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ABSTRACT

Calibrative densities for the unknown neutron dose Df of an
individual accidentally exposed to high doses (>20 rad) of neutrons
are derived. These densities incorporate prior dose information
(e.g.. from a dosimeter reading, or from dose reconstruction efforts),
information from an in vitro calibration experiment with neutrons of
the same energy, and information from the number of dicentric
chromasome aberrations ¥g observed shortly (< 4 weeks) after exposure
in a sample of ng lymphocytes from the exposed individual. If Y, the
number of dicentric aberrations induced by a known neutron dose d in n
lymphocytes is assumed to be Poisson distributed (Y ~ Po(nad)) and if
Df and the parameter a are assumed to have gamma priors it is possible
to give an analytic solution for the calibrative density f(dflﬁ). 9
consists of the calibration data and the observed aberrations in a
sample of lymphocytes from the exposed individual. This density
characterizes the remaining uncertainty about Df after consideration
of the prior information about Df and a and of the data 9.

INTRODUCTION

After accidental exposures to low or high LET radiation it is
desirable to obtain dose estimates for the accident victims.
Estimation of doses is also mandated by regulations dependent on the
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severity of the accident. Personal dosimeters and dose reconstruction
by health physicists can provide initial information about the
-magnitude of the radiation doses. In this paper we take the view that
this prior dose information should be combined with data on chromosome
aberrations observed in a sample of lymphocytes from the accident
victim(s) to reduce the uncertainty about the radiation doses to which
the accident victims were exposed. Data on chromosome aberrations can
be used to make inferences about radiation doses with the help of data
from in vitro calibration experiments. In such experiments
ni(i=l.2....N) lymphocytes are exposed in vitro to several fixed doses
dl and the resulting aberrations y; are scored under the
microscope. The resulting reduction in the dose uncertainty helps
physicians to decide if and how the victim(s) should be treated.

DERIVATION OF THE CALIBRATIVE DENSITY

We are interested in obtaining an expression for the calibrative

1

density f(dfll) . 9 stands for all the data and consists of the

following observed events:

i = {{nyllnl"’x'"l)'"'(YN"VNIDN“N'“N}' (Yf”fl"r)}

The first N events correspond to the data from the “controlled”
calibration experiment. In this experiment ng cells are exposed to
a neutron dose di which is accurately controlled by the
experimenter. In the ng cells so exposed ¥4 chromosome
aberrations are observed. The last event consists of the observation
of Ye chromosome aberrations in ne cells of the accident victim
who was exposed to an unknown neutron dose Df . The subscript [ is
mnemonic for “future"” and indicates that ¥e is observed after the

calibration experiment has been performed.

Derivation of the calibrative density for D, . f(dflﬁ) involves
expressing this density in terms of other densities and probabilities
using the rules of probability. First, we will give a general
derivation without a specific model and priors. This derivation
involves a model parameter a which will later be identified as the
rate at which chromoscme aberrations are produced after neutron

irradiation.
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f(dpl9) = [ £(d;.al®) da
o

J £(dgla,y;.9") f(aly;.9') da (m
0

Where 2' =9 - {yflnf} stands for the calibration data and
{yflnf} is abbreviated by Ye in Equ. (1). Since conditional on « .
Dy is independent of 9' , we can rewrite the last line of Equ. (1):

f(delo) = Z f(dgla.yy) flaly;.9') da
- R s
: }w(yf ldg.a) £(d)  plygla.9') 'f(alsr) w“
< p(y;[a) p(¥177)
= f(dg) Z p(y¢ldg.a) f(al2') da (2)

Equ. (2) states that the calibrative density is proportional to the
prior density for Df and the predictive density for a future number
of chromosome aberrations ¥g - The predictive distribution
incorporates, of course, the information from the calibration
experiment through the posterior distribution f(a|9') . For the
derivation of Equ. (2) we assumed that the prior for Df does not
depend on a . We proceed now to insert the appropriate model and the
prior distributions used into Equ. (2) to obtain the special form of
f{drlﬁ) which applies to dose estimation after neutron irradiation.

