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Mesure de doses reçues par certains organes,
lesquelles provenaient de rayonnements gamma externes,

dans l'environnement d'un laboratoire de recherche nucléaire.

par

Alun R. Jones

Résumé

On se sert de dosimètres thermoluminescents pour surveiller les expositions aux

rayons gamma dans l'environnement des Laboratoires nucléaires de Chalk River.

Afin de mettre en corrélation les expositions et les doses absorbées par

les personnes dans cet environnement, on a mesuré les doses de divers

positions au moyen d'un fantôme placé a l'extérieur, tout en mesurant

simultanément l'exposition. Les mesures ont été effectuées avec des dosimètres

thermoluminescents sensibilisés pour des expositions pouvant durer plusieurs

mois afin d'obtenir une précision appropriée aux faibles taux d'exposition

rencontrés (5 - 50 liR/h). L'exposition a été mesurée avec des dosimètres

placés à un mètre du sol, sur les quatre côtés du fantôme et à deux mètres

de distance. Les mesures relatives à la radioactivité interne du fantôme ont

montré que cette radioactivité apportait moins de 0.2 yR/h aux dosimètres

placés à l'intérieur du fantôme. Les résultats obtenus avec les rayons gamma

externes provenant de sources terrestres et d'argon 41 sont résumés ci-dessous.

Organe Dose absorbée/Exposition externe, rads (10 mGy)/R

rayons y terrestres rayons y d'argon 41

Moelle osseuse 0.66 0.68

Ovaires 0.63 0.57

Testicules 0.72 0.61

Peau 0.77 0.80

* Rapport présenté au XXIII Congrès annuel de la Health Physics Society
tenu à Minneapolis, Minnesota,du 18 au 23 juin 1978.

L'Energie Atomique du Canada, Limitée
Laboratoires nucléaires de Chalk River
Chalk River, Ontario, KOJ 1J0, Canada
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MEASUREMENT OF ORGAN DOSES FROM EXTERNAL y-RADIATION
IN THE ENVIRONMENT OF A

NUCLEAR RESEARCH LABORATORY*

by

Alun R. Jones

ABSTRACT

Thermcluminescent Dosimeters (TLD) are used to monitor the

y-ray exposure in the environment at the Chalk River Nuclear

Laboratories. To relate the exposure to the doses absorbed by

humans in this environment a set of measurements has been

made of the doses at various sites within a phantom, placed

out-of-doors, while measuring the exposure simultaneously.

The measurements have been made with sensitized LiF-TLD's for

exposures lasting several months in order to obtain adequate

accuracy at the low exposure rates (5 - 50 yR/h) encountered.

The exposure was measured with TLD's placed one metre from

the ground and on four sides of the phantom and two metres

away. Measurements made of the internal radioactivity of the

phantom showed that this contributed less than 0.2 uR/h to the

TLD's lodged within the phantom. Results obtained with external

y-rays from terrestrial sources and ltlAr are summarized below:

Organ Absorbed Dose/External Exposure, rads(10 mGy)/R

Terrestrial y-rays **x Ar y-rays

Bone Marrow 0.66 0.68

Ovaries 0.63 0.57

Testes 0.72 0.61

Skin 0.77 0.S0

*Presented at the Health Physics Society 23rd Annual Meeting
Minneapolis, MN, 1978 June 18-23

Health Physics Branch
Chalk River Nuclear Laboratories

Chalk River, Ontario, K0J 1J0, Canada
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MEASUREMENT OF ORGAN DOSES PROM EXTERNAL y-RADIATION
IN THE ENVIRONMENT OF A

NUCLEAR RESEARCH LABORATORY*

Introduction

by

Alun R. Jones

Y-ray exposures are measured in the surroundings of

nuclear research laboratories and power stations to assess the

increase in exposures due to the operation of these facilities.

Ideally, measurements of exposure are made before the nuclear

facility begins to operate in order to establish a basis for

comparison. Ir, the case of older facilities which operated

before such measurements were made this was not possible. In

any case the assessment of increased exposures due to facility

operation is difficult because the increases are generally

small and exposure rates from other causes fluctuate with time.

Although it is y-ray exposure that is usually measured

we measure this quantity to estimate the dose absorbed by

humans in the surroundings of the nuclear facilities. It is

therefore important to know the relationship between the

measured quantity, exposure, and the inferred quantity, dose.

