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FOREWORD

With the worldwide number of persons being monitored for radiation dose
equivalent increasing and the requirements associated with such monitoring
becoming more restrictive, it is particularly important to know how well the
various dosimetry programs are functioning and what steps can be taken to
improve them. With this in mind, the IAEA convened a Technical Committee
(J.l-TC-554) of dosimetry experts at its headquarters in Vienna from 22 to 26
April 1985. The meeting was attended by 19 participants representing 17 member
states, 9 participants representing 6 international organizations, and 3
observers from 3 member states. The participants are listed at the end of
this book.

The present book on Personnel Radiation Dosimetry was prepared by the
Agency on the basis of materials provided by the Technical Committee. The
Agency wishes to express thanks to all participants for their interesting
reports and stimulating discussion which made this document possible. Special
thanks are due to Dr. C.S. Sims of the Oak Ridge National Laboratory (USA) who
served as Chairman of the Technical Committee and subsequently returned to
Vienna as a consultant to assist in the preparation of the manuscript. The
final compilation of the document was the responsibility of Dr. V.E. Aleinikov
of the Agency's Nuclear Safety Division.



EDITORIAL NOTE

In preparing this material for the press, staff of the International Atomic Energy Agency
have mounted and paginated the original manuscripts as submitted by the authors and given
some attention to the presentation.

The views expressed in (he papers, the statements made and the general style adopted are
the responsibility of the named authors. The views do not necessarily reflect those of the govern-
ments of the Member States or organizations under whose auspices the manuscripts were produced.

The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of
their authorities and institutions or of the delimitation of their boundaries.

The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.
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copyright material from other sources.
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1. INTRODUCTION

ThG needs in personnel radiation dosimetry are expanding more rapidly
than the expertise required to maintain and conduct top quality monitoring
programs. It is difficult even for the best of laboratories to remain current
in the light of continually changing legal and technical requirements. The
IAEA has always been interested in improved dosimetry programs and this book
is designed to assist dosimetry professionals in obtaining and understanding
of the current situation in personnel dosimetry, to provide direction for
future dosimetry activity, and to describe a forthcoming dosimetry test
opporturu ty .

2. SCOPE AND OBJ ECTIVES

2.1 SCOPE

This publication is intended for use by persons generally interested in
technical aspects of personnel radiation dosimetry of all types and who want a
concise update of the current worldwide situation. The book is not a detailed
"how to do it" book and does not contain specific procedures guaranteed to
assure success in performing radiation dosimetry.

The publication is also intended for the use of dosimetry program
directors and researchers who want to learn expert opinions concerning
research and development needs in radiation dosimetry. Finally, it is of use
to dosimetry processors who want to plan to participate in truly voluntary
dosimetry upgrade and test studies

2.2 OBJFCTIVES

The three objectives of this publication are stated below.

(a) To define the current worldwide status of personnel radiation dosimetry.

The 21 technical papers presented in Section 3 serve as a summary of the
current worldwide status and recent progress in personnel radiation dosimetry.

(b) To prepare a list of areas in which additional research and development
work is neodod.

The Technical Committee prepared a list of 16 research and development
needs as a guide for future efforts. This list appears in Section 4.
(c) To recommend a framework for an IAEA—sponsored intercomparison program

on personnel dosimetry.
The Technical Committee defined an intercomparison program in terms of 24

specific recommendations. These recommendations appear in Section 5.
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PRESENT STATUS
OF PERSONNEL DOSIMETRY DEVELOPMENT
AT THE NATIONAL ATOMIC ENERGY COMMISSION
IN ARGENTINA

G.E. MASSERA
Comisiôn Nacional de Energia Atômica,
Buenos Aires, Argentina

Abstract

Personnel dosimetry at the N a t i o n a l A t o m i c Energy
Commission in Argentina is described. Developments in
the v a r i o u s detection t e c h n i q u e s s u c c e s s i v e l y employ-
ed and i n v e s t i g a t e d are presented. They i n c l u d e the
use of p h o t o g r a p h i c e m u l s i o n s ( f i l m s ) , t h e r m o l u m i n i s-
cent (TLD), r a d i o p h o t o l u m i n i scent (RPL), s o l i d - s t a t e
n u c l e a r track (SSNTD) and a c t i v a t i o n detectors for
normal and a c c i d e n t a l personnel dosimetry, as wel l as
for other d o s i m e t r i c needs.

The m a t h e m a t i c a l m o d e l l i n g d e v e l o p e d for d o s i m e -
t r i c purposes is described. It i n c l u d e s absorbed dose
d i s t r i b u t i o n assessment in r e l e v a n t organs, aimed at
d e t e r m i n i n g the eff e c t i v e dose e q u i v a l e n t or the ab-
sorbed dose d i s t r i b u t i o n w i t h i n the ICRU sphere for
c o r r e l a t i o n w i t h i n d e x q u a n t i t i e s , a l o n g w i t h p h y s i -
cal s i m u l a t i o n on adequate phantoms.

Present c a l i b r a t i o n f a c i l i t i e s are described and
the set-up of a new c a l i b r a t i o n system is commented,
as w e l l as a p a r t i c i p a t i o n in an i n t e r c o m p a r i s o n of
f i l m dosi meters.

Trends c o n s t i t u t i n g the basis of the v a r i o u s d o s i -
m e t r i c programmes undertaken are described throughout
t h i s report.

1. IN T R O D U C T I O N
Research and d e v e l o p m e n t in the f i e l d of n u c l e a r

a c t i v i t i e s , i n i t i a t e d by the Argentine N a t i o n a l Ato-
mic Energy C o m m i s s i o n (CNEA) in the early f i f t i e s ,
h a v e since attained a steady growth toward the mana-
gement of n u c l e a r technology. Soon were the r a d i a t i o n
hazards recognized and, p a r t i c u l a r l y , so was the need
for e s t a b l i s h i n g a dosimetry system for external
r a d i a t i o n m o n i t o r i n g of the exposed personnel.

The present dosimetry group arised from such need
and grew up in accordance with the growth of the
v a r i o u s n u c l e a r a c t i v i t i e s successively undertaken,
thus p e r f o r m i n g r a d i a t i o n dosimetry both for CNEA's
personnel and for areas related w i t h m e d i c i n e and
industry. T h i s led t h i s team to deal with many and
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d i f f e r e n t complex r a d i a t i o n f i e l d s a n d w i t h d i v e r s e
p e r s o n n e l w o r k i n g c o n d i t i o n s that raised the need for
c o n t i n u o u s d e v e l o p m e n t i n t e c h n i q u e s r a n g i n g between
personnel routine m o n i t o r i n g a n d c r i t i c a l l i t y dose
a ssessment.

T h i s effort in d e v e l o p m e n t was performed t h r o u g h
research work, as a means to i m p r o v e the d e v i c e s and
systems used, and - a l o n g w i t h the e x p e r i e n c e g a i n e d
i n r o u t i n e m o n i t o r i n g - a l l o w e d t o increase t h e capa-
b i l i t y of setting proper c r i t e r i a for the i m p l e m e n -
t a t i o n of dosimetry systems d u l y c o m p l y i n g w i t h the
e x i s t i n g recomendation s.

This report is concerned w i t h the present status
of p e r s o n n e l dosimetry, d e s c r i b i n g the systems em-
p l o y e d , namely: TLD, f i l m , s o l i d - s t a t e n u c l e a r track
detectors and a c t i v a t i o n detectors, as components of
p e r s o n a l dosemeters for normal and a c c i d e n t a l con-
d i t i o n s . Comments are made on the use of mathematical
m o d e l l i n g by s t a t i s t i c a l methods for dose e v a l u a t i o n
and on trends and programmes to be d e v e l o p e d a n d ,
f i n a l l y , an a p p r a i s a l is made of those d o s i m e t r i c
areas c o n s i d e r e d as n e e d i n g a d d i t i o n a l efforts.

2. P R E S E N T D O S I M E T R Y D E V E L O P M E N T STATUS
2.1. Personnel dosimetry

Since the b e g i n n i n g of personnel r a d i a t i o n
m o n i t o r i n g , p h o t o g r a p h i c e m u l s i o n or f i l m has been
the most e x t e n s i v e l y used system. Its w e l l known
c a p a b i l i t y o f g i v i n g p l e n t y o f i n f o r m a t i o n r e l a t e d
w i t h the type, energy and i n c i d e n t d i r e c t i o n of
r a d i a t i o n , p l u s i t s wide dose r a n g e , a l o n g w i t h i t s
easy h a n d l i n g , i d e n t i f i c a t i o n , p r o c e s s i n g a n d r e -
c o r d i n g a d v a n t a g e s are o u t s t a n d i n g features that make
it d i f f i c u l t to match. M o r e o v e r , its l e g a l a d v a n t a g e s
in many n a t i o n a l systems s h o u l d be recognized.

The n u m b e r of f i l m m o n i t o r s that are present-
ly b e i n g processed m o n t h l y on a r o u t i n e b a s i s is ap-
p r o x i m a t e l y 5,000. Most of them are a p p l i e d to r a d i a -
t i o n control o f i n d i v i d u a l s e n g a g e d i n m e d i c a l a n d
i n d u s t r i a l a c t i v i t i e s . The p l a s t i c f i l m badge used is
p r o v i d e d w i t h metal f i l t e r s f o r photon r a d i a t i o n d e -
t e c t i o n w i t h h i g h a n d l o w energy d i s c r i m i n a t i o n . A n
open w i n d o w in its front s i d e is p r o v i d e d for beta
r a d i a t i o n detection.

Since l a s t year, a l o c a l l y made f i l m i s i n
use i n s t e a d of the former imported Kodak T-2. Al-
t h o u g h the dose range of t h i s new f i l m m o n i t o r is
c o n s i d e r a b l y shorter, a l l i t s other response charac-
t e r e i s t i c s are satisfactory. In s p i t e of the fact
that t h i s shortened dose r a n g e may look as a drawback
i n a c c i d e n t a l exposure d e t e c t i o n , t h i s i s overcome



a p p l y i n g the c r i t e r i o n that overexposures detected
through the density saturation of the f i l m w i l l de-
mand further i n v e s t i g a t i o n . Thus, the f i l m monitor is
m a i n l y intended to cover dose ranges at the l e v e l s
encountered when d e a l i n g with stochastic effects.

Neutron detection by n u c l e a r tracks in photo-
g r a p h i c e m u l s i o n , namely Kodak NTA, has been the only
fast t e c h n i q u e a v a i l a b l e for personnel dosimetry, in
s p i t e o f t h e d i f f i c u l t i e s i n v o l v e d i n i t s management,
p a r t i c u l a r l y its severe track f a d i n g w h i c h we tried
to decrease by u s i n g ni trogen-atmosphere p a c k a g i n g ,
p l u s microscope f i e l d s c a n n i n g , a t e d i o u s and t i m e -
c o n s u m i n g t e c h n i q u e of track counting.

Solid state nuc l e a r track detection was not
only considered as an a l t e r n a t i v e but a l s o as a
detection system with broader a p p l i c a t i o n p o s s i b i l i -
ties. C e l l u l o s e n i t r a t e , types LR 115 and CA 8015, as
w e l l as p o l y c a r b o n a t e type Makrofol E, were i n v e s t i -
gated u n t i l e l e c t r o c h e m i c a l e t c h i n g processing based
on the l a t t e r was entirely d e v e l o p e d , r e s u l t i n g in a
r e l i a b l e fast netron detection t e c h n i q u e . A l s o , t h i s
a l l o w e d to e f f i c i e n t l y detect a l p h a p a r t i c l e s and, in
t u r n , to detect thermal and e p i t h e r m a l neutrons by
p l a c i n g an (n,al pha)-reaction converter screen in
contact w i t h the p l y c a r b o n a t e f o i l . This c o m b i n a t i o n
has already been studied as a method a p p l i c a b l e to
t h e r m a l i z e d neutrons i n moderator-based t e c h n i q u e s
d e f i n i n g rem-meters. It was found that, due to the
h i g h thermal neutron detection e f f i c i e n c y , a sen-
s i t i v e p a s s i v e rem-meter could be o b t a i n e d by u s i n g a
25-cm m o d e r a t i n g sphere for neutron stray r a d i a t i o n
dose assessments in work environments.

The a p p l i c a t i o n of the above a l p h a detection
t e c h n i q u e to an a l b e d o neutron personal dosemeter has
been c o n s i d e r e d as part of the l o c a l neutron dosime-
try d e v e l o p m e n t programme.

The t h e r m o l u m i n i scent dosimetry system (TLD)
was i n t r o d u c e d to r a d i a t i o n m o n i t o r i n g about 15 years
ago. LiF p h o s p h o r - e m b e d d e d t e f l o n flat d i s c s were
used for a long t i m e , u n t i l they were replaced by LiF
and CaF„ r i b b o n s of the TLD-700, TLD-600 and TLD-200
types from Harshaw. Even though the TLD system used
has been the one a v a i l a b l e c o m m e r c i a l l y , the m a n u a l -
ly-operated r e a d i n g i n s t r u m e n t was selected for all
a p p l i c a t i o n purposes and a l o c a l l y developed pre and
post i r r a d i a t i o n thermal a n n e a l i n g method w a s a p p l i e d
to meet the r e - u s i n g r e q u irements and to lower the
fadi ng effect.

M o n t h l y , 2,000 TLDs are processed, c o m p r i s i n g
both gamma and neutron r a d i a t i o n -the latt e r in the
thermal and e p i t h e r m a l energy range-, for personal
dose assessment.
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A programme a i m e d at d e v e l o p i n g a s u i t a b l e TL
phosphor detector that may be l o c a l l y manufactured,
and so e a s i l y a v a i l a b l e , was i n i t i a t e d by s t u d y i n g
the response of natural f l u o r i t e powders. The results
were non-acceptable for personnel dosimetry a p p l i c a -
t i o n s due to t h e i r poor r e p r o d u c i b i 1 i t y and low sen-
s i t i v i t y .

At present, studies are underway c o n c e r n i n g
compounds of d y s p r o s i u m - a c t i v a t e d c a l c i u m s u l p h a t e
and of s o d i u m thetraborate. As from p r o m i s i n g
r e s u l t s , it is b e i n g presumed that, in the near
future, a r e l i a b l e phosphor with f a v o u r a b l e dosi-
m e t r i c q u a l i t i e s w i l l b e a v a i l a b l e .

Other fields of a p p l i c a t i o n of TLD dosimetry
are a i m e d at the assessment of the organ dose,
t h r o u g h the use of phantoms, ei t h e r anthropomorphous
-of the Rando type- or s p e c i a l l y designed. R e g u l a r
a p p l i c a t i o n s are: measurements required after
r a d i a t i o n accidents, v e r i f i c a t i o n of organ-dose
m a t h e m a t i c a l m o d e l l i n g a n d d o s i m e t r i c a l e v a l u a t i o n s
i n r a d i a t i o n therapy a n d i n r a d i o d i a g n o s i s .

These correspond to absorbed dose d i s t r i b u -
t i o n d e t e r m i n a t i o n s (such as cerebral i r r a d i a t i o n
surgery w i t h a 9.1 MeV X-ray beam, m a m m o r a d i o g r a p h i c
d i a g n o s i s procedures and computerized X-ray tomo-
graphy of s k u l l and trunk) and to the effective dose
e q u i v a l e n t assessment of . o c c u p â t i o n a l exposures of
the m e d i c a l staff in g y n e c o l o g i c a l Ra-226 i m p l a n t a -
t i o n practices.

TLDs are a l s o a p p l i e d to extended e n v i r o n m e n -
tal r a d i a t i o n m o n i t o r i n g in the s u r r o u n d i n g s of r e l e -
vant n u c l e a r f a c i l i t i e s .

A d d i t i o n a l l y , the a p p l i c a t i o n of s o l i d - s t a t e
r a d i o l u m i n i scent dosemeters (RPL) has been analyzed
on an MC33 French-type g l a s s rod, u s i n g a German
Total reader w i t h m o d i f i c a t i o n s introduced to its
u.v. l i g h t source. E s s e n t i a l l y , the results showed a
h i g h background l i g h t e m i s s i o n , with i t s lower detec-
t i o n l i m i t at a p p r o x i m a t e l y 0.5 rem. Besides, the
s i g n i f i c a n t energy dependence and the h a n d l i n g d i f -
f i c u l t i e s i n i t i a l l y observed would have r e q u i r e d
excessive research investments.

A c t i v a t i o n detectors are m a i n l y a p p l i e d to
c r i t i c a l l i t y accident dosimetry, for w h i c h bare and
c a d m i u m - c o v e r e d I n d i u m foils are used in a s p e c i a l
h o l d e r , along with TLDs for gamma and neutron detec-
tion and polycarbonate SSNTDs for fast neutron com-
ponents. I n d i u m f o i l s are expected to be used as a
first approach in order to screen promptly exposed
persons i n v o l v e d in c r i t i c a l l i t y accidents. Relevant
experience in a c c i d e n t a l dosimetry was gained due to
the accident occurred at the RA-2 research reactor,
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at the Constituyentes Atomic Centre, on September
1983. This was related with the performance of an
assessment of h i g h doses de l i v e r e d by i n t e n s i v e mixed
fields. Such experience w i l l be a p p l i e d to revise the
dosimetry system currently a p p l i e d for such events.

Other a c t i v i t i e s related to personnel dosi-
metry undertaken by the dosimetry team are those con-
cerned with mathematical models -based on the statis-
t i c a l Monte-Carlo method- for the assessment of the
dose e q u i v a l e n t in human-body relevant organs and
tissues, for gamma radiation fields. The same method
has been used for the determination of dose d i s t r i b u -
tions w i t h i n the ICRU sphere for gamma and neutron
fields. Progress attained with this technique has
promoted an increase in these studies through a
broader programme.

2.2. Calib r a t i o n facilities
The dosimetry group uses several standard

gamma and neutron sources for performing repetitive
personnel dosimetry calibrations, by means of the
dose/response relationship, needed in routine m o n i -
toring evaluations. To some extent, these sources are
also used for irradiations necessary in development
work. These are Cs-137 gamma ray sources with differ-
ent a c t i t i v i e s , AmBe (alpha,n) neutron sources and
Cf-252 fission spectrum neutron sources. They are
kept in a shielded room together with the arrange-
ments for exposure procedures.

