were more prominent. 
Between the twenty-fourth and thirty-ninth 
days the marrows showed pronounced hypo- 
plasia, and by this time there had been a 
profound decrease in granulocyte forms with 
a relative increase in red cell precursors and 
primitive and nondescript cells, some of which 
were difficult or impossible to identify. By 
the fifty-fourth day, the marrow showed active 
regeneration with hypercellularity. 

Special studies done by FI.IF,DNF,R and his 
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associates at the Brookhaven National Labora- 
tory on this same group of patients, to be 
published elsewhere, (1) indicated a striking 
depression of the mitotic indices in the marrow, 
particularly 011 thc fourth day after irradiation. 

BIOCHEMICAL CHANGES 
Many routine and specialized laboratory 

procedures were applied to the blood and urine 
of these patients, both as a matter of scientific 
interest and in  an effort to evaluate their 
clinical condition as accurately as possible. 

For thc most part, thc results were within 
the normal range of values or were not clearly 
ascribablc to the cffect of exposure. The  
taurine and fl-aniinoisobutyric acid excretion 
werc, lioivevcr, of greater interest. The  pre- 
liminary resiiiis arc surnmarizcd in Table 1.  

These results \vcrc obtained by applying the 
qiiantitative column chromatographic pro- 
cedure of MOORE e2 ~ l . ( ~ )  to aliqiiots of 24 lir 
urine collections. 

The  taurine cxcrction is elevated both 1 day 
and 4 days after exposure. By the sixteenth day 
taurine excretion had returned to the normal 
range in paticnt A.  Taurine excretion is 
somewhat varialilc among normal individuals 
and is influencvd by dietary intake. These are 
serioiis limitaticiiis if onc dcsircs to use the level 
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of taurine excretion as an indicator of the 
amount of irradiation to which the subject has 
been exposed. If one considers only the levels a t  
4 days, there appears to be a correlation xvith 
dosage. The small number of values available 
and the exception of patient C at 1 day make 
such a conclusion highly tenuous, however. 

The  ,!I-aminoisobutyric acid cxcrction is 
elevated after irradiation in all of the subjects 
and appears to be correlated with dosage. 
This confirms l<UBINI’S‘3’ general conclusions 
from his study of these same patients. Othcr 
agents, callsing DNA breakdolvn, can cause an 
clevated BA113 excretion; fiirtkici-more, some 
non-irradiatcd people habitually escrctc 30 mg 
or more of this substancc daily. An elevated 
excretion of this substance does not, tliereforc, 
necessarily indicate an cxposurc 10 irradiation. 

DISCUSSION 
This particular radiation accidciit providcs 

much information on the clianges following 
whole-body irradiation in the su\~lethal range. 
The  fact that the paticnts werr treated lvith 
great conservatism, without 1)lood transfiisions 
and Tvith minimal antibiotics, secnis to iiidicatc 
that such conservative therapy is jiistifialde. 
Indced, at the present state of our knowledge, 
such treatnicnt may be prcfcral~le lvhen tlie 
dose is 1,clieved to lie dcfinitcly sulilethal. 
Qne of the  greatest problcms is determining 
the dose fairly early after tlie iriadiation. I t  
is of value to pursue both physical mcasurc- 
ments and estimates based upon clinical and 
laboratory observations of patients. A few 
examples of such studics can lie cited licre. 
General observation of the severity and per- 
sistence of the nausea and vomiting, and of tlie 
presence or absence of fever, is important. 
Significant temperaturc elevation in the first 
48 hr would suggest a dose highcr than that 
encountered in the present series. A4 pronounced 
fall in the lymphocytes suggcsts that the dose 
has been in the dangerous range, but the 
relationship is not clear between further 
increments in dose (in the range of 300 and 
1000 rads, for example) and further depression 
in the lymphocytes. In  the present series of 
cases the reticulocytes did not shox~  any very 

AT T H E  OXK RIDGE 1’-12 PLANT-IV 

pronounced fall during the first 3 or 4 days. 
It may lie that by counting a large number 
of cells arid obtaining a statistically accurate 
reticulocyte count, i t  would be possible to make 
an estimate of dosage. If there is an unequi- 
vocal fall in reticulocytes during the first 5 days, 
it is pro1)aIile that the dose is higher than in the 
prescnt series. Sodium activation studies, 
eitlier liascd upon total body counts or blood 
radio-assays, have bccn sho\\m to be of great 
value i n  rstimating tlic I I C U I ~ O I ~  dosage. Early 
studics o i i  p-aminoisoliiityric acid and taurine 
m a y  hc  estal~lished as valuable indices of 
radiation tlosimrtry. 

Comparison of our experience with earlier 
reports of similar accidents and with the 
atom-lionil, casualties in , J a p n ,  and the Mar- 
shallcse Islanders makes i t  appear that whole- 
body irradiation produces rathcr predictable 
changes in man. The timc scquence of these 
changes rmds to remain fXrly uniform for a 
given spec,ics over quite :I largc dose range, but 
there arc  vciy striking rlilTercnces in the time 
sequciicc arnong diKerent species. Small 
animals, i 11 ~\-liicli mw:h radiobiological research 
is clonc. \how lmth  thc- tlcvelopment and the 

lieinatologic changes in a 
me than do human beings. 

Thc csp1;iiiation of the delay in the development 
of maximal heniatologic changes is quite 
complicated. Altliougli tlic normal survival 
and life cycle of thc cliffcrcrit ccll types are 
undoiiht~~dly important, thc timing of the 
changes (,annot lie explained cntirely on this 
basis. 

‘The study of the five patients in the Y-12 
accident atlds significantly to the information 
availablc on irradiation effects in human ‘ 

beings. More detailed information and analysis 
bascd 011 tliis espcricncc xvill Iic presented. 
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