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ACCIDENTAL RADIATlON EXCURSION AT THE OAK 
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PRELIMINARY 1IEPORT OK CLINICAL AND LABORATORY EFFECTS 
I N  T H E  IRRADIATED EMPLOYEES 
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(lieceioed 7 Alii/ 1959) 

Abstract-The patients esposcd to irradiation in the 1'-12 accident have bccn studied and 
followed at  thc ORINS hledical Division Hospital. 'l'lie five patients with the higher dose levels 
\\'ere kept in the hospital for several weeks folloiving csposure. Epilation began on the sevcn- 
tecnth day. Minimal clinical signs of a hemorrhagic tcntlcncy were seen around the twenty-fifth 
to thirtieth days. Antibiotics were not used prophylactically. A fcw minor infectious episodes 
occurred, but were casily managed. Hematologic studics showed tlic characteristic pattern of 
changcs espcctcd aftcr total-body irradiation. Spontancous recovery of blood values occurred 
and thc patients haw rcniaincd in good gciicral contlition following the accident. 

To clinicians the accident tliat occurred at  1'-12 
on 16 June 1958, was of unusual intcrest and 
concern. The injury  as one of \Thole-body 
penetrating irradiation uncomplicated by super- 
ficially deposited or internally ingcstcd radio- 
isotopes and uncomplicated by any pre-cxistirig 
illness in the persons exposed. Tlie dose range 
\vas sufficiently high to cause grave concern 
about the outlook of thc exposed persons, and 
to raisc the question of using a highly expcri- 
mental form of trcatment with bonc-marro\\, 
transplantation. 

CHRONOLOGIC OUTLINE 

The patients studied includcd five mcii 
exposed to doses of aliout 300 rads and tlirec 
xvith doses below 100 rads. 'The three men \ v i t l i  
loiv doses never showed more than slight or 
equivocal clinical and laboratory evidences of  
radiation effccts. The present rcport is 
confined almost entircly to the five ii-itli higher 
doses. They were admitted to the hospital 
about 12 hr aftcr the accident. All had nausca 
and four had vomiting. These symptoms 
began about 2 hr after exposure and persisted 

* From the h4edical Division, Oak Ridge Institute of 
Nuclear Studies, under contract xvith tiic United States 
Atomic Energy Commission. 

____-__ ~ _ _ . ~ ~ ~ ~ _ _  -~ 

intermittently for about 48 hi-. I t  is interesting 
that tlic one who did not vomit is believed to 
Iiavc lxcn exposed to the sccond highest dose. 
'l'hc patients did not havc fcvcr after exposure. 
;It this timc there was no great concern over 
thcir imrnediatc condition, \vhich was good, 
1)ut there was serious concern about the severity 
of the illiiess that might dcx7clop a few weeks 
aftcr the exposure. 

13iological estimates of radiation dosage were 
atternptcd duriiig the first 3 days. In  all five, 
blood lymphocytes fell in the first 48 hi. to levels 
in the ncigliborlioocl of 1 000/mm3. Reticulo- 
cytcs did not disappear from the blood films. 
Early bone-marrow studies sliouxd no massivc 
nccrosis and only rather subtle changes in 
tlistrihuticin of cell types and ccll morphology. 
'I'hrce days aftcr the accident, on the basis of 
;in cvaluation of all of thc clinical, laboratory 
and dosimctric information available, a decision 
\vas made against immediate attempts at  
hone-marl-oiv transplantation. At this point, 
idativcs of thc patients, who had been asked 
IO comc to Oak Ridge to serve as potential 
inarro1v donors, were released. 

T h e  patients \\'ere kept under careful obser- 
vation. They appeared clinically well after 
the nausea had ccascd. Beginning on the 
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seventeenth hospital day they lvere alloived daily 
home visits from 2 p.m. until 10 p.m. O n  the 
twenty-fourth day these "passt's'' \\-ere temp- 
orarily discontinued because tlie hematologic 
depression that had been expected \vas becoming 
quite prominent. Between the hventy-fifth 
and thirtieth days depression of Tvhite cell and 
platelet values was serious. At this time 
physical examination re\,ealcd definite evidence 
of a Iiemorrhagic tendency. Prcparations \)'ere 
made for the immediate use of frcsh whole 
blood or concentrated platelets, h i t  spontaneous 
1-ecovery occurred Lvithout tlicse mcasurcs. 