When more precise calibrations are required
with photon fields, the Secondary Standard sources of
the Regional Reference Centre at the Ezeiza Atomic
Centre is used. There, Co-60 gamma ray and low-energy
X-ray beams are provided for accurate dosemeter c a l i -
b r a t i o n s concerning both dose and energy response.

Other neutron spectrum fields are a v a i l a b l e
from thermal columns in research reactors and from
neutron-producing targets in accelerator beams. The
lack of adequate instruments for a correct deter-
m i n a t i o n of the beam characteristics is a drawback
for c a l i b r a t i o n performance in these r a d i a t i o n
fields.

The need to i m p r o v e i r r a d i a t i o n f a c i l i t i e s
towards better and more precise c a l i b r a t i o n proce-
dures has led to foresee the a p p l i c a t i o n of a new
c a l i b r a t i o n system. It is expected to i n c l u d e a d d i -
t i o n a l standard sources and field measuring in s t r u -
ments, as per the actual requirements for procedures
under specified controlled conditions.
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3. P A R T I C I P A T I O N IN DOSEMETER I N T E R C O M P A R I SONS
The only experience obtained from the p a r t i c i p a -

t i o n in an intercomparison programme is that of one
sponsored by the Panamerican Sanitary Bureau per-
formed in 1978 and he l d at the R e g i o n a l Reference
Centre of the WHO/IAEA in Buenos A i r e s where the
Secondary Standards for r a d i a t i o n dosimetry are esta-
b l i shed.

Such intercomparison programme was aimed at
testing the dose response of f i l m dosemeters when
exposed to different photon f i e l d s from X-rays bet-
ween 0.03 and 0.2 MeV, from Co-60 gamma rays and from
a m i x t u r e of both. E l e v e n a g e n c i e s from South A m e r i -
can countries granting personnel f i l m m o n i t o r i n g ser-
v i c e s were i n v i t e d to p a r t i c i p a t e .

The f i n a l report on the programme issued by the
R e g i o n a l Reference Centre states that only three
o r g a n i z a t i o n s completed the test, w h i l e f i v e did not
submit t h e i r results and the r e m a i n i n g three did not
p a r t i c i p a t e at a l l . Other i n c o n v e n i e n c e s were also
shown, such as delays in the p r e s e n t a t i o n of the
dosimeters for exposure.

4. CONCLUSIONS
Development programmes have been faced on subjects

recognized as important to be followed up. On one
hand, concerning new detectors aimed at r e p l a c i n g the
ones b e i n g used, such as the TLD type and the n u c l e a r
track e m u l s i o n s by s o l i d - s t a t e n u c l e a r track detec-
tors.

The importance of at t a i n i n g good c a l i b r a t i o n and
an adequate r a d i a t i o n response q u a l i t y is regarded as
d e m a n d i n g further continuous studies toward more ac-
curacy and more r e a l i s t i c performances as from
e x p e r i e n c e s i n v o l v i n g routine personnel m o n i t o r i n g
and accident dose assessments, a l o n g w ith a more
i n t e n s i v e use of mathematical models for s i m u l a t e d
radi ati on dosi metry .

R e g a r d i n g intercomparison programmes, further ac-
tion s h o u l d be carried out directed to m a k i n g d o s i -
metry service teams aware of the importance of i n t e r -
comparison in the achievement of an o p t i m a l use of
dosimetry systems.

It is considered that intercomparison programmes
should be specifically designed to meet the needs of
sp e c i f i c groups of countries, t h e i r d e v e l o p m e n t le-
v e l s b e i n g taken into account. In v i e w of the above-
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m e n t i o n e d experience, further programmes s h o u l d be
set up on sound r e a l i s t i c p r i n c i p l e s and in a way
that the p a r t i c i p a n t s may discuss results.

F i n a l l y , it is considered that q u a l i t y assurance
a p p l i e d to dosimetric systems should be mandatory if
the p r e s c r i b e d confidence l e v e l s are to be m a i n t a i n -
ed.
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PERSONNEL MONITORING IN AUSTRIA

C. STRACHOTINSKY
Austrian Research Center Seibersdorf,
Vienna, Austria

Abstract

Personnel monitoring in Austria for about 22.000 occupational exposed
persons is done by four Institutes, partly by TLD's and films.

The Harshaw 2271 system, used by the Austrian Research Center Seibersdorf
is specially described, also the following evaluation and the handling of the
obtained dose values.

The Research Center participates on some intercomparison programmes
in TL-dosimetry, for example organized by PTB on the intercomparison
programme group of the US Department of Energy. A short description
of these programmes and the experiences with them are given.

I. introduction

For more than 20 years the Austrian Research Center Seibersdorf, Department

of Radiation Protection has provided legally authorized personnel monitoring
service for occupational exposed radiation workers all over Austria. After using

filmdosimetry for over ten years already in 1977 film has been replaced by

automated TLD systems which have been in succesful routine operation ever since.
The legal background for personnel monitoring in Austria is given by the Radiation
Protection Legislation originating from 1969. Presently about 21.600 radiation workers
are monitored by four institutions as described in the following table.

CalibrationName of
institute

Dosimetry
System

Number of dosimeters
evaluated per month

Neutron-
dosimeters

Austrian Research
Center Seibersdorf

TLD/L iF
Harshow
227J

13.500 free-air 6LiF/7LiF

Prüfanstalt für
Radiologie, Wien

Film 4.500 free-air none

Institut für Radio-
chemie, Innsbruck

TLD/LiF
Harshaw

2271

2.300 Plexi-
Phantom

6 LiF/ 7 L/F

Londeskronken-
naus Graz

TLD/LiF
Harshaw

2271

r.300 free-oir 6LiF/7LiF
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In the absence of nuclear power plants the use of neutron dosimeters is

extremely limited, approximately 2 - 3 % of the total number of dosimeters.
About 72 % of the occupational^ exposed persons are working m the medical
field, 13 % in industry, the remaining 15 % in research, universities and
governmental services. The legally required monitoring period is one month
for all radiation workers in Austria.

2. The personne/ mon/tonng service of the Austrian Research Center Seibersdorf

2.1 The system consists of three outomoted TLD systems, Harshaw 2271, con-
taining an automated reader, autoranging picoammeter, teletype interface with

high and low threshold alarm. In addition a magnetic tape unit with intellegent
interface has been developed in our institute to provide additional safety against
loss of data and facilitate transfer of data to the central computer of our
Research Center.

The dosimeters are based on cards containing two LiF chips of identical
dimensions (3x3x1 mm) mounted between Teflon foils. A hole code is used for
identification of the dosimeter cards. Natural LiF chips are used for photon and
beta measurements, cards containing LiF/ LiF chips for neutron monitoring.
Although only sensitive to thermal neutrons fast neutrons can be monitored by

the Albedo effect of the human body. The TLD badge contains a filter of
600 mg/cm1 AI and a window with total absorption of 30 mg/cm1 to provide

measurement of skin and depth dose. A/though ICRP recommends skin dose
measurement at 7 mg/cm2 we consider it preferable to cover the TLD chips
with 30 mg/cm1 for protection under practical use.

2.2 The calibration is performed up to now free-in-air based on calculated
photon dose equivalent. H . Following a recent publication of PTB IM we are

changing to a calibration on the ICRU phantom or a plexi phantom with application
of suitable correction factors. Presently our dose records are issued in terms of
dose equivalent (in mSv) measured at 30 mg/cm1 and 600 mg/cm1 in tissue res-
pectively, eventually the conversion factors will be applied to report dose equivalent
Hp(10) for penetrating and HJO,07) for superficial exposure. We expect that

the present filtration of our badge w i l l have to be modified to obtain suitable
energy response.

2.3 For economic reasons a maximum variation in sensitivity, i.e. in volume of

the TLD chips, of •»• 15 % from the mean is accepted. All new dosimeters are
submitted to an acceptance test and each TLD showing the sensitivity variation
of over 15 % from the mean value of all prior dosimeters are returned to the

manufacturer for replacement.
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2.4 For the evaluation of neutron dosimeters the differenc in the reading of
the LiF and LiF chip is multiplied with a conversion factor derived from
a publication by OTTENBBRG 121. This factor is chosen to indicate fast neutron
doses in the MeV range with reasonable accuracy which leads to an overestimation
of thermal neutron doses by a factor of 50 approximately. In the extremely rare
case of high neutron doses on investigation of the radiation quality is required
to apply proper correction factors for neutron dose equivalent.

2.5 Readout of dosimeters: Incoming TLD's are checked for contamination and
placed in cartridges, externally preheated in an oven for 20 minutes at 95°C to
completly eliminate fading (less than I % per month) and inserted into the auto-
mated reader. Each cartridge containing up to 250 dosimeters is equipped with
a set of 5 reference cards irradiated to an accurate reference dose of 2 mSv
(•* 0,5 %) using the panoramic exposure system with a 7 Ci Cs source at
1 m distance in our Dosimetry Laboratory. 131. From the mean value of the 10
reference reading the system calibration factor is calculated by the central
computer. In order to correct for instrument background additionally 5 background/
reference-light check-cards are readout with every cartridge. Heating of the
TLD is performed by a hotfinger driven by solenoid, total readout time for each
card is 40 s.

2.6 After the monthly evaluation is completed around the 15th of each month
(deadline) the collected data on the taps of the three automated systems ore
transferredto the central computer (SIEMENS 4004; for EDP and printing of
dose records etc. The monthly dose reports are printed on computer forms
with preprinted text and contain monthly surface/depth dose and accumulated
quarterly, annual and life-time doses. Excess of legal tolerance limit a monitored
and indicated by the computer. For instant customer information and convenient
filing computer output microfilms (COM) are produced for every dose record.

2.7 The assignment of TLD card numbers to the monitored persons is done
by the computer according to the sequence of the TLD cards in the cartridges.
Each number in the row of the readout is assigned to the next personal number
in the customer file.

2.8 In all cases where high doses above 10 mSv are measured a second (and third)
readout of the same dosimeter is performed. Under the conditions of our system
the residual dose after the first readout is approximately 0,3 % of the original
value. Thus a dose of 10 mSv leads to in increase in the second reading of 30 ySv
which is significantly above normal background. This increase in residual dose
con be used as a legal prove of actual exposure of the dosimeter. Using UV

21



rest/mu/ot/on the residual can be increased to as much as 20 % of the original

value, however, this method is not used in routine since normal second readout

is sufficient for all readings above 10 mSv.

3. Intercomparison measurements

3.1 Working group on external dosimetry of the German-Swiss "Fochverbond
fur Strahlenschutz" /<»/•

A standard test programme has been determined to investigate the performance

of various solid state dosimetry systems for personnel and environmental moni-

toring. The programme was executed dunng the years of 7976 and 7977 and

included totally 43 different TLD and RPL systems. The basic aim of the test

was to determine reproducibility, linearity and lower limit of detection including

quality of equipment. 17 laboratories participated in the test programme. Our

laboratory contributed the evaluation of all four automated TLD systems

commercially available at this time, i.e. Harshaw, Studsvik, Teledyne and National

Panasonic. All measurements and irradiations have been performed in the

participant's laboratory and unified protocol forms were delivered to the test
secretariat, the Nuclear Research Center Karlsruhe. The results of the test

programme have been published in an extended paper M/ which provides an

excellent overview for almost all systems available at that time.

3.2 International environmental dosimeter intercompanson, organized by the

Health & Safety Laboratory of the US Department of Energy ISI

The programme runs periodically since 7974 and our laboratory participated

in every intercompanson since 1976. In this test programme the participants
mail their dosimeters to the secretariat in USA, which are then simultaneoulsy

irradiated in the filed with well-defined environmental radiation doses and
additionally irradiated under laboratory conditions with an accurately known

reference dose. Summarizing the results of our evaluation within these test

programmes the deviation between our results and the mean value of all

results »s less than 20 % for low doses in the range of 0,2 - 0,5 mSv and

less than 10 % for higher dose values. The problem with the measurement of

low doses in our case is due to the excessive transport dose of approximately

0,25 mSv which is caused by the unavoidable long travel time of the dosimeters

to and from US, which is in the same order of the value to be measured.
For all environmental inter comparison measurements dosimeter packages containing

more than one single TLD have been used to improve the accuracy of measurement.

Additionally preirradiated test dosimeters for the determination of the fading
correction have been used throughout the tests. As a result of these tests it
can be stated that generally excellent agreement can be obtained, however,
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for the low doseronge of some hundreds of uSv the transport dose is an
difficult obstacle if the central laboratory is far away from the participant.

3.3 Intercomparison ouf Austrian Personnel Monitoring Services:
The Austrian Federal Office of Metrology (BEV) performed test measurements
for the Austrian PM Services since 1979 including TLD and film dosimeters.
The irradiations included X-rays, gamma radiation of Cs and Co os well as

90beta radiation of Sr/Y. The doseronge extended between 0,2 mSv and 20 mSv.
While the irradiations have been performed at the dosimetry laboratory of the
Austrian Research Center Seibersdorf the evaluation were done at the different
PM Services. Generally deviations were less than +• 20 % from the nominal value.

3.4 PTB /ntercompor/son progromme for personnel monitoring system:
This new programme organized by the Physikalisch-Technische Bundesanstalt
Braunschweig (PTB), FRG, is now in progress. Purpose of the programme is
the measurement of photon radiation only with the aim to test the usefulness
of the quantity "dose equivalent at a point on the surface of the body under
tissue equivalent layers", i.e. Hp (TO) and H^ (0,07) under practical conditions
for penetrating and non-penetrating radiation. As a result of this programme our
laboratory plans to change its present calibration of PM dosimeters including
modification of the energy response. Because of the fact that the ICRU sphere
of 30 cm tissue equivalent material seems not very practical for calibration
of flat dosimeters of 4 x 5 cm the PTB is providing correction factors for
use of flat phantoms for the different ISO qualities.

3.5 European Neutron Personnel Monitoring Intercomparison Programme EMNIP 77:
This programme organized by the CEC Health Directorate was directed to neutron

dosimetry only. The irradiations have been performed at the PTB Braunschweig,
the GSF Neunerberg and BNL Berkeley UK, with different fast and thermal

neutron qualities. The estimation of neutron dose by the participants was per-
formed in three steps, the last step included the actual neutron energy for
each irradiation given by the irradiating laboratory. With the knowledge of the
complete conditions of irradiation energy dependent correction factors could
be applied to obtain better results particularity for irradiations free-in-air.

3.6 International Neutron Personnel Monitoring Intetcomparison Programme
organized by EMNIP and OR ML USA:
This programme was a continuation of EMNIP 77 with participation of the
Oakridge National Laboratory. The results of our evaluations showed an

under estimation of neutron doses in the average of the 50 %.
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3.7 IAEA Postal Dose Intercomparison Programme:
Although this programme is directed to therapy level dosimetry and therefore
not directly relevant to the topic of this paper it is mentioned that our
laboratory regularity participates in this useful intercomparison programme
where irradiations of TLD powder provided by the IAEA is performed at the
participant's laboratory at a nominal dose value of 2 G y and the dosimeters
evaluated by the IAEA. The agreement with the nominal value of the IAEA
in all our irradiations was excellent, within 0,2 %.
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PERSONAL DOSIMETRY IN CANADA -
A PERSPECTIVE FROM CRNL

H. ING, A.R. JONES, W.G. CROSS
Chalk River Nuclear Laboratories,
Atomic Energy of Canada Limited,
Chalk River, Ontario,
Canada

Abstract

A general description is given of the implementation of
external radiation dosimetry in Canada and the particular role of
the Chalk River Nuclear Laboratories. Dosimeters currently in
use in Canada are described and research in areas of beta, gamma
and neutron dosimetry are high-lighted. The participation of
CRNL in various international intercomparisons is summarized.
Recommendations are given regarding future work in personal
dosimetry and the implementation of an international
intercomparison for personal dosimetry.

1. INTRODUCTION

External radiation dosiraetry for persons in Canada is
performed by five agencies: The Radiation Protection Bureau
(RPB) of the federal department of National Health and Welfare,
Atomic Energy of Canada Ltd. (AECL), Hydro Quebec (HQ), New
Brunswick Electric Power Commission (NBEPC) and Ontario Hydro
(OH).

RPB provides a centralized service in Ottawa for a variety
of users in Canada (e.g. hospitals, universities, uranium miners,
etc.). It processes approximately 500,000 beta-gamma badges and
24,000 neutron badges (based on NTA film) per year for over 9000
organizations or individuals. RPB also maintains a National Dose
Registry which is compiled from data drawn from all the
organizations listed above.

The other four agencies provide a dosimetry service for
their own employees. AECL provides separate services at its two
research laboratories - Chalk River Nuclear Laboratories (CRNL)
and the Whiteshell Nuclear Research Establishment (WNRE). Two of
the electric power utilities (HQ and NBEPC) have a single service
each while OH maintains four services at various locations mainly
associated with different nuclear power stations.

Except for NBEPC, the beta-gamma dosimetry services in
Canada use a TLD system [1] developed at CRNL or minor variants
of this system. NBEPC uses the Panasonic Dosimetry system. The
CRNL service covers about 3500 people performing about 100,000
readings each year.
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The present beta-gamma badge used in CRNL is shown in
disassembled form in Fig. 1. The dosimeter plaque is an aluminum
stamping, the size of a standard dental film and carries two LiF
TLD chips. The plaque has identifying numbers readable by eye or
by an automatic TLD reader [1], both developed at CRNL. The two
TLD's are 3.2 mm square; one is a 0.89 mm thick TLD-100 chip and
the other is a 0.38 mm thick TLD-700 chip - both purchased from
the Harshaw Chemical Company. The TLD's, after sensitization
[2], are mounted on adhesive "kapton" (polyimide) tape and
graphite powder is used to cover the exposed adhesive. When the
plaque is inside the moulded plastic case, the thin TLD is
covered (both front and back of the badge) by a black mylar tape
about 7 mg/cm2 thick. The thick TLD is shielded by 2 mm (540
mg/cm2) of Al in order to provide electronic equilibrium for
photons up to 2 MeV and to limit the response to ß-rays. The
thick (234 mg/cm2) dosimeter is used to estimate the whole-body
dose equivalent while the thin TLD (100 mg/cm2) is used to
estimate the dose equivalent to the skin. Since the thick TLD is
made from natural lithium, it also has high sensitivity to
thermal neutrons and can, therefore, indicate the presence of
neutron radiation.