In the literature on cytogenctic dosimetry (see e.g. Ref. 2) we
found that a Poisson model for Y . the number of chromosome
aberrations induced, is used for all types - high or low LET - of

ionizing radiation. In the case of neutron exposure this model is:
Y|(a,n,d) ~ Po(nad) (3)
In words the Poisson mean is proportional to the neutron dose d

delivered to the n cells. This simple model neglects the background
rate of chromosome aberrations. Since the background frequency is in
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the range of 1 to 2 per thousand cell:s.3 it can be neglected for doses
of 20 rads and more. We judged gamma priors for a and Dg:

a ~ Ga(a,b), Df ~ Ga(A.B) . The gamma family of distributions is
rich enough to be able to express a multitude of judgements about the
uncertainty surrounding «a and Df and in addition it provides for
the Poisson model the usual mathematical conveniences of a family of

conjugate prior distributions.

Inserting the Poisson model for Y and the priors for a and

Df into Equ. (2) one finds:
B-1 =b
fdela) = a7 (dp + o) exp(-Ad;) (1)
where B =

B+yf,;:l=a/nf with

N N
a=a+2nd and L= y +Y¥:+b
i:lii :i=ll £

The mode of f(d, |9) occurs at

dy = [-'e + (€ + 2ad(8-1) ]/2A

with €=Ad +6+1~-98

In the following section we will use Equ. (4) for a particular
calibration experiment and show graphs of f(dflﬂi) for different
observed ¥g and ne .

EXAMPLE

The example is based on a hypothetical radiation accident with a

210I’o-Be neutron source. Readout of the neutron dosimeter worn by

the victim and subsequent calculations by Bayesian health physicists
based on calibration data for the neutron dosimeter and the geometry
of the accident yielded a calibrative density !‘(df) for the unknown
dose Df to the lymphocytes of the victim which could be approximated
by a Ga(A = .1, B =10) . This gamma density becomes the prior for
the subsequent analysis of dicentric chromosome aberrations in a
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sample of lymphocytes from the victim. In ne = 104 metaphases a
cytogenetic technician scored ¥p = G4 dicentric aberrations shortly
after the accident. Based on calibration experiments with other types
of radiation the prior distribution for a was judged to be

Gafa = 1000 , b = 10) . As stated already earlier Y ~ Po(nod) is
the statistical model. This model is thought to be valid for a wide

range of neutron doscﬁ.z If this model, the gamma priors for o and

TABLE 1. Calibration data for Po-Be Neutrons

(from reference 2)

dose Cells Dicentrics
di {rad) n, ¥y

50 269 102

(5] T8 47

100 115 94

150 20 114

200 84 138

250 50 125

300 37 =T

DF and the ealibration da.ta2 shown in Table 1 are used one obtains
the calibrative density shown in Fig. 1 from Equ. (2). Fig. 1 shows
alsp the prior density for Df . Both densities are divided by
f[dﬂlﬁ} where dH is the modal dose. Fig. 2 shows f[dflﬂ} for

¥p = 8 dieentries in np = 13 metaphases. This density is clearly
wider than f{df|$} shown in Fig. 1. In practice the calibrative
densities could be updated sequentially and scoring of metaphases
could stop whenever the physician is satisfied by the obtained

precision.
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Fig. 1: Prior and calibrative density for D, with ¥ = 64 and n; = 104.
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Fig. 2 : Prier and callbrative density for Dy with y; = 8 and ng = 13,




SUMMARY

We derived calibrative densities for the unlmown neutron dose Df
of a hypothetical accident victim and pointed out that it is possible
to obtain analytic solutions for this type of radiation if gamma
priors and the "public"” Polisson model from the cytogenetic literature
are used. Our calculations neglected the small background frequency
and are therefore only wvalid for doses which evidence a much greater
number of aberrations. Incorporation of a background rate E into
the analysis would extend the results to lower doses. This extension
is presently under investigation. -Another extension invelves exposure

to so-called low LET radiation like ~— and ¥-rays. For this case the

public model® is Y ~ Po[n{a°+n:d+||3d2]] and £(d.[#) cannot be given

in closed form.

It is standard practice to estimate doses for accident vierims by

deterministic procedures using & maximum likelihood estimate for the

model parameters. In our example this would give df = :ft..-‘{nf.n:} as
our estimate of the neutron dose. With this procedure the uncertainty
about DF

personal dosimeter or from dose reconstruction efforts cannot be

cannot be specified and other information about [If from a

incorporated,
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