This relationship will generally be different for y-rays

emitted by naturalJy occurring radioactivity and those due to

radioactive releaf.es from the nuclear facility. The energy

and direction of the y-rays are different in the two cases and

both of these quantities affect the relationship between dose

and exposure. Naturally occurring radioactivity is distributed

in solids - the earth and building materials - whereas y-emitters

released from the nuclear facility will be airborne or distributed

on the surface of the earth as fall-out or both.

* Printed wr.th permission of the Conference organizers
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The Chalk River Nuclear Laboratories are a convenient site

to measure the ratio of dose (in man) to exposure from external

Y-rays both from naturally occurring Y-emitters and from emissions

from the laboratory. At a position within the laboratory area

(but outdoors) about 1 km SE of the reactor stack the background

Y-radiation is mainly due to an "* !Ar plume from the stack since

the wind often blows in this direction. By choosing a position

about 6 km SW of the stack (the site of a low background

counting laboratory and body counter) it is possible to measure

exposure rates almost entirely free from emissions from the

nuclear laboratory.

Description of the Measurements

The ratio of dose to external exposure, natural or of

man-made origin, was made with the arrangements illustrated

in Figure 1 and in the photograph. Dosimeters were placed at

sites in an Alderson Phantom at the locations listed in the

table below:

Dosimeter Sites in the Phantom

Distance in mm from

Red

Cranium
Sternum
Scapula

M 6th Thoracic Vert-
Marrow 2nr, L u m b a r V e r t >

Sacrum
Iliac Crest

Eye (Lens)
Ovary
Testis

(Forehead
Skin < Chest Fr.ont) Height of 7th

(chest Back / Thoracic Vert.

Front Surface

180
20

120
150
130
150
80

5
100
20

0
h 0
t. 220

Back Surface

20
200
40
70
80
70

120

180
110
-

200
220

0
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The phantom which corresponds to the standard man in

dimensions, density and effective atomic number was placed on

a stand above the ground becp.use it lacked legs. Not

shown in the photograph are a plastic raincoat and an aluminum

shield on the head to protect the phantom and dosimeters from rain

and sun.

Each dosimeter consisted of a package of 4 TLD-100 thermo-

luminescent dosimeters (TLD) in a gelatin capsule. The TLD's were

sensitized by pre-irradiation with y-rays to give better precision

at the low levels of exposure afforded by the background in a

convenient time. The pre-irradiation also reduces the energy

dependence of the LiF TLD's which occurs at low energies and could

influence the ratios to be measured since photon scattering by the

phantom must result in a decrease in photon energy.

The total exposure, 0, of the dosimeter within the phantom

is related to the average exposure rate, f$, from external y-rays

by the following relation:

0 = t(6 + 6 + 9 + Y ) + e 1

where t is the exposure period

11 & is the apparent exposure rate due to cosmic rays

" 8 is the exposure rate from activity within the dosimeter

" y is the exposure rate from activity within the phantom

" e is the exposure to the dosimeters before and after

the exposure period (i.e. the sum of the two

exposures 1) from the previous time the dosimeters

were zeroed by the reader up to the beginning of the

exposure period and 2) from the end of the exposure

until they were finally read).

The exposure period, t, was chosen to be long enough to



- 4 -

obtain enough exposure (̂  10 mR) for adequate precision while

being short enough to avoid errors from differential fading. For

the higher exposure rate from "* 'Ar a 49-day exposure was made.

At the lower exposure rates from natural background the period

was 101 days.
To measure the average external exposure rate, a, four

dosimeter packages (each containing 4 TLD's) were mounted on

each of four sides of the phantom. The dosimeters were held

one metre above ground on light wood poles. To protect them

from solar heating the dosimeter packages were wrapped in

reflective aluminum foil and were ventilated to keep the

dosimeters at shade temperature to minimize fading. These

dosimeters were mounted 2 metres away from the phantom to

reduce perturbations of the photon flux incident on these

dosimeters.

The average external exposure rate, a, was related to the

total exposure, E, of the externally mounted dosimeters as follows:

E = t(a + 6 + 6) + e 2

The third group of dosimeters, the controls contained in

the lead shield, were exposed to an exposure C which is defined

by the following relation:

C = t(<5 + e + (f>)+e 3

where <) is the exposure rate from radioactivity contained

within the lead shield.