Fig. 1 The CRNL beta-gamma dosimeter badge in disassembled
form. The outside casing is on the bottom left.
The employee photograph normally covers the front
surface of the casing. The plaque holder (on top
left) slides into the casing like a drawer and re-
quires a special tool for pulling it out of the
casing.
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Over the last couple of years, damage track neutron
detectors consisting of polycarbonate and CR-39 plastics have
also been incorporated into the badges of selected workers in
CRNL who might possibly be exposed to neutrons. Unlike the
regular dosimeter plaques which are read every 2 weeks, the
damage track detectors are read only every 6 months. Until
recently, the CR-39 was processed using electrochemical etching
so as to detect neutrons above 0.2 MeV and then read using a
microfiche reader. If there was evidence of neutron exposure,
the polycarbonate would be processed to provide further
information and confirmation of the neutron dose equivalent.
However, the low incidence of neutron exposure observed over the
two year period has prompted us to omit the polycarbonate foil
from badges currently issued, so that only CR-39 is used. Also,
a new etching procedure is now used which allows the detection of
neutrons down to 50 keV.

2. GAMMA AND BETA DOSIMETRY RESEARCH

In recent years, several areas of research in gamma and beta
dosimetry have been undertaken in CRNL. Studies have been made
[3] into the possible use of MgB^OyiDy as a TLD material for
personal dosimetry. Although good sensitivity was found for this
material, the observed fading over a period of two weeks limits
its usefulness to one week dosimetry cycles. Investigations were
made [2] into the properties of sensitized LiF TLD chips by
irradiating them in the range 10^ to 105 R of 60Co
y-rays followed by an annealing process at 290°C in the presence
of 254 nm U.V. light, before using them as personal dosimeters.
This procedure increased the sensitivity 3.8 times and,
therefore, the TLD-100 chips currently used in CRNL badges are
sensitized before they are issued. Investigations are also being
made into better ways of reading TLD dosimeters. A new reader
which uses a CÛ2 laser to heat the chip, rather than the
present method of using a hot anvil, is being assessed to
determine the result of more uniform and linear heating without
surface contact.

In beta dosimetry, an extrapolation chamber of PTB design*
has recently been used to measure dose rates from various sources
after attenuation by absorbers. These measurements provide depth
dose data which are important for skin dosimetry, since the depth
of the sensitive layer in skin is still subject to debate.
Experiments are also under way to determine the properties of
field-effect transistors for application as skin dosimeters by
measuring their response to several standard beta sources(147pm> 204T1 and 90Sr_Y).

The calculations of beta dose distributions for 95 nuclides
(of importance in medicine and radiation protection) in water,
air and other media have now been completed. The published
tables and graphs [4] for point and slab beta sources along with
beta spectra [5] provide useful information in a convenient form
for the determination of beta doses in a variety of radiation
protection applications.

* purchased from Buchler GmbH & Company, Braunschweig, Germany.
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3. NEUTRON DOSIMETRY RESEARCH

Over the last few years, research in neutron dosimetry in
CRNL has concentrated on CR-39 detectors and bubble damage
polymer detectors. The CR-39 work is a continuation of a
program on damage track detectors which started over 15 years
ago. This program has made many contributions to personal
dosimetry such as spark counting [6], the use of 237^p as a
fissionable radiator [7], the use of electrical conductivity for
reading makrofol detectors [8], the reduction of background in
CR-39 detectors [9], etc. Recent research on damage track
detectors has been directed towards the improvement of chemical
and electrochemical etching conditions so as to allow the
detection of keV neutrons with CR-39. In order to understand the
mechanism of etching and the importance of certain parameters, we
have studied the etching of tracks produced by direct irradiation
of CR-39 with alpha particles and protons of various energies,
using the etching cell shown in Fig. 2. Alpha particles from 1
to 5.5 MeV were produced by inserting Al absorbers between an
24lAm source and the detector, whereas protons from 10 keV
to 150 keV were produced by scattering of an accelerator beam
from a thin Au foil (20 pg/cm^) and protons up to 6 MeV were
produced by passing protons of 2.7 MeV and 13.8 MeV (from the
D(d,p)T and D(^He,p)^He reactions respectively) through an Al
wedge filter. It was found [10] that, by varying the time of
pre-etching, the CR-39 can be made to detect preferentially a
particular band of particle energies. Following the suggestion
of Tommasino et al. [11], we have now modified our etching

Fig. 2 Equipment for the etching of damage track detectors.
The etching cell processes 4 foils at once. The
power supply produces up to 2000 volts r.m.s. from
1 to 10 KHz.
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conditions so as to avoid the use of pre-etching. Using a
particular electrochemical etching condition [12], we can now
detect neutrons from 30 keV to 8 MeV with a response per dose
equivalent which varies by less than +^ 40%.

Since 1982, significant effort has been diverted into the
development of the bubble damage polymer detector [13]. This
detector uses tiny, superheated droplets of a detector liquid
uniformly dispersed in a firm, elastic polymer (see Fig. 3).
When a neutron strikes a droplet or its immediate vicinity, the
energy from the recoil charged particles trigger the droplet to
explode. The resulting gas bubble is trapped in the solid medium
at the site of its formation, providing a lasting visual record
of the neutron interaction. For personal neutron dosiraetry, the
bubbles can simply be counted to give a measure of the neutron
dose equivalent.

Fig. 3 Schematic diagram of the bubble-damage polymer
detector.

A large amount of data has now been gathered for various
"bubble detectors" prepared using slightly different techniques.
Some of the data have already been presented [14, 15, 16]. Most
recently, we have measured the energy response of a variety of
bubble detectors and the result for one particular detector is
shown in Fig. 4. This detector detects fast neutrons to below 50
keV and has a response per unit fluence which approximates well
the dose equivalent curve above about 200 keV. This detector
also detects thermal neutrons and, therefore, when used as a
personal dosimeter, can detect albedo neutrons efficiently. It
was found that the combined effect of albedo and incident
neutrons resulted in a personal dosimeter with a remarkably
constant dose equivalent response from thermal to 15 MeV.
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Fig. 4 The response per unit fluence of one type of bubble
detector with neutron energy. The dashed curves
give the kerma and dose equivalent per unit fluence,

A. INTERCOMPARISON EXPERIENCE

The performance of CRNL dosimetry systems has been
ascertained by participation in various international
intercomparisons. CRNL participated in the intercomparisons of
nuclear accident dosimetry (NAD) systems sponsored by the IAEA as
well as in two similar studies sponsored by the Oak Ridge
National Laboratory (ORNL). In the two early NAD
intercomparisons at Valduc [17] and ORNL [18] in 1970, the
neutron doses were determined using the 103Rh(n>n') lOjrn^h,
115In(n,n')115mln and 32S(n,p) 32p fast neutron
detectors while the thermal neutrons were measured using Au and
Cd-Au foils. The gamma doses at Valduc were measured with film
but at ORNL, they were measured with TLD-700's. In the four
subsequent intercomparisons (ORNL, 1971 [19]; Vinca, 1973 [20];
Harwell, 1975 [21] and ORNL, 1978 [22]), the neutron doses were
determined using the mentioned neutron detectors as well as
damage track detectors using 237^p an<j 232-p^ radiators.
Although TLD-700's were also used in the later intercomparisons,
they were contained inside a specially made "Li capsule which
fitted inside the criticality badge. Interpretation of neutron
doses were made using assumed spectral shapes based on the
geometry and material of the critical assembly. Corrections to
readings of -•, -dosimeters were made to account for neutron
contributions. For the TLD-700's shielded with ^Li, these
corrections were always found to be negligible for the n/y ratios
for the particular assemblies used. The results obtained by CRNL
in these intercomparisons were in good agreement with the average
values for all the participants.
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In 1980, CRNL participated in the Personnel Dosimetry
Intercomparison Study at ORNL. Standard CRNL dosimeter badges
(réf. Fig. 1) were mailed to ORNL for irradiation and were
subsequently read in the automated reader in the normal fashion.
Since these badges did not contain special neutron dosimeters,
only gamma doses were reported [23]. These values were based on
the TLD-700 dosimeters since the thick whole-body dosimeter
(TLD-100) indicated the presence of neutrons, as expected.

5. CONCLUDING REMARKS

There are still many problems in personal dosimetry which
must yet be addressed. Perhaps the most basic of these is the
dosimetric quantity which is measured for purposes of radiation
protection. The ICRP has recommended the effective dose
equivalent (Hg) as the basic quantity for radiation protection,
but, since Hg is essentially unmeasurable, the ICRU has
recently recommended [24] the use of dose equivalent indices at
0.07 mm (Hs(0.07)) and 10 mm (Hp(10)) in the ICRU sphere as
appropriate operational quantities. Whether these quantities
will be widely endorsed and how these quantities are to be
modified when the dose equivalent at a specified depth is an
"unacceptable underestimate or overestimate" (24) of Hg are
still uncertain. Of course, it is essential that a definitive
dosimetric quantity be agreed upon before it is possible to
evaluate the performance of various dosimetric systems or
techniques. This requirement became apparent in past
intercomparison studies where the use of different fluence to
dose conversion factors lead to unnecessary confusion and
variation among results quoted by participants.

Another problem of a basic nature is the practical
assessment of the desired dosimetric quantity by the use of a
single dosimetric device. Since the body attenuates and modifies
the incident radiation, the relationship between the desired
quantity and the reading of the dosimeter will depend on the
direction and angular distribution of the radiation field as well
as on the type and energy of the radiation itself. For
y-radiation, measurements have been made at CRNL [25] to assess
the errors which can result when Hg is estimated by a dosimeter
exposed in air or worn on the body. For the air exposure, it was
found that Hg could be estimated to within + 20% for photons up
to at least 1.5 MeV regardless of the direction of the radiation.
However, for the dosimeter worn on the front of the body, Hg can
be underestimated by a factor of 4 (at 50 keV) for irradiation
from behind. This study along with experiments [26] in actual
working environments around nuclear power reactors have led to the
recommendation that two dosimeters be worn in situations where
appreciable exposure is anticipated and the direction of
irradiation is not known. More extreme measures had actually
been implemented, on an experimental basis in criticality
accident dosimetry intercomparisons, where belts containing 4 or
more detectors had been used [27] to define the direction of the
radiation. However, the use of more than one dosimeter packet
had never been popular on a routine operational level. It must
be decided whether the large possible errors associated with
orientation in a radiation field is acceptable within the present
context of radiation protection practice.
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With reference to more technical problems, there is still
the question of the correct depth of the sensitive layer for
skin. More research is needed to determine whether the depth of
0.07 mm is sound on radiobiological basis. In connection with
dose measurements at the correct depth, there is a requirement
for better "surface detectors" with adequate sensitivity. In
addition to field effect transistors which are being investigated
at CRNL, other methods which appear promising are the use of
detectors based on exo-electron emission and pulsed lasers for
heating TLD's.

In terras of gamma dosimetry, there had been a general
feeling among many dosimetrists that LiF TLD's were satisfactory
for most requirements in radiation protection. Despite this
attitude, the more recent use of L̂ B/̂ Ô  by Panasonic in
combination with their high-speed reader has proven to be an
impressive competitor. Clearly, there is still room for other
detectors and systems.

In neutron dosimetry, where there is a great need for a
detector which is capable of meeting even the basic requirements,
the CR-39 damage track detector appears most promising in the
short term. Recent improvements to etching techniques now allow
the detection of neutrons low enough in energy for most radiation
protection purposes. The energy response is also adequate for
many applications, especially if rough information on neutron
spectra can be gleaned from a knowledge of the radiation source.
However, there is still a need to improve the background in CR-39
in order to detect neutrons below about 50 keV. Development of
more automated etching and reading systems have yet to be
undertaken.

The work on bubble detectors for neutron dosimetry carried
out at CRNL holds promise of possible improvements over CR-39 in
the longer term. Bubble detectors have the advantage of
instantaneous reading without processing, a better energy
response and higher sensitivity. However, the bubble detector is
not as advanced in its development and more work is required
before its full potential can be assessed.

With the current developments in the various areas of
personal dosimetry, it may be opportune to introduce a
comprehensive, international intercoraparison program on personal
dosimetry. Since the aim is to determine the skin and the
effective dose equivalent for ionizing radiation in general, the
exposures should be made in mixed fields including beta, gamma
and neutron radiations. The success of such a program will
depend on the method in which it is implemented.

It is well recognized that the IAEA NAD intercomparison was
a highly successful and useful program. In the opinions of many
participants of that program, the reason for its success was that
it provided an opportunity for working dosiraetrists to
congregate, to do measurements side by side, to expose their
measurement and interpretation techniques to peer evaluation and
to defend their final results. The repeated opportunities
presented by the Intercomparisons resulted in the breakdown of
interpersonal barriers, leading to frank and open discussions,
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which in turn generated synergism and the quick identification of
problems and the implementation of sensible solutions. As a
result of that program, the general level of nuclear accident
dosimetry was advanced world-wide.

A similar program to the NAD intercomparison program can be
established for personal dosimetry. The NAD program has shown
that it was possible for various groups to perform good
dosimetric measurements away from their own laboratories.
However, that method of implementation is expensive.
Intercomparisons can be done much more cheaply by mailing in
dosimeters to a designated institution for irradiation and
reporting results later by mail. The latter approach suffers from
the lack of personal interactions and will not generate the
dynamic atmosphere of on-site participation. The trade-off
between cost and program effectiveness involves economic
considerations and can only be decided by the consensus of
interested participants.
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Abstract

The paper discusses the problems of personal neutron dosimetry
and their possible solution using solid state nuclear track detec-
tors and albedo dosemeters. The technique used in operation practi-
ce in Czechoslovakia for neutron dose equivalent estimation is re-
viewed« The two-component dosemeter used in all-state personal do-
simetry sevice is described. The dosemeter is composed of the Mylar
detector sandwiched between two fissioning materials: intermetallic
alloy of uranium and Al and metallic thorium» The method of inter-
pretation of the dose equivalent as well as the detection limits
are given» For special applications in stray neutron fields with
low energies (at atomic power station and geological logging wor-
king sities) the albedo dosemeter system was introduced. A rîumber
of different neutron sources with various moderators were used for
albedo dosemeter calibration. For the neutron spectra determination
the multisphere method was used. A calibration method using two
polyethylene spheres (with diameters of 7,62 and 25,4 cm) was adop-
ted» Three pairs of TLD are centerd inside the spheres. This pro-
cedure allows to detect changes in the neutron fields where the
albedo dosemeters are worn. The results of intercomparisons of
neutron personal dosemeters conducted in the states of CMEA are
presented.

1« Introduction

As we know, currently available personal neutron dosemeters
have severe limitation and despite of the great activity in this
fields, the situation in the individual neutron monitoring is
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still unsatisfactory, probably not only in Czechoslovakia. Even
without a change in maximum permissible neutron exposure (through
new quality factors or other regulatory changes), the difficul-
ties of accurate neutron dose evaluation for radiation protection
purposes are not solved, particularly for the following reasons :
- the energy distribution of neutrons from the sources used in
practice covers more than 9 orders of magnitude (as compared to
three orders in photon radiation) ;
- the dose equivalent to dose ratio is in the case of neutrons re-
markably dependent on the energy as compared to photon radiation
(where the value of the quality factors is close to unity in com-
monly used sources) ;
- the distribution of the radiation energy in the human organism
is (as the result of qualitatively different interaction proces-
ses) in the case of neutrons remarkably more non-uniform than in
the case of photon radiation (except for very low Z-radiation
energies) ;
- there is no simple, in common routine applicable dosemeter of
neutrons, with a response which would aproximate the dose equiva-
lent values.

The correct interpretation of the results in personal neut-
ron dosemetry requires to find the correct relation between the
measured response of a given dosemeter and the dose limitations
used in radiation protection»

The basic requirements for an individual neutron dosemeter can
be summarised as follows :
- the personal neutron dosemeter shall be capable of measuring

neutron dose equivalents at the level of 0,4 mSv, with an accu-
racy within * 50 % of the true dose ;

- the dosemeter shall be independent of neutron energy in the
range from thermal neutrons to 20 MeV ;

- the fading shall be well known and low \
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- the neutron dosemeter shall be able to measure the dose equiva-
lent of about 10 mSv from neutrons in the presence of the dose
equivalent of 30 mSv from gamma radiation (with an energy above
500 keV) in mixed radiation fields. Proper selection of a dose-
meter shall also weight a number of further factors as : orienta-
tion dependence, cost, size and ease of use, temperature dependen-
ce and mechanical properties,as well as,the possibility of auto-
mation of the evaluation» No individual neutron dosemeter can meet
all of the above mentioned requirements needed for satisfactory
dose equivalent assessment. More accurate dosemetric quantities
can be estimated if we could gain some knowledge of the radiation
field by other independent system.

According to the recent trends the effort in personal neut-
ron dosemetry also in Czechoslovakia, has been concentrated on
solid state track detectors (either using "fissionable" radia-
tors, in contact with the detector foil, or proton recoil tracks
in damge track detectors). Various techniques of albedo neutron
dosemetry have been adopted» The renaissance of albedo dosemeters
was determined by the growing emphasis on using two or more va-
rious detectors in combination (mostly albedo + SSTD) . Several
other types of neutron dosemeters are under investigation, mainly
the electret chambers and silicium diodes» Additional informa-
tion about the exposure conditions is given by simple methods
for neutron spectrum estimation»

In my report I review briefly the techniques used in perso-
nal neutron dosemetry in our country and the intercomparison
program of personal dosemeters for mixed fields realized in Cze-
choslovakia on national and international levels in last years.
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2. Description of the method used by national personal dosemetry
service.

