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discussed whether homologue affinity lies in the kineto
chore or telomere; these two photographs suggest that 
either one could contain the necessary specificity for 
pairing. 

Thousands of chromosome preparations have been 
observed, but only one example of somatic pairing (Fig. 1) 
and four examples of the qua.drive.lent configuration 
(Fig. 2) have been seen. It is unfortunate that these 
particular chromosome spreads were not labelled, for 
autoradiographic patt,erns might tell something about the 
time during the lifo cycle of a cell when somatic crossing
over and sister chromatid exchange occur. 
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Biological and Physical Dosimetry after 
a Radiation Accident 
AFTER a radiation accident in July 1969 we had the 
opportunity of comparing radiation dose estimates made 
by biological and physical methods. The biological method 
involved counting chromosome aberrations in cultured 
peripheral blood lymphocytes, and the physical method 
was based on a reconstruction of the accident. For the 
conditions of this accident a reasonable agreement was 
obtained between the two methods, which adds to the 
growing confidence in the use of chromosome aberration 
counting for dose assessment in radiation accidents. 

Two industrial radiographers were accidentally exposed 
to 12·5 Ci of cobalt-60 when they wrongly assumed that 
the source had been wound back from the projection tube 
into the shielded container after the completion of a 
series ofra.diographs. Consequently, the men were exposed 
to the unshielded source as they dismantled and carried 
the radiography equipment to their van and during the 
journey (lasting approximately 1 h and 50 min) back to 
headquarters. Only then was it realized that the source 
was unshielded. Their film badges, worn at waist level 
on the front of the body, were sent immediately to the 
Radiological Protection Service for dose evaluation; 
doses of 51 and 46 rads were recorded. 

Blood samples obtained from the men 11 days after the 
exposure were cultured for 45 and 48 h using a separated 
lymphocyte method1 • Slides were prepared and 500 
cells were scored from each individual. The aberrations 
found a.re given in Table 1. 

A calibration curve relating dicentric yield to radiation 
dose given to blood samples in vitro has been obtained 
fol' 250 kV X-rays using the same culture techniques and 
scoring criteria2• From this calibration curve, the equiva
lent whole body doses• corresponding to the measured 
dicentric yields were 37 and 21 rads with 95 per cent 
confidence ranges of 25-50 rads and 10--35 rads, respec
tively, for the two men. 

There are important differences in the conditions of 
exposure between the radiation accident and the in vitro 
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Table 1. OHROllOSOllE ABERRATIONS 

No. of 
cells 
500 
500 

Dicentrlcs 
15 
6 

Centric 
rings 

2 
1 

Acentric 
1·lngs 

1 
1 

Minutes 
0 
2 

165 

calibration experiment which affect the observed dicentric 
yield. First, the blood sample was not obtained immedi
ately after the exposure and lymphoc~·te death and 
production could have lowered the yield3 • Second, the 
men were exposed to a dose of about 20 rads/h whereas the 
rate of calibration was 100 rads/min, and tho yield de
creases with dose rate4 • Third, the accidental exposure 
involved coba.lt-60 radiation and in the calibration 250 kV 
X-rays were used, and there is a relative biological 
effectiveness (RBE) for dicentric yield4 • 

Table 2. BIOLOGIOAL AND PHYSICAL ESTll!ATES OF THE WHOLE BODY DOSE 

Film badge Biological estimate and 95 per Range of physical 
(rads) cent confidence range (rads) estimates-(rads) 

Man 1 51 43 35-65 16-39 
Man 2 46 24 12-40 18-49 

Only the RBE, which is about 0·8 for cobalt-60 gamma 
rays, can be taken into account with the knowledge pre
sently available and this gives the higher estimates of the 
biological dose shown in Table 2. 'l'he wide 95 per cent 
confidence range is a consequence of the small number of 
dicentrics counted, and this is the largest source of uncer
tainty. If the effects of the first and second of these 
differences could be taken into account they would both 
increase the dose estimate but probably not outside the 
given 95 per cent confidence range. 

The physical dose estimate was made from a recon
struction of the accident which involved the use of a 
polythene phantom containing 5 mCi of cobalt-60. The 
wide range of the physical dose estimates is chiefly a 
consequence of uncertainties in the distances of the source 
from the two men during various stages of the exposure, 
particularly during their journey in the Yan. The whole 
body dose from the physical method is an avera~e va:lue 
based on an integral dose5 concept, whereas the b10log10al 
dose is the uniform whole body dose which would give 
the observed dicentric yield. Therefore close agreement 
between average physical dose and the whole body equiva
lent dose• is not expected in this case, where the irradiation 
was not uniform. 

The interest in this work lies in the use of chromosome 
aberrations as a measure of radiation dose in the case of 
serious accidental exposure. Although there a.re many 
problems connected with this type of biological dosimetry 
which need further investigation, this accident demon
strates that doses can be estimated with some confidence 
with the knowledge available. Twenty rads equivalent 
whole body dose is about the lower limit of usefulness of 
this method because of the statistical errors associated 
with a limited amount of cell scoring. Daily scoring of 
fifty cells is considered a reasonable output and t~e pres~nt 
case involved 4 scorer weeks of effort. This scormg 
limitation will not be eliminated until automated chromo
some aberration analysis equipment becomes available. 
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