On the thirty-ninth hospital day the patients 
\\'ere again allowed to spend a part of cadi  day 
away f?om thc hospital, anti o n  the forty-fourth 
day they were dischasgcd. jlftcr discharge they 
became increasingly aware of weakness and 
especially of a feeling of tiredness or a dull ache, 
particularly of the tliighs. Thcse symptoms 
gradually decreased and  aliout G \\-ceks after 
discharge they rcturncd to i\w.k. Since thcn 
they have k e n  in good liealth \~itlioiit any 
major manifr.stations that could lie attriliiitcd 
to the radiation cxposurc. 

Fig. 1 helps to correlate the time relationships 
of hematologic and clinic-nl dc~cloprnen~s.  

ADDITIONAL CLINICAL FEATURES 

Soon after tlie patients \ \ere adniittcd to the 
hospital, consideration \vas givcn to the advis- 
ability of using prophylactic antibiotics. T t was 
decided that no antibiotics or anti-infectious 
chemical therapy ~voiiicl  lie given unlcss some 
definite evidcnce of infection dc~~c ioped .  A fciv 
minor infections were encountered hut most of 
them did not occur a t  a time \\;lien tlic gi-anulo- 
cyte depression was pronounced. Patient E 
had a very small furunc,le of thc cxternal 
auditory canal on the third day; i t  clearcci up 
spontaneously. Patient B liad a large finxncle, 
i n  the left gluteal region, \vliicli started on thc 
tenth clay and was finally inciscd and drained 
on the tIventy-second day. Tlierc \vas no fever 
and no specific drug therapy \vas given for this 
lesion ; however, the same patient dcveloped 
pharyngitis and a right otitis media on the 
thirteenth day with a mild temperature elevcr- 
tion and was treated lvith tetracycline. Patient 
C developed a mild upper reslpiratory infcction 

starting on the tenth day and was given no 
specific therapy. Patient A developed acute 
tonsilitis on the thirty-first day with a tempera- 
ture of 38.6"C. He \%'as treated with tetracycline. 

1111 the patients had some evidence of hair 
loss starting about the seventeenth day, but in 
only two of them, patients A and D, was the 
hair loss so pronounced that i t  \vas obvious 
to any  observer. These two patients developed 
almost complete haldness of a large rounded 
area on the back of the head. The other 
patit~nts had some loss of hair from the head or 
body 1)ut no complete epilation. Three of  the 
paticnts noticed somc soreness of the scalp 
preceding and during the period of early hair 
loss. 

Slight evidences of a bleeding tendency 
~vcrc: apparent, and in one patient quite 
proilounced manifestations developed. 'These 
incliidcd petechiae, which were present in 
small nurnlxrs in patient A and in large numbers 
in  paticnt C. Patients A and E had some 
lileeding of tlic gums on brushing, and three of 
the patients liad a very small number of red cells 
in t i l e  iirine. All these manifestations occurred 
lict\vccn tlie tlveiity-fifth and t\\,cnty-eighth 
day. \vhcn thc thrombocytopcnia was most 
promu need. 

r\ll of the patients gained some Xveight 
(raiiging from ?i to  13 lb) during their 44 clays 
in tlic hospital. Three of them showed a slight 
cariy \\:eight loss during the first fe\v days of 
hosl ) i t  a1 cai'c . 

HEMrZTOLOGIC CHANGES 
I'ig. 1 s11oM.s tlic average blood values for 

the five higll-dose patients during the first 60 
d a ~ , s  ;ifier thc accident. Avcraging of the 
valLics is considcsed justificd because the 
radiation dosc ;ind the licmatologic response 
rverc reason;ilily uniform in thc whole group. 
Still, therc \\;el-c some differences, and the two 
patients, 11 and C, showed more profound 
changes in \vliitc cell, platelets and red cell 
valucs than did the other three. All the men liad 
had previous blood counts done in the dispensary 
of the 1'-12 plant. After the accident a blood 
count was done in that laboratory between 18 
and 2 hr after the exposure. Subsequent 
blood work  as done in the laboratory of the 
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Medical Division. Blood films from the previous 
work a t  the Y-12 dispcnsary \vert rcvicwcd SO 

that criteria fbr diffcrcntial counts could bc 
uniform in the scrics. Fig. 1 shows only thc 
work done after tlie accident. Base linc counts, 
all within normal range, arc not placed on the 
chart because they \\‘ere a11 obtained many 
months earlier, but they are of importance 
in ruling out any pre-existing abnormality. 