The routine dosemetric application of track detectors in
neutron dosemetry has been introduced at the Institute of Research,
Production and Use of Radioisotopes in Prague, in 1979. The appli-
cation was realized using a two component neutron dosemeter, com-
posed of the Mylar detector (10/urn thick), sandwiched between
two fissioning materials : intermetallic alloy of uranium and
aluminium containing 20 % of uranium (by mass), enriched to 90 %
of 235U and metallic thorium (20/um thick) /Trousil.Prouza 1982/.
The complete dosemeter is inserted in a dosemetric badge contai-
ning 1 mm Cd filter which absorbs mainly thermal neutrons. The
gamma dose from the fissionable material on the surface of the

f\

badge doesn't exceed about 50/uGy on the area of 8 cm for 150
hours. For chemical etching of the dosemeters a special device
was developed where 200 detectors are simultaneously processed.
The track counting is made by spark counter where track are coun-
ted under both emitters simultaneously. The standardization of the
whole process is made by a set of dosemeters irradiated with a
252Gf neutron source. The method of dose equivalent estimation
based on the ratio of responses of two detectors having different
response function issues from so called "Maxwell s" method.

The value of the dose equivalent is derived from the ratios
of apparent values of track number established under the uranium
Z ZH,, ... and thorium H~, radiators. The figure 1 shows the dependen-

ce of these ratios on the ratio of the actual value H and apparent
7value Hn A1 found under the uranium radiator. On the basis of theU , A JL

analysis of many neutron spectra these authors had shown that the-
re was an almost deterministic relation between a ratio of track
number measured under the uranium (Ny) and the thorium (NTh) radia-
tors and the dose equivalent H. This relation ( N / N ) = f(H)
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Fig.1 : Relation between the number of track <0 ̂
and the ratio H/HU,A1

Th

is expressed by 3 curves for one type of radiation source depen-
ding on the used shielding.

The bottom curve 1 represents spectra of neutron sources
shielded by moderating materials (graphite, v/ater, polyethylene,
concrete) . Curve 2 corresponds to spectra of neutron sources first
shielded by moderating materials and then by heavy metals (iron,
lead). The last curve 3 characterized the spectra of neutron sour-
ces shielded only by heavy metals.
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In practice it is to expect that spectra of type 3 will, occur
only in laboratory experimental conditions. Spectra of type 2 may
be expected in experimental reactors. Working sites with Am-Be
and Pu-Be neutron sources where measurable values of dose equiva-
lents were found only in the operation practice, will be represen-
ted rather by spectra of type 1 (low ratios of (0 u j^ / |0 i>h ^*

The analysis of errors which may actually occur in using this
système was done for different levels of H and for different ratios

From the analysis performed it is obvious that the dosemetric
system will be able to operate reasonably from a value of 1 ,25 mSv
This ia the first investigation level corresponding to 3/10 of
the portion of the annual limit of the effective dose equivalent
corresponding to the monitoring period«

3« Application of albedo dosemeters in operation practice.

The problem of individual monitoring of working places where
stray neutron fields of low energy and low dose rates are expected
was investigated at the Research Institute of Preventive Medicine.
The assessment was made mainly at the geological, logging working

Q A 1 9 ̂ 9sites using Am-Be and Of neutron sources and various facili-
ties at atomic power station. We have adopted the well known albe-
do dosemeter system developed by Pleach /?/ , which contains three

6 7pairs of Harshaw thermoluminiscence chips LiP/ LiP located in a
boron plastic capsule»

The neutron dose equivalent estimation is based mainly on
dosemeter pair i , located inside the boron capsule, in front of
the body» The dosemeter allows a separated indication of incident
neutrons by the pair of TLD located in the place .a , in addition,
the pair of dosemeters in the middle position m, may be used for
epithermal neutron evaluation. The albedo dosemeters are fixed on
a belt and used on two opposite sides, that is in front and at
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back of the wearer» The main problem in albedo dosemetry is to
optimise the readout procedure and to calibrate the dosemeter
in the environment of each neutron source, by applying simple
neutron spectra measurements and phantom calibrations. It was
performed a detail analysis of the behaviour of albedo dosemeters
in various neutron fields. We irradiated the albedo dosemeters in
the following neutron fields :

- •* Of source of neutrons (installed in RIPM with an emission
9 —1rate of 1,1 »1Cr s ), unshielded and located in the middle of

a 10 cm PE sphere, resp. iron sphere ;
P A1- Am-Be source unshielded and located in PE spheres with the
diameter of 10 cm , 12,7 cm and 30 cm, as well as located behind
a 10 cm thick water shield ;

- reactor spectrum of the Joint Institute of Nuclear Research in
Dubna ;

- several working places of the atomic power station in Jaslovské
Bohunice.

For the neutron spectra determination the multisphere method
was used in combination with SAND unfolding method. Three paires
of TL dosemeters were used as the detecting elements inside the
PE spheres. The absolute calibration of the detectors in 5 spheres
of various diameters (5,08 cm, 7,62 cm, 12,7 cm, 20,3 cm and 25,4)

252was realized by the J Cf source theoreticaly calculated using an
analytic formula. The albedo dosemeters were located on an Alderson-
type phantom. A standard geometry of irradiation was used. In all
experiments the source was located at 1,25 m to the floor, at a
distance of 30 cm to target.

In the figure 2 the ratio of the dose equivalent H (from the
spectrum measurement) to the response of the albedo dosemeter i
is plotted versus the ratio of the data obtained using two PE sphe-
res (7,62 cm and 25,4 cm). From this curve we can read the calibra-
tion factor H/i for an unknown field (n,gamma) if we measure the
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responses of the detectors within 2 spheres with diameters of 7,62
and 25*4 cm.

This idea of calibration of albedo dosemeters is based
on the fact that the response function of 3" and 10" sphere
moderators is similar to the response function of ICRP dose equi-
valent»

We have made a number of measurements at different locations
and in different neutron fields with low average neutron energy.
The error was not exceeding * 35 %•

The application of albedo dosemeters is more complicated in
the mixed fields where the gamma-radiation contributes with a lar-
ge proportion to the total dose equivalent.

With respect to the application of albedo dosemeters in rou-
tine monitoring there is a trend to more simple and reliable dose-
meter designs which can be applied for an automatic readout.
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A combination with the simultaneous measurements of gamma-
rays and with additional track etching detectors is attractive.
This could provide an information about the neutron spectrum /9/

4« Sumary of neutron personel dosimetry intercomparisons.

The intercomparison of methods used in mixed fields of neut-
rons and gamma radiation have been done in Czechoslovakia from
the 1975 year. Up to this time 12 intercomparisons between 10 la-
boratories of 7 socialist countries have been done (tab.1).

Tab. 1 A review of intercomparisons realized in Czechoslovakia

t

WHERE

1

2

3

4

5

6

7

8

9

10

11

12

TK-VVH-S reactor thermal column
Hez
14-MeV-NA-2 generator
Praha
2S2J Cf neutron source
Praha
IBR-30 reactor
Dubna
Shield - VVR-S reactor
Budapest
235U - WR-S reactor
Swierk
Shield - SR-0 achool reactor
Plzen
Shield - U-120 cyclotron
Dresden
Shield Cf neutron source
Praha
Shield - Ara-Be neutron source
Praha
Shield - 14 MeV-NA-2 generator
Praha
Shield 252Cf neutron source
Bratislava

WHEN

1975

1975

1976-77

1975-79

1977

1979

1979

1980

1979-81

1979-81

1979-81

1982

TYPE

NAT

NAT

NAT

I NT

I NT

I NT

NAT

I NT

I NT

I NT

I NT

I NT
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In the table 2 there are the types of detectors used in national

and international comparisons of dosimetry methods. For the detec-

tors, given in the table, the sensitivity, accuracy and method

of interpretation are known.

Tab. 2 Detec tors used in the intercomparisons

Activat ion

detectors

SSTD 4-

act ivat ion

detectors

Solid state

detectors

TLD

Film. dos.

Photolum.dos •

lonization

chamber

GM counter

Type

Au, Au+Cd, In, Na

Au, Au+Cd, In, S
Mn, Cu, Pe, Al , Zn

Th* Unaf Uenr (W ^^ +
Melinex 0

T h / N p , unat, adepl
, AU

Au+Cd + soda lime glass

Uenr(90?0
 2 3 5U), Th

+ Mylar

Th, 235U, 235U+Cd,

Th + Unat "*" Mioa

SiD

7LiF, "LiP, CaS04, A1203

P + glass

ORWO RD-3

DK-70

tissue equivalent (A 150)

aluminium

iron wall filled by argon

References

T O

11

12

13

H

15

16

17, 18

17

17

19

19
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The first aim of these intercomparisons was to estimate the
corresponding dosimetric quantities using the known energy and
angle distribution in the radiation field» This we have done for
various types of sources and various detector systems.

The second aim of intercomparisons was to estimate the
error range in neutron fields with unknown parameters of radia-
tion field.

Analysis of reported neutron measurements in the first sta-
ge of intercomparisons are related to the first aim of this expe-
riments. References about the neutron spectra were obtained using
a set of activation and track detectors, and various neutron
spectra unfolding methods.

In this case the deviation of the mean values (except of the
neutron generator) does not exceed - (20-25) %•

The observed inaccuracies in the reported results atributed
primarily to three areas - calibration, selection of the basic
dosemeter type and dose equivalent estimation. Failure to make
adequate corrections for effects of differences between calibra-
tion and measured neutron energy spectra on dosemeter responses
was probably the major contributor.

Poorest accuracies were obtained in the case of unknown
spectral information.

The second stage of comparisons was conducting in nine'dif-
ferent radiation fields (each of the 3 used sources was moderated
(graphit, polyethylen, lead). The irradiation conditions are in
the table 3 and the information of spectral distribution were
unknown by participants.
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Tab. 3 Characteristics of neutron fields and shieldings used

in intercomparisons (in the years 1979-1982)

Field No.

1

2

3

4

5

6

7

8

9

10

11

12

Sources of neutrons

252Cf in parafin
cylinder (0=30 cm)

241A»-Be

T (d,n)

252Gf
Bratislava

Shielding

polyethylene plate (d»8 cm)
— oconcrete plate (200 kg m )

lead plate (d = 10 cm)

in polyethylene sphere
(0 - 25,4 cm)

in graphite sphere (0-25, 4cm)

lead plate (d = 10 cm)

polyethylene plate (d = 16 cm)
— oconcrete (300 kg m

lead plate (d = 10 cm)

free air

in polyethyl. sphere (0=10cm)

in iron sphere (0=10 cm)

The fig»3 shows the analysis of the results of neutron dose

equivalents, related to the reference value for various detectors,

neutron sources and shields used. Ftom the figure 3 following con-

clusions can be done :

- the SSTD neutron dosemeters meet the criteria for radiation pro-

tection purposes (^ 50 % of reference values), but in some cases

underestimate the true dose equivalent ;

- nuclear emulsions are less accurate in the case of neutron

generator irradiations ;
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H.

An-Be

„- SSTD
« — nuclear emulsion
,_ albado dosimeter
H - neutron dosa équi-valent
H - reference value ofneutron dose equival

T(d,n)

Fig.3 : Results of neutron dosemeter Intel-comparison (numbers
on the X-axis are the same as in the Table 3)

- application of albedo dosemeters needs the information about
the neutron energy spectra and is strongly dependent on the par-
ticipation of thermal neutrons in the spectrum«

On the fig. 4 are the results of the intercomparison of gamma
dosemeters. In this case the ratio of the dose equivalent measu-
red with TLD and film plotted against the used sources and shields,
The doses measured with TLD dosemeters are in some cases higher
than those measured by film dosemeter»

In 1982 was performed an intercomparison at ^ Cf source
installed in Bratislava. Measurements were realized in the field
of unshielded Cf source and that of •* Cf source inside the
spheres of polyethylene, resp. iron (0 » 10 cm).
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Pig»4 : Results of gamma dosemeter intercomparison (numbers

on the X-axis are the same as in the Table 3)

In fig« 5 are given the results obtained by neutron dose-
meters, They can be judged as satisfactory for radiation protec-
tion purposes.

The intercomparison results allow :
1» To carry out an inventory of methods and detectors for practi-

cal use in routine personal dosimetry,
2 • to improve the level of calibration technique and to unify

the interpretation of the dosemeter responses,
3 • to recongnize the problems and directions for further impro-

vement and development of an integrating neutron personal
monitoring system»

The discrepancies observed in some cases are too high to be
acceptable without their further analysis and verification. In the
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0,5

Cî froa air
(l - 15cm)

.- SSTD
•- Ionisation chamber
' - albedo dosimeter

Cf phantom
(l- 30cm)
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252Fig.5 : Intercomparison results at ^ Cf source measured with

SSTD, ionisation chamber and albedo dosemeters
(numbers on the X-axis are in accordance with Table 3)

states of CMEA are planed and conducted further interccmparisons
using calculated reference values based on experimentaly esti-
mated neutron energy spectra.
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SOME ASPECTS OF PLANNING INTERCOMPARISONS
OF INDIVIDUAL MONITORS
FOR EXTERNAL RADIATION EXPOSURE

J. BÖHM
Physikalisch-Technische Bundesanstalt,
Braunschweig,
Federal Republic of Germany

Abstract
The work contributes the Federal Republic of Ger-

many's point of view to the discussion of procedures
and the collection of data for intercomparisons of in-
dividual monitors for external radiation exposure.
At present, film dosemeters are most often used to
monitor whole body exposures to photon radiation
(97 %), glass dosemeters play a minor role (3 %)•
Thermoluminescence dosemeters are only used for moni-
toring partial body exposure.

The planning of intercomparisons, both of doseme-
ter systems and dosemeter services, should be strict-
ly guided by the general objectives of individual
monitoring which are summarized. The lack of a trans-
lation of these objectives into detailed detector-in-
dependent requirements for dosemeter systems makes
any intercomparison difficult. It would probably be
more efficient to evaluate such requirements prior
to any intercomparison.

Regarding national activities, an intercomparison
of photon dosemeter systems is in progress in which
their suitability to measure some recently proposed
phantom-related dosimetric quantités is being studied,
Another intercomparison of photon dosemeters to study
their dose equivalent response for slow neutrons was
completed in 1984. The authorized dosemeter services
are routinely controlled every year by irradiating
samples of 30 photon dosemeters of each type. At pre-
sent, a recently developed universal neutron dose-
meter system is under test by 4 services.
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1. INTRODUCTION

The aim of the present technical meeting is to
discuss procedures and to collect data for the in-
tercomparison of dosemeter systems for individual
monitoring. This work's contribution to these sub-
jects is from the Federal Republic of Germany's point
of view. After a brief description of the current
national status of individual monitoring, the general
objectives of individual monitoring and the different
types of intercomparisons are outlined and supple-
mented with information about the respective current
national activities.

2. CURRENT STATUS OF INDIVIDUAL MONITORING IN THE
FEDERAL REPUBLIC OF GERMANY

About 210000 radiation workers are subject to
individual monitoring of external radiation in the
Federal Republic of Germany according to the "X-Ray
Ordinance" and the "Radiation Protection Ordi-

(2)nance" . Each radiation worker must wear at least
one individual dosemeter obtained from one of the
five officially authorized dosemeter services. Re-
quirements for these dosemeter services with respect
to technical equipment and personnel are published

(3)in the form of a national directive . Film dose-
meters evaluated with a filter analysis procedure
are most often (97 %} used to monitor the whole body
exposure to photon radiation. Glass dosemeters play
a minor role (3 %)• They are issued by only two dose-
meter services and are approved for measurements of
photons with energies above 45 keV. According to the
national directive thermoluminescence dosemeters
may be used only for partial body dosimetry of photon
and beta radiation. This status will probably remain
unchanged in the near future. Nuclear track emulsion
films are distributed to measure neutrons of ener-
gies greater than about 0.5 MeV. A new thermolumi-
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nescent albedo dosemeter for the measurement of less
energetic neutrons is under test (sec. 3.2.2). The
operational radiation protection monitoring system
in the Federal Republic of Germany has recently been
described elsewhere

In addition to the mandatory individual dosemeter
of the authorized dosemeter services, a number of
radiation workers wear a directly readable dosemeter,
usually of the penholder type. The use of an additi-
onal independent dosemeter is obligatory for workers
whose supervision is governed by the "X-Ray Ordi-

( 2)nance" . Not every type of individual dosemeter
may be employed as an additional dosemeter. All dose-
meters with ionization chambers, Geiger-Müller coun-
ters, proportional counters, and seintillators with
photomultipliers used for measurements required by
one of the above mentioned ordinances must be veri-
fied according to the "Ordinance on the Compulsory
Calibration of Measuring Instruments" . A prere-
quisite for the verification of a dosemeter is its
pattern approval by the Physikalisch- Technische
Bundesanstalt (PTB) for which requirements have been

(7)published

3. ASPECTS OF PLANNING INTERCOMPARISONS

Any planning of an intercomparison should be
strictly guided by the objectives of individual moni-
toring (sec.3.1). The great effort usually afforded
by all participants of an intercomparison should not
be split up into too many difficult tasks, the re-
sults of which cannot be evaluated clearly. Instead,
a few really relevant topics should be concentrated
on. In general, a choice must be made between two
types of intercomparisons: the intercomparison of
dosemeter systems and services (sees. 3-2 and 3-3).

A prerequisite for a successful intercomparison
is the correct performance of irradiations and tests
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of the dosemeters. The spectral and directional dis-
tribution of the fluence of the radiation should be
known, and the calibration quantities used should be
traceable to primary standards. It has been proved
to be advantageous in large scale intercoraparisons
that at least one primary standard laboratory parti-
cipates in the early stage of the intercomparison.

3.1 OBJECTIVES OF INDIVIDUAL MONITORING^8>9)

Individual monitoring is used to demonstrate
that set limits of exposure have not been exceeded
and that working conditions have not deteriorated
unexpectedly.