To obtain the ratio of organ dose to external exposure

the ratio, $/a, of exposure rate within the phantom to the

external exposure rate must be determined. This ratio can be

obtained from equations 1, 2 and 3:

£ = 0 - C - t(y - <t>) ,
a E - C + t<|>
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It should be noted that the exposure rates due to activity

within the phantom (y) and lead (<j>) become important only when the

total exposure to the controls (C) approaches the external and

organ exposures (E and O). This was the case when the phantom

was exposed at a low dose rate to terrestrial y-radiation only.

The exposure rate y was estimated to be 0.1 pR/h by measuring

the y-emitters in the phantom using a whole body counter.

The exposure rate, $, to the controls in the lead shielding

due to the activity in the lead was assumed to be about

1.3 pR/h as reported by Burke.

In the case of bone marrow the values for 0/a were

averaged after weighting for the proportion of active bone

marrow at each site chosen for measurement.

Each value of 0/ct was multiplied by the ratio of dose to

exposure appropriate for the tissue. For high energy y-rays*

(in the range 0.25 - 2 MeV)the dose/exposure ratio is relatively

insensitive to energy.

Discussion of Results

The measurements described were first made with the

phanton exposed over a 49-day period to external y-rays from

natural sources and from lllAr. The average exposure rate was

27 pR/h and the major component of the exposure was from ulAr y-rays.

The first column of the following table shows the measured organ

doses as a fraction of the external exposure. In the second

column are values calculated by Clarke for the case of a

y-emitter of 1.3 MeV (^Ar). In the third column are values

derived from earlier measurements * ' made on the same phantom
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using discrete energy photons of different energies while the

phantom was rotated in the beam.

Table I

Absorbed Dose/External Exposure, rads(10

Organ

Bone Marrow

Ovaries

Testes

Skin (Forehead)

Skin (Front of Chest)

Skin (Back)

Eye (Lens)

Measured
Values

0.68

0.57

0.61

0.87

0.84

0.76

0.84

Calculated
Values

0.67

0.54

0.55

0.80

mGy)/R

(5) Rotating(6)

Phantom
Data

0.71

0.61

0.72

0.89

0.86

0.85

0.89

As can be seen the measured absorbed doses are, at every

site, considerably smaller than the external exposure. The

agreement between the calculated and measured values are within

expected experimental errors. The values previously obtained

with a rotating phantom are expected to be higher since

the photon beam incident on the phantom was entirely horizontal.

Thus, the path length of photons within the phantom is on the

average relatively lower. When the phantom was irradiated by

"* *Ar y-rays many of them penetrated the phantom in other directions

than the horizontal resulting in an increased path length.

Table II gives, in the first column, the corresponding

dose/exposure ratios obtained with the irradiation of the

phantom by y-rays of terrestrial origin. The corresponding

ratios in the second column have been calculated from previous

measurements using a rotating phantom exposed to photon sources

i ac

(7)

with discrete energies weighted according to a spectrum of

natural y-rays calculated by Beck.
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Table II

Absorbed Dose/External Exposure, rads(10 mGy)/R

Organ Measured Rotating

Values Phantom
Data

Bone Marrow 0.66 0.75

Ovaries 0.63 0.65

Testes 0.72 0.73

Skin (Forehead) 0.87 0.95

Skin (Front of Chest) 0.80 0.89

Skin (Back) 0.74 0.89

Eye (Lens) 0.84 0.88

The measured values in Table II agree quite well with the

previous data from a rotating phantom although the measured

values are slightly lower presumably because the path length

in the phantom is longer in the case of terrestrial yrays.

The measured values in Tables I and II agree quite well

except that the testes dose ratio is lower in the case of

'''Ar. This is not surprising since the "Ar plume is above the

phantom while the terrestrial y-rays originate from below.

Some general conclusions can be' drawn.

Since the dose absorbed in the interior of the phantom

is 20 - 40% lower than the external exposure (for y-rays

emitted by "^Ar or activity within and on the soil) a considerable

correction should be made for estimating the dose to humans from

the exposure.

An exposure measurement using a dosimeter at the front

of the chest would give a better indication of penetrating dose

than would a free air measurement.

A correction factor for exposure could be applied to each

organ or the whole body (using appropriate weighting factors
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(8)for each organ ) regardless of the origin of the y-rays

provided their initial energy is high.
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Figure 1: Arrangement of dosimeters to measure exposures within the phantom and in free
air surrounding i t .
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The phantom, control dosimeter shield and supports for external dosimeters
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