The most immediate change was a fall in 
lymphocytes. Two hours after the accident 
the average was around 1800, and by 48 hr it 
had fallen to slightly above 1000. Most of the 
fall in lymphocytes occurred within the first 
48 hr, and after that thc lymphocytes rcmained 
fairly uniformly depressed showing a slight 
rise after the thirtieth day. I n  tu70 patients 

tlicrc \vas a rise in the total white cell count 
+rithin 2 hr (unless for somc unknown reason 
tlicy had it leukocytosis at the time of exposure). 
‘I’his ele\.ation in \vhite count was chiefly 
accounted for b y  an increase in granulocytes. 
I!y the fburth day the Icukocytosis had dis- 
apprarrtl and the white counts were within 
low Il(Jrma1 values. Between the tenth and 
c~iglitccnth clays there was apparently a slight 
transient rise in the total white count. Then 
there was a distinct fall, wit11 lowest values 
lietween the twenty-fifth and thirty-fifth days 
followed by recovery with low normal average 
levels reached by about the fifty-fifth day. 
T h m  changes in thc total white count arc due 
chicfly to variations in the number of neutrophils 
present. Abnormal giant neutrophils were 

present 
abnorm 
through 

Thc 
shown 
fluctuat 
such a: 
After tl 
in the 
being 
thir tic1 
thcrc v 
somc 

radiati 
throml 

Cha 
valllcs 
The g 
reacht 
days; 
thcse 
aliont 
radiat 
in t h c  
i n  lie1 
iatliei 
rcticu 
ant1 f 
hig h c  

150 
frccp 
aficr 
total 
ieci I 

seen 
cytc. 
after 

the 
Betv 
day: 
plas 
proi 
a r( 
prir 
wer 
the 
r egl 

occu1 t-I 

WdS 

c c 



G. A. ANDREWS, B. W. SITTERSON, A. L. KRETCHMAR and M. BRUCER 137 

unt 
son 
re). 

tes. 
dis- 
hin 
rnd 

ien 
lies 
ays 
age 
ay. 
lue 
hils 
ere 

efly 

Sht 

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 txventy-fifth and 
thirtieth days. During the recovery phase 
there was a rebound to abovc normal values in. 
some patients; the most pronounced elevation 
occurred in the patient who had had the highest 
radiation dose and who had shown the greatest 
thrombocytopenia around the twenty-fifth day. 

Changes in the hemoglobin and hematocrit 
values were pronounced in only two patients. 
The greatest depression of red cell values \\;as 
reached between the thirty-firth and fortieth 
days; the lowest hematocrit value in one of 
these patients was about 30 and in the other 
about 25. These werc the ones \vith the highcst 
radiation dose and the most profound changes 
in the white cell and platelet levels. Recoicry 
in hemoglobin and hematocrit values occiirrcd 
rather gradually but there was a distinct 
reticulocyte increase between thc thirty-fifth 
and fiftieth days, especially in one of the t\vo 
highest-dose patients. 

Bone-marrow studies were performed at  
frequent intervals. During the first 5 days 
after irradiation there was no striking drop in 
total cellularity but a slight relativc dccrease in 
red cell precursors. Giant granulocy tcs were 
seen and degenerative changes in mcgakaryo- 
cytes became prominent. O n  the ninth day 
after the irradiation the drop in total cellularity 
was pronounced and degeneratiIrc clianges in 
the megakaryocytes were more prominent. 
Between the twenty-fourth and thirty-ninth 
days the marrows showed pronoiinccd hypo- 
plasia, and by this time therc Iiad 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 shou.ed activc 
regeneration with hypercellularity. 

Special studies done by I?L.IEDKER and his 
2 

associates a t  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 on the 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 i n  an effort to evaluate their 
clinical condition as accurately as possible. 

For the most part, the results were within 
the normal range of values or were not clearly 
ascribablc to the effcct of exposure. The 
taurine and P-aminoisobutyric acid excretion 
xverc, however, of greater interest. The pre- 
liminary results are suinmai.ized in Table 1 .  

Table  1. Taurine arid p-aminoisobupric acid (BAIB) in 
the wine (Jf accidentally irratfinted hiiniaris 

-~ ~ ~ -~ ~- ~ ~ ~~~~ ~ - ______ 
I 

11 (365)t 4tk1 day 2 73 54..8 
A4 (365)t  16th day 
C (339) 1 s t  day 204 38.4 
E (236) 4th day 2 3 1  15.7 
1: ( 68) 4111 day 109 13.6 

1 4 G  1 
I ( 0,: 103 7.5 

I 
~~ -~ ~. ~~ 

~ ~~ -. - ___ 
* ‘1’0 convert nlg/day 10 /114/tiay. multiply the numbers 

t T h c  nurnbrn in parcnthcsis arc the doses in rads 

T h i s  w;is an ambulatory paticnt who had carcinoma 

in this column by 1000/103.1. 

(7 - 1  neutron). 

or the lung h u r  had not hccri cxposcd to any irradiation. 