In particular, individual monitoring is needed
for the following purposes:
- To provide the information needed for estimating

the exposure of workers in terms of those quanti-
ties in which the limits - either primary, secon-
dary or derived - are expressed.

- To provide information in the event of accidental
exposures .

- To provide information about the trends of radi-
ation exposures.

- To provide information about the conditions of
the workplace.

- To improve the workers' attitudes to radiation
protection in order to reduce their exposures as
a result of information given to them.

- To demonstrate the adequacy of supervision, training
and engineering standards.

- Possibly, to provide data for epidemiological
studies, risk/benefit analyses (optimization proce-
dures) and medical/legal purposes.
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3.2 INTERCOMPARISON OF DOSEMETER SYSTEMS

3.2.1 GENERAL

One of the possibilities of inter-comparisons
of individual monitoring is the intercomparison of
dosemeter systems. It must be borne in mind that
a dosemeter system consists of several components:

- a number of individual dosemeters of the same type,
- an indicating device,
- possibly auxiliary devices for performing the eva-

luation, calibration or re-use of the individual
dosemeters ,

- instructions for use containing the description
of the evaluation and calibration procedure.

Changing any of these components will generate,
in principal, a new dosemeter system which might per-
form differently. The comparison of dosemeter systems
is expedient if it is orientated to an adequate com-
parison standard, i.e. if detailed requirements and
test procedures exist based on the fundamental aspects
and concepts of individual monitoring . The re-
quirements should specify, for example, the range
of use, the repeatability, the energy dependence
and the angular dependence of the response,and the
detection of malfunction, and would be different for
whole body and partial body dosemeters and according
to whether the dosemeters are worn by category A or B
workers.

Unfortunately, however, a detailed catalogue
of such detector-independent requirements does not
yet exist. Comparisons of the characteristics of
dosemeter systems are sometimes performed without
knowing how to judge the results with respect to
the objectives of individual monitoring given in
section 3.1. Moreover, the selection of tests may
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anticipate the performance of a dosemeter system:
For example, the request to determine a non-dosi-
metric quantity like the mean energy of the incident
photon radiation will present no difficulties for
a film dosemeter system but does so for a two-element
TLD-card, whereas the performance in measuring low
doses with good repeatability may be just the reverse

This demonstrates the importance of the choice
of adequate requirements and hence of following tests
and irradiations for an intercomparison. An inter-
comparison may be a valuable tool to focus attention
on the need for basic requirements for dosemeter
systems.

Intercomparisons of dosemeter systems may, in
addition, be efficient in providing data which are
difficult for one single participant to obtain, as
he may not have suitable irradiation facilities.

3.2.2 NATIONAL ACTIVITIES

The "dose measurement of external radiation"
working group in the German/Swiss "Fachverband für
Strahlenschutz e.V." (member of IRPA) initiated an
intercomparison program for dosemeter systems for
photon radiation at the beginning of 1985 as a re-
sult of a discussion of some proposals for new dosi-
metric quantities to be measured for routine radi-
ation surveillance. In the course of this inter-
comparison program 30 dosemeters of every dosemeter
system employed in the Federal Republic of Germany
and in Switzerland will be irradiated free in air or
at the surface of a phantom with photon radiations of
unknown radiation qualitites and directions. In ad-
dition, tests will be performed to study the effects
of visible and ultraviolet solar light, moist heat,
and mechanical shock. All tests and irradiations will
be carried out at the PTB in Braunschweig, a venture
sponsored by the Minister of the Interior of the
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Federal Republic of Germany. After the irradiations
and tests at the PTB, the dosemeters will be sent
back to the respective dosemeter services for eva-
luation. A seminar on the results of the intercompari-
son will be organized in autumn 1985.

Another intercomparison was performed in 1984
to study the response of photon dosemeters to slow
neutrons . Several photon dosemeters were exposed
to a slow-neutron beam with a mean energy of 0.028 eV
at the Research and Measuring Reactor in Braunschweig.
The ratio of the photon to slow- neutron dose equiv-
alent was very small (below 1:2800).

Excellent facilities for the intercomparison
( 12)of neutron dosemeters are available at the PTB

Monoenergetic neutrons produced by nuclear reactions
with a Van de Graaf accelerator or a cyclotron, fil-
tered reactor beams, and radionuclide neutron sources
which cover the range of ISO- recommended energies and
sources are available. The PTB took part in several
international fluence intercomparisons organized
by the BIPM, Paris, in the years from 1975 to 1984.

3-3 INTERCOMPARISON OF DOSEMETER SERVICES

3.3. 1 GENERAL

The aim of this type of intercomparison is to com-
pare the level of confidence attributable to routine
radiation surveillance, including possible deficien-
cies in dosemeter services. In general, the observed
deviations and uncertainties depend on
- the type of dosemeter system employed,
- the routine checks and calibration of the dosemeter

system,
- the training and checking of the staff of the dose-

meter service .

The case in which the last two points are con-
sidered to have been carried out optimally has been
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dealt with in section 3-2: this is an intercomparison
of doseraeter systems. But in general, the uncertainty
of the results may be influenced by all three points
mentioned above, the respective contribution of which
often cannot be analysed. In order to facilitate the
interpretation with respect to these contributions
it is advantageous to organize such an intercomparison
with participants who all have the same type of dose-
meter system. Differences in the results are then
clearly recognizable as stemming from the various
dosemeter services and may therefore lead to an ex-
change of expertise between these services. Moreover,
if different types of dosemeter systems are involved
in the intercomparison, dosemeter services may reflect
upon their choice of dosemeter system as a result
of the intercomparison, just as in a comparison of
dosemeter systems alone.

The success of an intercomparison of dosemeter
services depends on whether the organizer is able
to banish the fears less skilled dosemeter services
may have in participating. If there is no external
compulsion for a dosemeter service to participate,
e.g. from a government, participation will only be
achieved if strict anonymity of the participants
is preserved.

3-3.2 NATIONAL ACTIVITIES

The authorized dosemeter services in the Federal
Republic of Germany are checked once a year according
to a national directive . Each service must parti-
cipate with its official individual dosemeters for
photon radiation. 30 dosemeters of each type are irra-
diated by the PTB free in air with doses and radiation
qualities unknown to the participants. 5 dosemeters
of each type are assigned to be evaluated within one
day, the rest within 21 days. At the most, 10 % of
the reported doses may lie outside permissible error
limits stated in the national directive . Figures
1 to 3 show the dependence of the ratio of the repor-
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Figure 1. 101 film dosemeters irradiated, U beyond
permissible limits.
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Figure 2. 109 glass dosemeters irradiated, 8 beyond
permissible limits.

SO toi 510 1110 SOlO

Figure 3: 231 thermoluminescence dosemeters irradi-
ated, 3 beyond permissible limits.

Quotient r = (measured value of H of the autho-
rized dosemeter servi ce)/(stated value of H of
the PTB), dependent on the mean photon energy,
for H values above 10 mSv. HX is the exposure
in free air multiplied by 0.01 Sv/R The two pa-
rallel solid lines indicate the permissible error
limits according to the national directive .
The mean values of r, F, obtained for different
mean photon energies, are connected by solid lines,
whereas the values of F + s and 7 - s, respective-
ly, are connected by dotted lines, s is the experi-
mental standard deviation of a single measurement.
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(a)

BETA WINDOW

-BORON PLASTIC

Tt-OGSEMETER

TRACK DETECTOR
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ALBEDO NEUTRON WINDOW

(b)

Figure 4: Universal albedo neutron dosemeter de-
(14)veloped at Karlsruhe . The albedo neutron windows

have been optimised and designed separately for
TLD cards manufactured by Alnor, Harshaw, Pana-
sonic, Teledyne and Vinten (figure (a)). The combi-
nation of TLDs and track etching detectors is shown
on figure (b).
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ted to the correct dose equivalent with the mean ener-
gy of the photon radiation obtained for the years
1981 to 1984.

At present, the test of a universal neutron dose-
meter system (figure 4) which was recently developed
at the Karlsruhe Nuclear Research Centre is in
progress. A number of such dosemeters are being dis-
tributed by 4 authorized dosemeter services in the
Federal Republic of Germany to gain experience on
a larger scale. The first part of the intercomparison
will reveal where neutrons actually contribute to
the exposure of radiation workers.

4. CONCLUSION

A successful intercomparison of individual moni-
tors for external radiation exposures requires a com-
prehensive analysis of the aim of the intercomparison
prior to the execution. This is made difficult since
detailed basic requirements of dosemeter systems are
lacking. It would possibly be more efficient to eva-
luate such detect or-independent requirements prior
to an intercomparison .
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PERSONNEL DOSIMETRY IN FINLAND

M. TOIVONEN, O. PUKKILA
Finnish Centre for Radiation and Nuclear Safety,
Helsinki, Finland

Abstract

The regulations concerning personnel dosimetry in
Finland and the practices of the national monitoring
and dose record keeping service are described briefly.
The dosimeter used by the service is a combination of
film and TL dosimeter. In the nuclear power stations
the personnel dosimetry is based on the automatic TLD.

In the developments to make the TLD practices of the
national service automatic, special attention has
been paid to the quality control of the large scale
operation. Our solution to the problems is an automatic
sort out of dosimeter cards with elevated zero dose
background or with too long period from the previous
sensitivity check. Attempts to find a system to
identify the wearer of the dosimeter in a practical
way but with high reliability have not been succesful.
Therefore we ask today whether we overestimate the
advantages of the automatiation in servicing more than
1000 customers, each of which has only a ten radiation
workers on the average.

Records are kept on radiation workers including those
of the nuclear power stations. Our way to apply the
dose limitation system of the ICRP in practical record
keeping is described. Further, a practical problem
of record keeping when the person is working for several
employers is described.

1. INTRODUCTION

The use of radioactive substances or apparatus requires
a licence from the Finnish Centre for Radiation and
Nuclear Safety (FCRNS) or from the National Board of
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Health for medical applications. To get and keep the
licence the user must denominate a radiation protection
officer, which has passed an examination before a board
of specialists. The officer is responsible for the
adequacy of personnel dosimetry and dose record keeping
in the working place. To guarantee the availability
of measurements, the competent authority has provided
film or film-TL dosimeter services as well as record
keeping services since 1964.

For the choice "who shall be monitored" there was only
the criterion "whether or not the annual dose may exceed
one third of the dose limit" until 1977. In a small
country where the competent authority inspects every
working place the monitoring of the permanent workers
was realized fairly well without any more detailed
guidance. Some temporarily exposed persons such as
those keeping the patient in the hospitals were left
without sufficient attention. In the industry there
were a lot of persons monitored in vain by reason of
the presence of sealed thickness and level gauges, for
example.

Until 1977 the national record keeping was on a manual
basis and no summaries of annual doses or other such
information could be sent back to the customers.
Therefore our record keeping has been computerized.
Another reason for extending the national record keeping
practices was the commissioning of the first nuclear
power station. Further a decision was given in Finland,
which obliged the employers to report the workers
dealing with the substances or methods which may cause
cancer.

Two codes of practices were given on personnel monitor-
ing. One gave the requirements for Nuclear power
stations. The other stated for the radiation users
e.g.

who shall be monitored
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how to measure the doses of the trunk and of the
extremities
how to report the radiation workers to the nation-
al register.

It is completely optional whether to make use of the
national services or to measure alone. In practice,
only the nuclear power companies have the measurement
systems of their own and they report the doses to
the national register. The others are using national
services today. A discussion of these services and
of some difficulties, which have appeared since 1977,
is given here.

2. THE PRESENT MEASUREMENT PRACTICES
2.1 The combined film-TL dosimeter

The construction of the FCRNS's film badge is quite
simple with a large open window and only two filtered
areas (FIG.l). The thicknesses of the filters are 1
mm of Al and 1 mm of Pb-Sn mixture. Behind the film,
in the area of the open window there is room enough
for a TLD chip or tablet. This is packaged into a
plastic bubble as it is now the common practice to seal
the medical tablets hermetically. Selfadhesive tape
is used in fixing the package to the film cover.

Dosimeters are issued normally for as long a period
as 3 months. The original meaning of the additional
TLD chip was therefore to ensure the reliability
of monitoring when a person is working outdoors in
cold climate or in a large hospital or in a research
laboratory where the energy of radiation may vary from
megavolt radiation to X-rays with very low penetrating
power. Practical experience has shown the usefulness
of TLD and the film is gradually taking place as a
back-up dosimeter. The most important meaning of the
film is to monitor contamination and to give additional
information on the direction of radiation incidence
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FIG. 1. The film or combined film-TL dosimeter badge. Note
the speciality of construction. The filters can not get
loose without breaking the badge completely.

and on the time of irradiation. Film without TLD
chip has proved sufficient for some laboratories, for
example, where the monitoring is carried out more for
abnormal situations than for regular measurement of
doses. For medical radiologists the film alone is
insufficient, because a few of them get regularly
quarterly doses in the range from 3 to 6 mSv, where
the sensitive emulsion saturates but the measurement
with the other emulsions is still inaccurate.
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2.2 The systems in the nuclear power stations

The TLD systems of Alnor are used by the two nuclear
power companies. The period of measurements is one
month. The doses exceeding the recording level 0.2
mSv are reported to the national register. In certain
zones the workers are wearing additional electronic
warning dosimeters (Rad-21 or 22 of Alnor). In one
of the stations there is a real time dosimetry system
in effective use for monitoring of persons in certain
areas while the other has a close network of installed
dose rate monitors.

2.3 Calibration

The combined film-TL dosimeter of the FCRNS is cali-
brated to the dose equivalent of Co gamma radiation
(the TL dosimeter and the Pb-Sn filter area at the
film) . Tha area of the open window at the film is in
addition calibrated to the dose equivalent of the x-rays
(80 kV, 2 mmAl). The dosimeters are irradiated in air
for calibrations £lj. The conversion 0,95 Sv/100R is
used. The TL dosimeters used in the nuclear power
stations are calibrated to the dose equivalent of Co
gamma radiation in the same way. In our opinion this
is a quite sufficient practice. Note that the dosi-
meters measure the backseattered radiation from the
ICRU sphere (plastic sphere of 0 30 cm) just in the
same way as they measure it at the front of the body.
Therefore the dosimeters can be irradiated for cali-
bration in a practical way in air.

2.4 Intercomparisons

In our opinion the best way to perform an intercompa-
rison is to compare the results of the measurements
carried out with the film and the TLD chip which
are used in the same badge in the practical working
environment. The accuracy of the film dosimetry is
always essentially based on the skill of the operators.
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It is certainly easier to maintain the sufficient skill
when the f i lm practice is continuously controlled with
a more reliable method.

The TLD pract ices of the two F inn i sh n u c l e a r power
companies were intercompared in 1980 and the measurement
p r a c t i c e s of the n a t i o n a l services in the Nord ic
countries in 1984 [2 - 3J . Three conc lus ions may be

drawn f r o m the resul ts and f rom the experience with
our combined film-TL dosimeter. F i rs t , in dos imet ry
of only gamma radiations a well controlled TLD system
operates at a higher level of accuracy (be t te r than
+_ 20 %) compared to f i l m dos ime te r . Second, in the
measurement at low doses of x-rays (medical diagnostics)
the accuracy of both f i l m and of the LiF TLD seems

to be better than + 40 %. T h i r d in m a n y spec ia l
circumstances (mixed gamma and x-ray field, x-rays with
narrow spec t rum, high dose, abnormal d i r e c t i o n of
radiation incidence) the accuracy of TLD does not fail

from the ± 40 % level in the same way as the case may
be with the f i l m . The reason why we do not regard the
TLD with LiF essentially more accorate compared to f i lm

is the energy dependence of the LiF response. If we

cal ibrate to Co gamma rad ia t ion the LiF dosimeter
overresponds x-rays by c. 30 %. All the methods to
correct for the energy dependent response are impracti-
cal in case of TLD.

3. THE PROBLEMS OF TLD

3.1 Organization

The dosimetry services of the FCRNS have been organized
in a simple way. When the dosimeters have been returned
from the customers, the TLD chips in their packages
are re-taped to the lists of users of the dosimeters.
The identification of films during the prosessing in
the dark room is based on numbered holes in the stative
where they are developed. This kind of system has
proved to be convenient and, in our opinion, it is more
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safe than any one based on code numbers which the
operator must read by eye. Today the customers are
identifying each dosimeter to its wearer by writing
names into the list of numbers of the dosimeters (FIG.l)
delivered from the service. A person distributing
dosimeters to their wearers reads the code wrongly with
a certain frequency. This is a serious problem, which
can be solved only by reserving an area for the name
of wearer into the film-TL dosimeter package. A design
criterion for the next revolution of the system is
therefore to give up the code number and to take into
use a badge with a transparent window for the name of
the wearer behind the badge. This change is easy to
realize as long as we use loose TLD chips and manual
rea^ out. Our plan is that there is a blank label for
the name of the wearer, who fills it in himself.

3.2 Quality control

The operation of the manual TLD system (packing,
unpacking and read out) is a little more time-consuming
than that of the film dosimetry. Most serious limita-
tion has been the quality control of TLD, however.
In our experience it is not possible to check annually
the zero dose background and the sensitivities of the
loose TLD chips in a large scale service for c. 8000
persons. Therefore we have been able to equip the
film badges of less than one half of the workers with
additional TLD chips. Our attempt has been to construct
an automatic TLD system in which the dosimeter cards
requiring any special processing (anneal in 400°C or
check of sensitivity) are automatically sorted out from
the normal circulation [" 4 - 5J . The indentity codes
of the dosimeter cards (magnetic tape on the card) were
extended to contain the sensitivity factors of the TLD
chips and the date of their calibration. The last date
for the cards accepted for recirculation was a preset
parameter. The other criterion of sorting was based
on the observation that a second reading measured
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jus t a f t e r the in tegra t ion of the u s e f u l TL s igna l
during a few seconds correlates well with the zero dose
background of the TLD chip f 6J .

3.3 Choice of system

Today we hesitate whether or not to take into use the
system described above. We regard any code system as
an inconvenience . Al though the service is in close
connection with a s tandard dosimetry laboratory and
a competent technical staff is available, we are afraid
that the system could later be too great a burden for
them. The questions are therefore arising whether it
is more safe to use a commercial TLD system or should
we cont inue developments on the manual basis of loose
TLD chips in the simple organization that we operate
now. We could solve the problem of checking the sensiti-
vities of the detectors with another procedure £ 1~\ .
The read out could also be done with the automatic
reader of Alnor, in which the dosimeter cards can easily
be loaded and unloaded with chips or tablets.

One a l ternat ive choice is a commercial automatic TLD
system, of course. The identification of the dosimeters
to the wearers is based on code number in each of them,
which is in contradiction with our design criterion.

4. RECORD KEEPING

4.1 Dose records

The readings of the dosimeters are recorded as personal
doses wi thout any convers ion to the e f f e c t i v e dose
e q u i v a l e n t . This is done even in case of med ica l
X-rays, although we know that the readings d i f f e r with
a factor of 4 or even more f rom the e f f e c t i v e dose
equivalent, because of the lead apron. Note that the
dosimeters are worn outs ide or above the lead apron
in Finland. The measurement technique is in conformity
with the recommendation of ICRU [8J. However, in case
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of high energy gamma radiation there is lack of build
up material in front of the TLD chip especially in the
film-TL dosimeter but also in the dosimeters used by
the nuclear power companies. This lack has proved
to be a problem in practice only in certain areas of
the nuclear power stations where the main source of
radiation is 16N (6.2 MeV).

Table I illustrates how the national record keeping
is carried out in practice. The finger or skin doses
are recorded as the partial body doses using the
weighting factor O. The record keeping of the doses
with this simple method is very practical.

Table I. An example showing the principle of dose reg-
istration. The finger or skin doses are recorded as
partial body doses with the weighting factor of zero.

Current
The month of
estimation
of the dose

5

year
Whole body
dose

(mSv)

2.3

Partial
dose
of the
organ
(mSv)

6.4

body
and its
weighting
factor

X 0.03

Previous
years

Dose
(mSv)

32.7

4.2 Employer and worker records

The problems existing in the system are in the registra-
tion of workers and their employers. The reason for
differences is that medical radiologists, for example,
are quite commonly working for two or more employers.

Further, some specialists are working in the annual
revisions of many nuclear power stations, besides in
Finland perhaps also abroad, during one year.
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To prevent the file of workers from growing endlessly,
it is necessary to remove the data of workers, who have
ceased radiation work. Therefore we send annually an
extract of the register to every employer. One copy
is for local record keeping, the other shall be sent
back to the register with corrections. When a medical
radiologist works for several employers, 'his data must
be found in all of the extracts. This practice is
necessary, because the Finnish regulations require that
each employer must have the dose record for everyone
of his workers. Therefore, in the data base of the
employer and of the worker files, it must be possible
to link many workers to one employer and furthermore it
must be possible to link one worker to many employers.

The record keeping in co-operation with the employers
has been successful. However the majority of metal
companies etc., who send workers to the revisions
of the nuclear power stations do not have radiation
uses of their own. Thus, it is not self-evident that
these companies have any competent contact person to
the national register. Therefore the nuclear power
companies report the personal data of all the workers
exposed to doses exeeding the recording level 0,2 mSv
and in addition the permanent employers of the workers.
The workers of the employers belonging to the group
mentioned above are classified as temporary radiation
workers in the national register. Their employers are
not requested to return corrected extracts of the
register annually. To prevent the data files from
growing the temporary workers are removed automatically
from the register of active workers if there has not
been any recording for a few years.
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PERSONNEL DOSIMETRY IN FRANCE -
PRACTICE AND RESEARCH

G. PORTAL
Département de protection technique,
CEA, Inst i tut de protection et de sûreté nucléaire,
Fontenay-aux-Roses, France

Abstract

The current state-of-the-art in the field of personnel dosimetry
is reviewed. Photon, beta and neutron dosiraetry techniques are dealt
with separately.

Current investigations into neutron dosimetry and the generation
of reference radiations for calibrating dosemeters are presented together
with information on the definition of operational quantities.

1. PHOTON DOSIMETRY
French regulations insist on the use of photographic dosemeters

to control category A workers. Personnel radioprotection is therefore
essentially based on the use of photographic emulsions.

Thermoluminescence dosimetry can be used for the rest of the
CEA1s working population representing some 60 % of the total personnel.

Studies have advanced towards developing substitutional methods
of dosimetry for persons not provided with a dosemeter in the event of
an accidental irradiation,

1.1 . Photographic dosimetry
Two types of dosemeter are used :
. very simple basic dosemeters provided with 2 or 3 screens whose

nature depends on whether the personnel implicated work in the vicinity
of facilities associated with photons having energies less or greater
than 100 keV.

. universal dosemeters provided with a series of screens to cover
the whole range of photon energies ; this is the case for PS1 (a single
dosemeter provided with 6 filters which allows on entirely satisfactory
spectrometry to be performed when necessary (2).

1.2. Thermo luminescence dosimetry
This type of dosimetry is only used at the present time to control

about 15 000 persons. It is based on the use of sintered magnesium ac-
tivated sodium stabilized lithium fluoride (PTL 716 and PTL 717),a
material which can be reused without regenerating (3).

The PGP 1 dosemeter employs 2 or 4 pellets depending on the use
envisaged. It is read with an automatic reader which reads 7 to 8
dosemeters per minute (4). The stability of the information recorded is
excellent. The method is suitable for a three-monthly control. It is
possible in this way to reduce the annual irradiation uncertainty
threshold by a factor of 4.
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1.3. Substitutional dosimetry
Studies are currently underway to exploit signals due to free

radicals generated in clothing by photons.
The first work done on clothing dosimetry made use of exoelectron

emission (5 and 6). More recently, studies have been performed using
Electron Spin Resonance.

In parallel with these studies, we envisage developing a special
textile fibre to manufacture working clothes permitting complementry
information (dose distribution at the surface of the body) to be obtained
in the case of a high irradiation dose.

2. BETA DOSIMETRY
Beta dosimetry (individual photographic dosimetry or thermolumi-

nescent dosimetry) can only be carried out over a range without a screen.
Experience has shown that this type of dosimetry is particularly

useful for extremeties. A finger-ring provided with a sintered thermo
luminescent pellet can be used for the dosimetry of high energy radia-
tions (7) .

We are currently studying the development of Exoelectron Emission
detectors for the dosimetry of low energy betas : the energy response
curves of these dosemeters are excellent (8 to 10).

3. NEUTRON DOSIMETRY
Two types of dosemeter are currently used :
. nuclear emulsion dosemeters NTA
. filtered albedo dosemeters PGP-DIN
Solid track detectors are currently being studied.
3.1. NTA dosimetry
This type of dosimetry is only useful for energies greater than

1.5 MeV. Such dosemeters must be protected from fading by a special
wrapping protecting them from humidity and oxygen from air (11).

3.2. Albedo dosemeters
Albedo dosimetry is characterized by a very strong energy

dependence ; an albedo dosemeter has been developed employing 4 LiF
pellets protected by a 0.1 mm thick cadmium screen (12). This detector
has an energy independent response for energies less than 10 keV which
is a considerable progress over earlier dosemeters , The sensitivity
of the detector is, however, reduced by a factor of 7 and it is
necessary to use a higher performance reader.

3.3. Solid Track Detector Dosemeters
Studies are currently being conducted in this field in the

framework of a project named DINEM (13) . Coordinated studies are also
being carried out on an international level in the framework of a
European working group CENDOS.

4. DETECTOR CALIBRATION
The calibration of individual dosemeters is an essential element

in dosimetric operations and determines the validity of intercomparisons,
4.1. ISO Reference Radiations
The CEA participates in establishing ISO standards related to

generating and utilizing reference beams by :
. holding the chairmanship of the Working Group responsible for

these standards (ISO-TC 85-SC2-WG)
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. participating in basic studied for defining the various para-
meters used in these standards (14 and 15).

The list of published standards and standards under preparation
is given in appendix 1. These latter standards become applicable in
France as soon as they have been established.

4.2. Operational quantities
The CEA participates in work aimed at defining new operational

quantities :
. at the European level in the framework of the CCE (16)
. at the International level in the framework of ICRU (17)
ICRU proposals become applicable in the CEA as soon as the conditions

of application are published.
4.3. Studies of Simulated Spectrum Neutron Irradiations
Experience has shown that it is possible to develop a series

of completely valid radioprotection equipment (18) by adapting the
corresponding response curves to a series of wide spectra simulating real
personnel irradiation situations.

The studies are carried out in two stages :
. studies of spectra using the multisphere technique at different

working stations in various facilities (reactors , irradiated fuel
processing plants, hot laboratories etc). A catalogue of these spectra
is to be published (19).

. studies of methods for generating simulated spectra :
- based on generating 14 MeV neutrons
- by filtering reactor beams.

5. PRIORITY GIVEN TO DOSIMETRIC RESEARCH BY THE CEA
The experience acquired by the CEA as a result of current nuclear

energy developments in France suggests:
5.1. Individual photon dosimetry is fairly satisfactory.

Improvements to measurement accuracy do not merit high priority. More
importance should be given to increasing "reliability" and reducing
annual uncertainty margins and costs.

Greater importance should be given to the development of a
substitutional dosemeter able to provide dosimetric information in the
absence of an individual dosemeter (accidental irradiation of the public)
and to complement results in the case of a severe irradiation by enabling
dose distributions to be better determined.

5.2. Beta dosimetry
Current studies should rapidly lead to satisfactory solutions ;

extensive research during the 1987-1908 period does not appear necessary.
5.3. Neutron dosimetry should benefit from the considerable

research effort devoted to this subject. Present day solutions are
unsatisfactory and the introduction of new quality factors will only
increase the difficulties encountered in developing new dosimetric
systems. It is hoped that part of this research will be coordinated
at the international level.

6. INTERCOMPARISONS
Since 1972 France has participated in technical intercomparisons

organized by the CCE. This type of intercomparison has the advantage
of involving a large (but not too excessive) number of laboratories,
Too many laboratories would considerably complicate analysis of the
results obtained.
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At a national level only "Quality Control" analysis type opera-
tional intercomparisons are ensured (organized by the SCPRI) : working
personnel are provided with two dosemeters, the reference dosemeters
being provided by the SCPRI. This type of control is satisfactory as
it is carried out under conditions which are very similar to the real
conditions encountered in operational individual dosimetry.

ANNEX I

Standards on Reference Radiations

X and Y production

Annexe : low rates
: high rates

Edited ISO
Edited
Edited

ß production
Neutrons production
High Energy Photon production
Sources for Surface Contamination Monitors
Dosimetry of X and y

" " neutrons

Edited ISO 6980

being prepared
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PERSONNEL DOSIMETRY AND
INTERCOMPARISON STUDIES
IN THE GDR

W. KRAUS, W. WILL, W. ROTHE, A. RIMPLER
Staatliches Amt für Atomsicherheit und S t rah lenschutz ,
Berlin, German Democratic Republic

Abstract

The following personnel dosemeters routinely used by the
central monitoring service of the GDR are briefly described:
photographic film dosemeter, TL finger ring doaemeter and
neutron fission foil solid state track detector.
Several national performance tests and other kinds of
national intercomparisons confirming the suitability and
reliability of these dosemeters in research and development
work as well as after their introduction into the routine
monitoring programs are mentioned. Of special importance are
international intercomparisons of routinely used personnel
doaemeters. They serve the purpose of quality testing and
indicate necessary improvements of the dosemeter evaluation
or the calibration. At least they are the basis of the com-
parability of the monitoring results of several countries.
The GDR took part in many of such intercomparison studies,
most of them implemented in the framework of the Council
for Mutual Economic Assistance (CMEA) for gamma, X, beta and
neutron radiation or mixtures of them. The results of the
GDR in 3 multilateral and 8 CMEA intercomparison studies are
dealt with, showing a sufficient accuracy of the personnel
dosemeters routinely used in the national central monitoring
service. Finally some recommendations are given for the con-
tinuation of international intercomparison studies.

1. Introduction
In the GDR, approximately 40,000 radiation workers are

permanently monitored by a centralized national personnel
dosimetry service. Nearly 15% of them work in ï-ray facil-
ities, 15$ with radionuclides in industry, medicine and
research, and 1095 in nuclear facilities /1/. Altogether
more than 38% of the radiation workers are only exposed
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to photon radiation, about 1% additionally to beta radi-
ation and less than 1% to neutrons. The number of workers
exposed to radiation of ultrahigh energies is negligible.

In this paper, only the personnel dosemeters used by
the central monitoring service are dealt with. The moni-
toring period is 1 or 3 months, depending on the radi-
ation risk to the workers. The exposures registered are
very low, i.e. about 99.2% less than 15 mSv and 0.8% be-
tween 15 and 50 mSv per year /1/.

2. Personnel dosemeters used in the GDR and several types
of intercomparison studies

2.1. The photographic film dosemeter
The film dosemeter (cp. Pig.1) has been used since 1966,

replacing an older type /2/. It allows a dose evaluation
by means of a compensation method or a filtration analysis
for photons in the energy range 10 keV - 3 MeV and for
beta radiation with energies above 300 keV. The double
film ORWO RD 3 + 4 has proven, higher doses can be addi-
tionally indicated by means of a TL detector inserted in
the badge.

1 open window
2 W mgjcm* plasfic
3 fl/75 mm copper
4 0.5 mm copper
5 1.2 mm copper
6 0.7 mm lead

7

2
3

5
6

6
5

3
2

ß——fl 50 mg Li F powder

photographie
film

Fig.1 : The photographic film dosemeter of
the GDR

There were performance tests of the film dosimetry
service on the basis of both a national and an international
standard, which might be called "intercomparisons". A former
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CMEA recommendation /3/ and a GDR standard /4/ require com-
pliance with pifljnmiiTn single error limits as given for fading,
precision, solarization, isotropy, aging, or fogging caused
by single environmental factors like light or high tem-
perature. Besides, the national standard requires a maxi-
mum total error for the evaluation method with regard to
the photon energy dependence. The monitoring service was
regularly and successfully checked by the national pri-
mary standard laboratory irradiating 20 test films annual-
ly. As there is only one monitoring service in the GDR,
this method was replaced by regular tests of the secondary
standard laboratory used for the continuous calibration of
the film dosemeters (at least as long as the film emulsion
and the evaluation method do not change) and by inter-
national intercomparisons, cp. section 3» Tue advantages
and disadvantages of different kinds of standards on per-
sonnel dosemeters shall not be discussed here.

2.2. Thermoluminescence detectors
In the development of new dosemeter types another kind

of intercomparison studies is implemented which serves the
purpose of detecting differences in fundamental properties
like energy and directional dependence, fading, environ-
mental effects, etc. The results of these intercomparisons
are used further to improve the detectors or to decide upon
the introduction of a new routine dosemeter type. Very often,
the results of such intercomparison studies are valid only
under the special national conditions (available detectors,
reading instruments and other resources).

A large-scale intercomparison study of this kind was made
in the GDR during the period 1973 - 1975 /5/. The film dose-
meter, 2 different photoluminescent dosemeters and 2 TL
dosemeters (LiP powder and LiP-teflon detectors) were irra-
diated at a human phantom with Z-radiation between 40 and

1 37200 kV tube voltage and with 'Cs gamma radiation, alto-
gether in the.dose range between 0.5 mGy and 1 Gy. The
exact doses were measured at the phantom by means of ioniz-
ation chambers. In 2 series, between 240 and 360 dosemeters
of each type were irradiated in this way; besides, practical
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exposure conditions were simulated. Simultaneously, 266
combinations of film and photoluminescence dosemeters and
200 combinations of photoluminescent and TL dosemeters
were worn by radiation workers for one month. In a third
series, only LiP-teflon and film dosemeters were compar-
ed. 332 radiation workers wore combined double dosemeters
for 12 subsequent months which were monthly evaluated to-
gether with 30 double dosemeters irradiated at the human
phantom with exactly known doses. The results of all these
intercomparison studies led to the conclusion that with
regard to the accuracy all investigated dosemeters could
have been used as routine personnel dosemeters, and that
the final decision was to be based mainly on economic con-
siderations. That's why the film dosemeter was further
used and will also be used in the years to come for the
centralized monitoring of whole body exposures in our
country.

However, TL detectors are used in finger ring dose-
meters. Fig. 2 shows the dosemeter of the central monitor-
ing service /6/. It can be conveniently worn. In routine
monitoring, beta and photon radiation doses are not dis-
tinguished, because the dose limit is the same and in radi-
ation accidents the radiation quality is known. One ring
type is used for monitoring beta (and gamma) radiation, the
other for X-radiation. Two TL detectors can be used:
- sintered LiP discs (type Dohna-lum), diameter 4.8 mm,

thickness 0.8 mm, measuring range 0.2 mGy - 10 Gy;
- LiP-teflon discs on aluminium (laboratory production),_2diameter 4»8 mm, luminophor thickness 20 mg cm ,
measuring range 1 mGy - 10 Gy.

Fig.2:
The TL finger ring dosemeter for
beta and X-radiation
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They are read by means of a semi-automatic system Harshaw
2000 B/D (ATLAS).

For special monitoring programs other TL dosemeters are
used such as a multicomponent whole body dosemeter or a
thin detector for measuring soft beta radiation at the fin-
ger tip. However, these special dosemeters are not routinely
used and always require a good cooperation between the
monitoring service and the staff of the radiation facil-
ity. TL detectors are further used as accident dosemeters.

There should be also mentioned another type of inter-
comparison studies. At workplaces with a high radiation
risk additional operational personnel dosemeters are
worn, e.g. pocket chambers or TL detectors. It must be
ensured that the accumulated exposures indicated by the
operational and the central personnel dosemeters satis-
factorily agree with one another. After initial diffi-
culties this could be demonstrated by several intercom-
parison studies with the operational personnel dosemeters
of the nuclear power plants of the GDR.

2.3« Neutron personnel dosemeters
A set of activation and TL detectors (Au, Au + Cd,

Cu + Cd, In, S, CaPp) /?/ supplemented by a fission foil
solid state track detector system (SSTD: mica) /8/is used
as neutron accident dosemeter. In addition to the main
dosemeter, 4 direction indicators are used.