These results \vere obtained by applying the 
quantitativc column chromatographic pro- 
cedure of MOORE d U L . ( ~ )  to aliquots of 24 hr 
urine collcctions. 

The taurine excretion is elcvated both 1 day 
and 4 days aftcr exposure. By the sixteenth day 
taurine excrction had returned to the normal 
range in patient A .  Taurine excretion is 
someivhat variable among normal individuals 
and is influenred by dietary intake. These are 
scrious limitations if onc desires to use the level 

1 0 0 5 3 1 0  
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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 at  
4 days, there appears to be a correlation ivith 
dosage. The small number of values available 
and the exception of patient C at 1 day make 
such a conclusion highly tenuous, hoivever. 

The /I-aminoisobutyric acid excretion is 
elevated after irradiation in all of the sub.jects 
and appears to be correlated Tvith dosage. 
This confirms R u n r ~ ' s ( " )  general conclusions 
from liis study of these same patients. Otlicr 
agents, causing DNA brcaktlown, can cause an 
elevated BAIU excretion ; furthermore, sonic 
non-irradiated people haliitually excrete 30 mg 
or more of this sulxtancc daily. h i  elevated 
excretion of this sulxtance does not, thci-cfore, 
necessarily indicatc an  csposure to irradiation. 

DISCUSSION 

This particular I-adiation accident provides 
much information on the changes following 
whole-body irradiation i n  the sublethal range. 
The fact that the paticnts \vert treated with 
great conser\:atism, witliou t blood transfusions 
and with minimal aiitil>iotic.s, seems to indicate 
that such coiiscrvative t1ic:rapy is justifialile. 
Indeed, at  the present slatt: of our lcno~vlcdgc, 
sucli trcatment ~ i i n y  lir prcCcrab1c \vlicn the 
dose is believed t o  be clcfiriitely siililcthal. 
One of tlic greatest ~~roljlcms is determining. 
the close fairly early aficlr thc irradiation. I t  
is of value to pni-sue liotli physical measui-e- 
mcnts and estimates liasctl upon clinical a r i d  
lalioratory olxervatioix o f  patients. A feiv 
examples of such stiitlics can lie cited hcrc. 
General observatioii o f  thc  severity and pcr- 
sistence of the nausea and vomiting, and of tlic 
prcsence or abscncc o f  lever, is important. 
Significant tempcixturr clevation in :hc first 
48 hr ivould suggest a dose higher than that 
encountered in the prcseint serics. A pronounccd 
fall in the lymphocytcs suggcsts that the dose 
has been in the clangerom range, but the 
relationship is not clear lietween further 
increments in dose (in the range of 300 and 
1000 rads, for cxamplc) and further depression 
in the lymphocytes. In thc present series of 
cases the reticulocytcs did not show any very 

pronounced fall during the first 3 or 4 days. 
It may be that by counting a large number 
of cells and obtaining a statistically accurate 
reticulocyte count, it would be possible to make 
an estimate of dosage. If there is an unequi- 
\-oca1 fall in reticulocytes during the first 5 days, 
i t  is prolnlile that  the dose is higher than in the 
presrnt series. Sodium activation studies, 
eithrr based upon total body counts or blood 
radio-assays, have Iieen shoivn to be of great 
value in estimating thc neutron dosage. Early 
studics on P-aminoisobutyric acid and taurine 
may lie cstalJlishcd as \.aluable indices of 
radiation dosimetry. 

(:omparison of our experience with earlier 
rcpcirts of similar accidents and ivitti the 
atom-liomh casualties in Japan, and the Mar- 
sli;illesc Islanders makes it appear that wliole- 
liocly irradiation produces rather predictable 
chxnges in man. The time sequence of these 
chiigcs tends to irrnain fairly uniform for a 
givrii species over quite a large dose range, but 
tlici-ct are \.cry striking differences in the timc 
seqii(;ncc among different species. Small 
aniiiials, in \\hicli much radiobiological research 
is clonc, shoiv both the development and thc 
recc~vrry of the hematologic changes in a 
niiic.11 shorter time than do human beings. 
'The explanation of the delay in the dcvclopment 
of inaxirnal hematologic changes is quite 
con~pl~catetl.  Altliough the normal survival 
and life cycle of the differcnt cell types are 
uncioubtedly important, the timing of the 
changes cannoi tic explained cntirely on this 
llasls. 

l 'he study of the five patients in the Y-12 
accident adds significantly to the information 
available on irradiation effects in human 
beings. More detailed information and analysis 
1 i a s ~ ~ I  on this experience \vi11 lie presented. 
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