Until 1984 a photographic nuclear track emulsion type
ORWO K2 was used for neutron routine monitoring. Its short-
comings are well-known. That's why at present a fission
foil solid state track detector is in use /9/, cp. Fig.3.
It has been successfully tested for some years in several
institutions. The circular-shaped detector consists of a
10 /urn polycarbonate foil of the type Makrofol KG sticked
to a numbered ring holder. Both sides of the detector are
pressed against the fission foils ( ̂ 2Th02 + 1% U30s
embedded in a 30 /urn acrylic matrix on a steel backing;
fissionable material per badge about 50 mg), the whole de-
tection system is surrounded by 0.5 mm Cd. The composition
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Fig.3:
The routine neutron personnel dose-
meter (fission foil and SSNT detector)

of the fission foil ie chosen such as to obtain an optimum
response to neutrons with different spectra; practically
it is an albedo dosemeter with additional indication of
fast neutrons. The etched tracks are counted with a spark
counter. The lower detection limit for a monitoring period
of 3 months is about 0.5 mSv. The evaluation is based on
typical spectra measured at the workplaces.

3* International intercomparison programs
3*1« Objectives

In section 2 several kinds of intercomparison studies have
been mentioned which are certainly not in the focus of this
TC. Even the term "intercomparison" may be disputed for
these studies, as they are actually only comparisons. By
intercomparisons, however, should be understood "inter-
national comparisons". These intercomparisons mainly serve
the quality assurance of personnel dosimetry services and
are the prerequisite for the comparability of the monitoring
results of different countries. Of course, such intercompari-
sons are also used to detect shortcomings and to improve
dosemeters and their calibration. Obviously, only those
dosemeters shall be included in such intercomparison studies
which are really used in routine monitoring. Intercompari-
sons of research prototypes are useful as well but should be
organized in the framework of coordinated international re-
search programs.
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In the following paragraphs the results of our partici-
pation in international intercomparisons of the former type
are given.
,3,2. Direct inter comparison programs

The first 3 intercomparison studies comprised Czecho-
slovakia, Poland and the GDR /10/. Each country irradiated
film dosemeters of the two others with gamma radiation
(E>200 keV), X-radiation of different energies (tube voltages
15 - 200 kV), mixed soft and hard X-radiation and mixed gamma
and X-radiation in the dose range 0.5 - 200 mGy. Altogether
237 film dosemeters of the GDR were irradiated. 80% of the
doses evaluated were within the error limits of i 30% and
all doses within + 100%, - 50%. The results of the film
dosimetry services of the 3 participating countries were
assessed as being satisfactory although consequences for
improving evaluation methods or calibration were derived
from the results of the first two studies.

3»3» Results of the GDR In indirect intercompariaon pro-
grams

3.3.1, Implementation by the CMEA*'
Experience has shown that a direct intercomparison be-

tween more than 3 countries is not advisable and that in-
direct intercomparisons with only one institution irradiat-
ing the dosemeters should be preferred. In all intercompari-
sons within the CMEA, comprising photon and beta radiation,
the GDR was responsible for the organization of the inter-
comparisons, and the national primary standard laboratory
of the GDR (ASMW) served as irradiating and accuracy test-
ing institution, whereas the neutron reference exposures
took place in Czechoslovakia. In the ASMW the dosemeters
were irradiated free in air under the condition of second-
ary electron equilibrium. In all intercomparisons doses
as well as radiation qualities were unknown to the partici-
pating monitoring services. Only after the final evaluation

Council for Mutual Economic Assistance
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these data were given in order to make possible the im-
provement of the evaluation method or the calibration.

3.3»2. Gamma radiation, accidental exposures (1974)

Irradiation with Cs and Co sources, 9 dose values
in the dose range 0.2 - 6 Gy for 5 dosemeters each.
Participants: 5 institutions from 5 countries. GDR dose-
meters: two-component photoluminescence dosemeter, 50 mg
LiF powder, two-component LiF-teflon dosemeter, film dose-
meter with special high-dose development (the last 2 dose-
meters were included only "inofficially" as research proto-
types). Fig. 4 shows that all 3 solid state dosemeters were
within error limits of -

Fig.4: Results of 2 Intel-comparisons, gamma
radiation
o i accidental exposures
• • routine and accidental exposures

A mean systematic deviation of - 5% initiated a recalibra-
tion of the secondary standard of the personnel dosimetry
service. Despite special development the film dosemeter
showed a big random error in the high-dose range /11/.

The random standard deviation o1 is additionally indi-
cated in Fig.4« because 5 dosemeters were identically ir-
radiated, for the LiF powder and the two-component dose-
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meters two independent dose evaluations per dosemeter were
feasible.

3«3»3» Gamma radiation, routine and accidental exposures
(1976)

•i T Y £QIrradiation with Cs and Co sources, 12 dose values
in the range 05 mGy - 10 Gy for 5 dosemeters each. Partici-
pants: 7 institutions from 6 countries. GDR dosemeters:
film dosemeter with normal development, two-component LiP-
teflon dosemeter, 50 mg LiF powder. The results are shown
in Pig. 4, too /12/. The recalibration was successful, and
again the error of the TL dosemeters was lower than - 10%;
at low doses higher random errors are visible. The accu-
racy of the film dosemeter is worse but still acceptable.

,3,3,4. Mixed photon radiation, routine and high exposures
(1977)

Irradiation with mixtures of different X and gamma radi-
ations, 22 dose values in the range 0.8 mGy - 0.5 Gy for
3 dosemeters each. Participants: 7 institutions from
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7 countries. GDR dosemeters: see 3-3.3. The results are
shown in Fig.5- Both LiF dosemeters are sufficiently accu-
rate (-(- 20%, - 10%), and the accuracy of the film dose-
meter is even for mixed photon radiation satisfactory
(-(- 20%, - 40%).
3.3-3» High energy beta radiation, routine exposures (19QQ)

Irradiation with 85Kr, 9°Sr/9°Y,
137,

106Ru/106Rh sources,
additionally with Cs gamma radiation only for comparison,
16 dose values in the range 5 - 300 mGy for 3 dosemeters each.
Participants: 5 institutions from 5 countries. GDR dose-
meters: two-component whole body LiF-teflon dosemeter and
finger ring dosemeter, both with TL discs of 0.4 mm thick-
ness. The results are shown in Pig.6 and are satisfactory.
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Fig. 6: Results of 2 intercompariaona, high and
low energy beta radiation, routine exposures
. 106Ru/106Rh, A 90Sr/90Y, • 85Kr, (x gamma)
DAO as above, V ^'Pm, (+ gamma)

3» 3» 6» High and low energy beta radiation, routine
exposures (1962)

Repetition of the intercomparison 3.3.5»; i^ addition,
"1 A ^7irradiation with 'Pm, altogether 21 dose values. Partici-

pants: 7 institutions from 7 countries. GDR dosemeter:_2two-component LiP-teflon dosemeter with a 20 mg cm thin-«player detector behind 4.1 and 100 mg cm . The results are
also shown in Fig. 6 and are satisfactory as well /13/.
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3»3.7» Mixed beta and gamma radiation, routine exposures
(1984)

Irradiation with beta sources as in 3.3.5-, mixed with
gamma radiation from ^'Cs and Co sources, 9 dose values
in the range 3 - 300 mGy and one pure gamma exposure for
3 dosemeters each. Participants: 7 institutions from 7
countries. GDR dosemeters: film dosemeter and finger ring
dosemeter with the thin-layer LiF-teflon detectors as used
in 3.3.6. For the time being, the results are still in-
official and are shown in Fig. 7. With the TL finger ring
dosemeter a differentiation between beta and gamma dose
contributions is impossible, cp. 2.2., but with the film
dosemeter both partial doses can be separately measured.
The results of both dosemeters are satisfactory, the TL
finger ring is even in the error limits of - 10%.
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3»3»8. Mixed neutron and gamma radiation, routine exposures
(1981)

Irradiation with neutrons from a generator (14 MeV), an
252Am-Be source and a Cf source behind different shieldings.

9 dose values in the range 2-6 mSv (neutrons) and 0.8 -
2 mSv (gamma), respectively for 2 dosemeters each (at a
phantom and free in air). Participants: 11 institutions
from 7 countries. GDR dosemeters: fission foil solid state
track detector, cp. 2.3. The results are shown in Fig.8,
too. The error limits are for neutrons + 30%, -50% and
for gamma radiation - 30%, which seems to be sufficient
for routine neutron monitoring.
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Fig. 8: Results of 2 inter-comparisons, neutrons,
accidental and routine exposures

0 reactor spectrum shielded by 30 mm
boron acid + 100 mm Pb, $ ditto,
+ 200 mm polyethylene (free in air
and at a phantom;

A Am-Be neutrons, shielded by 250 mm
polyethylene or 100 mm Pb or
250 mm graphite

O 14 MeV neutrons, shielded by 160 mmpolyethylene or 100 mm Pb or_?30 g cm concrete
Cf source In a paraffin cylinder
300 mm, shielded by 80 mm poly^

ethylene or 100 mm Pb or 20 g cm
concrete

A • • appertaining gamma doses
(all at a phantom)
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3»3»9. Neutrons, accidental exposures (1983)
Irradiation with a reactor spectrum "behind different

shieldings. 2 dose values in the range 0.5 - 3 Gy (neutron
dose without gamma dose) for 2 dosemeters each. Partici-
pants: 10 institutions from 7 countries. GDR dosemeter:
set of activation detectors, cp. 2.3* The results are
shown in Pig. 8, the error is smaller than + 15%» -
i.e. sufficient for accidental dosimetry.

4. Conclusions
The personnel dosemeters as routinely used in the

central monitoring service of the GDR have proved suffi-
ciently accurate and reliable in numerous international
in tercomparisons organized by the CMEA. The intercompari-
son studies showed where the evaluation method or the
calibration should be improved, and their results made
clear that the outcome of the individual monitoring of
the radiation workers in the participating countries can
be compared. International intercomparisons of this kind
should be continued, e.g. within the framework of the
TARA, in order to ensure the necessary accuracy of the
personnel dosemeters routinely used. A presupposition
should be an agreement on the dose quantities to be
measured in the future, perhaps on the acceptance of the
new proposals of the ICRU. It would also be useful to
irradiate at least a portion of the personnel dosemeters
at phantoms with frontal and rotational radiation inci-
dence. The institution or the institutions irradiating
the dosemeters should be carefully selected and the
accuracy of the reference irradiations should be tested
in advance. The best choice seems to be the involvement
of primary standard laboratories.

Coordinated research programs for the development of
new and improved dosemeters should also comprise inter-
comparisons of the research prototype dosemeters. However,
it is essential that both types of intercomparison studies
be distinguished.
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Since International intercomparisons are costly, it
should be carefully considered which problems can be
better solved on a national basis and where an inter-
national cooperation is worthwhile.
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DOSIMETRIC SERVICES INTERCOMPARISON
AND QUALIFICATION PROCEDURES IN ITALY

A. CAVALLINI
ENEA, Laboratorio Applicazioni di Dosimetria,
Bologna, Italy

Abstract

Since the early '60's the specialists of the major
personal dosimetry services in Italy met at regular
intervals under the auspices of ENEA (formerly CNEN).
The aim was to exchange views and to set up inter-
calibration programs aimed at spotting and possibly
solving technical and management problems of the
services, then mostly based on photographic films.

In particular the following items have been
examined in detail.

1) Preparation of the calibration curves
2) Interpretation of the individual dosimeter data
3) File structure and record keeping
4) Qualification of Services
This paper describes the activities and the

conclusions reached by the Group on these matters.
The heading "Qualification" means the establishment

of procedures to test dosimetry methods aimed at
controlling the reliability of dosimetric services at a
nationwide level, and the identification of the best
techniques for suggestion to the national services.

With "Record keeping" the Group proposes the
setting up of a National Data Base of dosimetric results
for statistical analysis.

The preparation of the calibration curves is
directed to the standardization of the calibration
procedures among the services.

Under the heading "Interpretation of the individual
dosimetric data" are grouped the discussions on the
unification of the format of result transmission to the
users.

Now the Group has been officially recognized by
ENEA and charged of the task of approving the Italian
dosimetric Services.

1. INTRODUCTION

In the last few years there has been in Italy a
proliferation of personal dosimetry services (almost 50
for a total of more than 100.000 users) both private and
public (hospitals and agencies).

This happened because the two major public agencies
were not allowed the resources needed to follow the
demand and on the other side, because there is no legal
or technological requirements a dosimetry service should
comply with in terms of characterics and operational
standards.
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Therefore no other means than a voluntary
cooperation among the services was found in the past in
order to improve the basic performance: this was the
task undertaken by the Italian Group of Personal
Dosimetry Experts (in the following named GIEDP or
simply Group) active in Italy for the past 20 years
under the auspices of ENEA, the National Agency for the
Development of Nuclear and Alternative Energies. GIEDP
has been traditionally involved into the intercomparison
of the dosimetnc techniques used in our country and its
interests have recently been extended to the
specification of technical standards for dosimetric
services, to the organisation of training workshops for
service operators and to promote with competent
authorities a body of regulations for dosimetry services
[1,2,3,4,5,6,7,8,9].

At the beginning, all of the 11 existing services
were members of the GIEDP, but later it was found
impracticable to keep the membership open and was
intended just as a body of persons who have gathered a
considerable experience in dosimetric research and
stands as a reference point for everybody active ir the
field of personal dosimetry.

The intercomparison programs have progressively
grown and have been refined, thus gaining in statistical
evidence and helping in spotting systematic errors that
biased some of the services [l,2].

In the Tables I, II, III are shown some results of
these intercomperisons for X, and X + y exposures.

In the figures the percentage of the results
falling within + 30% and +_ 50% of the assessed values is
reported.

Table I - SUMMARY OF THE RESULTS OF THE INTERCALIBRATION.

X RADIATION

Service

A
B
C
D
E
F
G
H

1967

+ 30%

474
27%
87%

100%
-
-

60%
—

+ 50%

73%
80%

100%
100%
-
-

80%
—

1968

+ 30%

45%
75%
95%

100%
-
35%
50%
~

+ 50%

75%
95%

100%
100%
-
50%
70%
~

1969

+ 30%

90%
80%
80%

100%
-
68%
94%
66%

+ 50%

95%
98%
98%

100%
-
90%
100%
80%

1970

+ 30%

_
-
-

100%-
68%
53%
~

+ 50%

_
-
-

100%-
85%
90%
~

DOSE RANGE: 1967: 0-4 R - 1968: 0-2 R - 1969: 0-2 R - 1970: 0-2 R.
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Table II - SUMMARY OF THE RESULTS OF THE INTERCALIDRATION.

GAMMA RADIATION

Service

A
B
C
D
E
F
G
ri

1967

+ 30»

64«
-

100%
-

100%-
-
—

+ 50»

100%
-

100»-
100»-

-
—

1968

+ 30»

45»
100%
100»
100»
100»
65%
-
—

+ 50%

60%
100%
100%
100%
100»
70%
-
—

1969

+ 30%

_
100%
100%
100%
75%
75%
-
-

+ 50%

_

100%
100»
100»
95*
85»
-
—

1970

+ 30%

_
-

98%
100%
65*
88%

100%
45%

+ 50»

_
-

98»
100%
75»
93%

100%
55»

DOSE RANGE: 1967: 0-4 R - 1968: 4-500 R - 1969: 0-400 R - 1970: 0-4 R.

Table III - SUMMARY OF THE RESULTS OF THE INTERCALIBRATION.

X AND y RADIATION

Service

A
B
C
D
E
F
G
H

1967

+ 30»

_
-
-
93%
-
60%
-
~

j* 50%

_
-
-

100%-
87%
-
—

1968

+ 30%

35»
70»
80%
95%
-

45%
-
—

+ 50%

45%
90%

100%
100%-
75%
-
-

1969

+ 30%

.
98»

100%
100%
-

60%
-
80%

+_ 50%

_

100%
100%
100*-
70%
-
98%

1970

± 30%

_
-
-

100%-
63%
-
65%

+ 50%

_
-
-

100%
-
60»
-
90%

DOSE RANGE: 1967: 0-4 R - 1968: 0-2 R - 1969: 0-2 R - 1970: 0-2 R.

Part of the program was the intercomparison of the
ionisation chambers used by the services for exposure
measurements among themselves and with the secondary
standard of ENEA Lab., in Bologna. The characteristics
of radiation beams for calibration purposes have also
been defined, together with the exposure procedures and
the making of the curves used for the calibration.

As a first result of this activity the dosimetry
data from the italian services gained a better
homogeneity.
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The next step was the assignèrent of the
following taskes:

A) Preparation of the calibration curves
B) Interpretation of the individual data
C) File structure and record keeping
D) Qualification of Services
The main conclusions reached on these items will be

summarized in the following.
Now the GIEDP has been officially recognized by ENEA

as the technical body charged of the examination of the
services and of their certification of compliance to the
qualificatin procedures.

2. PREPARATION OF THE CALIBRATION CURVES

The main objective was to propose a standardisation
of the procedures for the set up of calibration curves
for dosimetric services.

In detail, the group worked out the criteria of the
dosimeter exposure procedures, the analysis of the
calibration curves and the compilation of basic rules
for the operation of dosimetric services.

3. INTERPRETATION OF INDIVIDUAL DATA

The Group aimed at the definition of a unified
format for the transmission of reading data from the
service to the Qualified Expert, who is in Italy the
person responsible for the validation of the dose data
of the workers exposed to ionizing radiations. The
format has to include all the information a service can
draw from the dosimeters and that may be useful to the
Qualified Expert in his job.

In the present set-up this task group has been
included into the task C (File structure and record
keeping) .

4. FILE STRUCTURE AND RECORD KEEPING

The objective on this item was to arrive at a
national base of dosimetric data [6,8,1CQ.

This project implies the normalisation of filed
data. Therefore, as a first step, a dosimetric file
model has been studied and proposed to the services with
the immediate purpose of extracting statistical
information from exposure levels to ionising radiation
of Italian workers.

In Table IV the proposed record structure of the
le is reported.

In Table V, examples of statistical analyses are
shown.
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Table IV - REC.ORD STRUCTURE

1

ZIP

5b

2

USERS
CATE-
GORY

2b

3

DOSIMETER
TYPE

3b

4

YEAR

2b

5

PERIOD

2b

6

PERSON
CODE

15b

7

DOSE

4b

TOTAL LENCHT

a

AVERAGE
LNERGY

5b

50 bytes

9

NOTE

Ib

10

SEX

Ib

11

AGE

2b

12

MINIMUM
VALUE

3b

13

MAX
^ALUE

5b

Table V - STATISTICAL ANALYSIS ON PERSONAL DOSIMETRY DATA YEAR 1983

Total body
X and

Extremity
and eyes
X and

Total body
fast neutron

Total body
slow neutron

N R DOS
FORWARDED

71750

6528

3921

550 1,

PROCESSED DOSIMETERS

Number

7098]

5874

3685

5160

Average
dose
(mrero)

5

41

0

0

DOSIMETERS WITH
DETECTABLE DOSE

Numbe r

3493

1 124

1

108

Average
dose
(mren)

106

2L9

78

40

DOSE DISTRIBUTION VALUES
(mrem)

>0-LOO

2914

625

1

105

100-500

480

386

0

3

500-1000

63

71

0

0

1000 5000

28

42

0

0

> 5000

8

0

0

0

Now the Group gives also indication on the minimal
information the services must provide to the user and on
the format, as it was recalled above.

5. QUALIFICATION OF SERVICES

The GIEDP started the procedures to test the perso-
nal dosimetry methods and the reliability of dosimetric
services, mainly in view of their increased number and
in consideration of the existing technical standards
(set by UNI, the Agency in charge to implement the ISO
standard in Italy) fl 1, 12 , 13 ,1 4] .

The group then proposed three different directions
of activity:

A) Possible identification of a prototype personal
dosimeter

B) Control procedures on each service in order to
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assess the compliance of personal dosimeters to
established standards

C) Control procedures to verify, with a frequency to
be defined, the quality standard of personal
dosimeters for each service in operation.
The output of the group is summarized in the
following

5.1.Possible identification of a prototype personal
dosimeter.
A giant film dosimeter (10cmxl4 cm) shown in fig.

1, has been build using all of the filters used by the
partecipating services. This method allows the control
of the various systems, cancelling effects of
irradiation errors, of dark room and density reading.

WINDOW

0.05 Cu

0.1 Cu

0.13 Ag

0.3 Cu

0.5 Al

0.5 Cu

0.4 Cu

0.8 Cu

0.8 Pb

1.0 Cd

1.0 Cu

1 .0 Pb

0.5 Pb +
0. 5 Cu

1 2 Cu

2.0 Cu

1.0 Pb+
1.0 Cu

Fig. 1 - Filters in the giant film dosimeter (the
thicknesses are expressed in mm)

With this dosimeter an irradiation campaign has
been performed for a complete set of calibration curves
according to the criteria studied at item B) and a set
of dosimeters have been irradiated at the Radiation Lab
of ENEA, in Bologna at exposures and energies unknown
for the partecipating services.

At the ENEA dosimetry service the films have been
developed, read and the data forwarded to the various
services for dose and energy evaluation.

The results show the quality of the different
systems and help the Group to draft the criteria of
dosimeter identification.
5.2. Controls for the qualification of dosimetnc

services
Under the auspices of ENEA the Group will be

charged of the quality control, through specific tests,
of national services for electromagnetic radiations in
the energy range frorn 20 keVto 3 MeV and exposures frorr
5.2 10 to 1.3 10 C kg (20 mRr5 R). A reference
document has been prepared: in the first part the

106



technical, operational and managerial requisites and
specifications a service has to meet are discussed
(tables VI, VII). The control of such requirements by
the Group is preliminary to any specific technological
test.

TABLE VI - TECHNICAL REQUIREMENTS

A) CALIBRATION CURVES

1) EQUIPMENT AND FACILITIES
a) Monoenergetic sources free of electron

contamination and of scattered radiation
b) X-ray generator with voltage stability better

than _+ 5%
2) FREQUENCY

a) For every batch of detectors a complete calibra-
tion in exposure and energy

b) For every issue period, several exposure points
for a normalisation to the calibration curves at
item a)

c) For every processing batch (for film dosimeters)
and for each reading cycle (for thermoluminescent
dosimeters), several reference dosimeters

B) PROCESSING AND MEASUREMENT PROCEDURES FACILITIES

Filir. dosimeters
a) forced circulation air desiccator for film drying
b) densitometer with repeatability within +_ 0.01 and reso-

lution of 0.01 in optical density.

TL dosimeters
a) ovens with temperature stability and reproducibility

within jf 2% and spacial uniformity within 4_ 5% for
detector annealing.

b) reader stability not lower than + 95% during an 8
houre period.

c) Background reading constant within jf 10% during an 8
hour period.

Table VII - PERSONNEL REQUIREMENTS FOR SERVICE ORGANIZA-
TION AND STAFF

1) HEAD OF SERVICE (SERVICE DIRECTOR)
University degree in physics plus at least 3
years of professionale experience in the field
of radiation dosimetry

2) ORGANISATION
a) Early delivery for a timely distribution at

the beginning of service period
b) Dosimetric data and relavant information

sent to the user within 1 month from the end
of service period

c) Immediate communications of doses exceeding
levels of professional exposure or other
agreed levels

d) Availability to emergency processing of the
dosimeters in the case of suspect irradiation

3) FILING
The dose files should be easily and readily
accessible.
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As irradiating laboratories , the facilities
approved by the Italian Calibration Service (SIT) shall
be recognized.

The main part deals with the criteria and proce-
dures for the test of response accuracy on individual
dosimeters and the permissible error range for
compliance.

In particular, if X is the exposure assessed and
X the exposure delivered at the irradiating laboratory,
no more than 1 dosimeter for each spectral composition
will be allowed to exceed the limits of the expression:

2X
0.7 (1-

-

where X _is the lower limit of dosimeter exposure range
(5.2 l9 C kg" (20 mR) ) . In figure 2 the boundaries
of this expression are graphically reported.

S 2

1.5

0.01 0.1

Û.7

0.5
UJi/o
1/5
«t

EXPOSURE (R)

Fig. 2 - 30% and + 50% acceptance boundaries

The exposure and energy ranges together with the
reference radiations used for the tests are given in
Tables VIII, IX, X.

At most, 110 samples are needed for each test, in
the whole energy and exposure range, both for single
and mixed energy values, because two samples are
irradiated at the same exposure value, for each energy
value.

At the end of the tests, the Group shall issue a
certification of compliance or shall indicate areas of
further development.
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Table VIII - ENERGY RANGE USED FOR THE TESTS

GROUP ENERGY RANGE
MEV

FROM 0.250 TO 3
FROM 0.02 TO 0.250

FROM 0.02 TO 3

Table IX - EXPOSURE RANGE USED FOR THE TESTS

1°
2°

3°

4 e

5°

EXPOSURE

5.2 . 10"6

1.6 . 10"5

3.9 . 10"4

1.3 . 10"4

5.2 . 10"4

RANGE C . K G

1.4 .

3.9 .

1.3 .

5.2 .

1.3 .

1

io-5

1C'5

1C'4

io-4

IQ'3

R

0 .02 -0 .06

0 .06-0 .15

0.15-0.50

0.50-2.0

2 . 0 - 5 . 0

Table X - REFERENCE RADIATION USED FOR THE TESTS

I

II

III

IV

V

ENERGY
RANGE
KeV

40

40-80

80-130

130-250

250--3000

RADIATION TYPE

CONTINUOUS FILTERED X RADIATION
CONTINUOUS FILTERED X RADIATION

CONTINUOUS FILTERED X RADIATION
CONTINUOUS FILTERED X RADIATION

CONTINUOUS FILTERED X RADIATION
CONTINUOUS FILTERED X RADIATION
CONTINUOUS FILTERED X RADIATION

CONTINUOUS FILTERED X RADIATION
CONTINUOUS FILTERED X RADIATION
CONTINUOUS FILTERED X RADIATION

GAMMA RADIATION FROM ^j?7 'cs
GAMMA RADIATION FROM Co

MEAN
ENERGY

KeV

20
33

48
65

83
110
118

161
205
248

662
1250

UNI 8277 *

IV
IV

IV
IV

IV
IV
IV

IV
IV
IV

IIIIII

(*) SEE ALSO ISO 4037
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6. SPECIFIC CONTROLS ON TL DOSIMETRY

Aside of the activities mentioned above another has
been started, also in the field of the standardisation
of dosimetric techniques and specifically of TLD detectors,
which are being more and more widely used in Italy [l 5] .

Several meetings and workshops have been organized
within ENEA activities in Bologna, open to all of TL
users.

The workshops aim at the intercomparison not only
of the intrinsic characteristics of the dosimeters but
also of the whole chain including annealing procedures
ard reading equipment.

As for the detectors, extensive tests have been
performed to check the reproducibility at first by
annealing with the procedures and equipment of the
laboratory of Bologna and later by means of each
partecipant's technology. In addition, the energv
dependence has been the subject of several workshops.

A particular attention has been devoted to the
annealing ovens since they may be very critical to the
whole procedure and appropriate specifications have been
recommended for a correct control of the operation.

The participating Laboratories are now almost 30
but this number is likely to increase.

7. FINAL REMARKS

The Group has progressively broadened the area of
its activity in order to fulfil the requirements and the
needs of personal dosimetry services in Italia.

It is intention of the Group to promote and
comunicate their results, through scientific papers and
presence at meeting and workshops: the objective is to
further improve the quality level of personal dosimetry
services in Italy.

A first results as already been achieved: the new
Italian law on radiation protection of workers states
the need of the qualification of the dosimetric
techniques and systems.
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CURRENT STATUS OF THE
PERSONNEL DOSIMETERS IN JAPAN

K. MINAMI, K. TAMURA, H. MURAKAMI
Department of Health Physics,
Tokai Research Establishment,
Japan Atomic Energy Research Ins t i tu t e ,
Tokai-mura, Ibaraki-ken,
Japan

Abstract

For the radiation protection of workers in gamma, beta
and neutron exposure there are several type of dosimeters
available, such as f i lm badge, TLD badge and track detector
Of these, the f i lm badge ( e .g . A fi lm for gamma and beta,
and Kodak NTA f i lm for fast neutrons) is the lögest and
the most widely employed. In this paper, personnel
monitoring and using dosimeters in Japan and some
characteristic of it are described, particularly with the
fi lm badge.

1. Personnel monitoring and dosimeters in Japan

In Japan there are four processors engaged in personnel radiat ion

measurements for other organizat ions. These processors are measuring

exposure doses for aggregate total about 200,000 radiat ion workers ,

using f i lm badges.

In Japan Atomic Energy Research Inst i tute (JAERI), Power Reactor

and Nuclear Fuel Development Corporation (PNC) and The Chubu Electric

Power Co . , Inc., exposure doses are measured on their own. In JAERI,

the number of radiation workers is about 4000, in PNC, about 6000, and

in Chubu Electr ic , about 3500. In JAERI, f i lm badges are used, and

in PNC and Chubu Electric, TLD badges.

Construction of the f i lm badge employed in JAERI is shown in Fig .

1. y~ray measuring f i lms in Japan are supplied by Fuji Photo Film

Co., Ltd. and Kodak Company. Fuj i ' s personnel monitoring f i l m is

enclosed in black-colored polyethylene of 36 rag/cm2 , so it is per fec t ly

moistureproof. Its fading is extremely small, up to 5 7. in three

months.
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P L- 1 p las t i c 0 .45mm l
P L - 2 p l a s t i c 1 .20mm \
P L - 3 p l a s t i c 3 .00mm j
F-,! Cd(0 .8mm) 4 P b ( U . 4mm)].
F - 2 S n ( 0 . 8 r a m ) t P b ( 0 . 4 < n m ) J
F - 3 S n ( 0 . 2 1 f n m )
F-4 A l ( 0 . 5 6 m m )
a. F i l m supporter
b. N T A - f i l «
c. F i l m for r -ray
d . Badge case
e . In foi] Ï
T . Au foil I
g. Glass dosemeter j
h. S t a b l e t J

Dose m e a s u r e m e n t f o r
ß - r ay

Dose measurement for
t h e r m a l n e u t r o n

Dose m e a s u r e m e n t fo r
T - r a y

Uosemeter f o r emergency

F i g . l C o n s t r u c t i o n of f i l « badge ( J A E R I type IV ) .

For fast neutron dose measurements, Kodak ' s personnel neutron

monitoring f i lm (type A) alone is used.

Construction of the new personnel TLD badge [ 1 ] , developed by PNC

and Matsushita electric C o . , L td . , is shown in Fig. 2. The badge

consists of two dosimeters (for y*3 and neutron radiations respectively)

and the badge case, the two dosimeters being in t i e r .

Lock
TL doserceter for n e u t r o n

(UD-809H)

F i l t e r ( 1 0 0 0 m g / c m ! )
for dose

e q u i v a l e n t i ndex

W i n d o w for ß-ray
(3mg/c« J)

TL dosemeter for T • ß -rays
(UD-808P)

Badge case (AcrylonltriIc-Butadiene-Styrene)

Cd s h i e l d
(0.5m«t)

In foil (3GU»ig)

Fig.2 Construction of new TLD badge ( PNC—Ty P e )
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A film badge and a TLD badge are the standard personnel dosimeters
in Japan. The replacement periods for both two in personnel monitoring
are one to three months.

2. yß dose measurements by film badge and TLD badge

In the film badge, as indicated in Fig. 1, the mean energy of the
incident gamma radiation is evaluated by means of the sensitivity ratio
in the films covered by filters. The dose equivalent and the deep
dose equivalent index are measured.

The TLD badge for y'ß radiation is composed of four TLD elements
and a 40-bit punched identification card for optical reading.
Specifications of the TLD elements are shown in Table 1. The phosphors
are Li2Bt,0?(Cu) of effective atomic number 7.26, the bio-equivalent of
soft tissue, and CaSO^(Tm) of effective atomic number 15.3, not bio-
equivalent. The one Li2B407 element and one CaSO^ element for gamma
radiation are shielded to provide interpretation of 1000 mg/cm2 tissue
depth dose. Another two Li2Bi«07 elements are used for 8 absorbed dose
interpretation [1].

Table 1 Constitution of TLD element and filter for y 3 dosimeter (UD-808P)

Dosimeter

T • 8 dosimeter
(UD-808P)

Object

Y - ray

ß - ray

Element No.

Ti

T»

Ti

Tj

TLD element and filter

'Lij "B,07 (Cu) + 1000 mg/cm! pi. f.

CaSOk (Tm) + 1000 mg/cm2 pi. f.

'Lij"B,Oj (Cu) + 17 mg/cm! pi. f.

'Liz1 lB»Oi ICu) + 64 mg/cm! pi. f.

Dosimetry specification

1 cm deep dose equivalent
dose range : 0.1 mSv - 10 Sv
energy range : 40 KeV - 3 MeV

Absorbed dose under 7 mg/cm!

Energy evaluation by two elements
dose range : 1 mSv - 1 Sv
energy range : 300 KeV - 4 MeV

pi. f.: plastic filter

3. Thermal neutron dose measurements by film badge and TLD badge

In the film badge, the thermal neutron dose is measured by means
of the difference in blackening when the films are covered with such
as Cd and Sn filters.

The thermal neutron dose measurement by TLD badge is described
in §4.3.
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4. Personnel monitoring for fast neutron dose

4.1. Fast neutron dose measurements in Japan

In Japan, the number of radiation workers monitored for fast
neutron dose is about 2 7. that of radiation workers monitored for
y-ray dose [2] . Fast neutron doses are measured by NTA film except in
PNC and Chubu Electric. In the latter two, the doses are measured by
TLD-albedo dosimeter (TLD badge).

The fast neutron dose measurement by CR-39 recoil track dosimeter
is being considered presently.

4.2. The measurement by NTA film dosimeter

The NTA film is of high quality and very convenient for fast
neutron monitoring. The film, however, has problems as follows.
a) It is not moistureproofed, so the fading is very considerable.
b) The rem-response is not definite.
c) The rocoil tracks are counted by use of a microscope. There is

thus a difference in recoil track counting among the individuals.
The counting work then involves fatigue to the eyes.
For the above problems, improvements have been made.

(1) Moistureproof packaging of the NTA film [3],
Construction and performance of the moistureproof packaging

material are illustrated in Fig. 3. Fading characteristic of the NTA
films containing nitrogen, packaged with this material, is shown in
Figs. 4 and 5. The moistureproof type NTA film (called the NMP film)
is very improved in the fading.

________^ polyester
Thickness f 20M 1"7 ___—y-^-polyethylene

-pH-————(——Al fo.l
L3U A-\——————i^ polyethylene

Pull intensity 4.0 ( kg715 mm) or more
H20 Vopor permeotion 01 (g /100 in2 24h) or less
02 gas permeotion 0 1 (g/100 m2-24h) or less
Heot seal intensity 30 ( k g 7 1 5 mm) or more

Fig. 3 Construction and performance of the
moistureproof packaging material for NTA
film.
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Storage period (days)

• Unsealed NTA film data (20°C,50% humidity)

•Moisture proof type NTA film (NMP-film)
dota (20t, 60% humidity) [3].

Latent image fading of track density of
moisture proof type NTA-film (NMP-film) for
60% relative humidity, 20°C temperature as
a function of storage period.

I 0

0 5

0 3

OJ '——

= 1 01

10 20 30 40 50 60 70

Storoge period (doys)

—5— : Moisture proof type NTA fi lm (NMP-fi lm)
doto (40t , 80V. humidity).

Fig. 5 Latent image fading of track density of
moisture proof type NTA-film (NMP-film) for
80% relative humitity, 40°C temperature as
a function of Storage period [3] .

(2) Rem-response of the NTA film dosimeter
Rem-response of the NTA film was examined for monochromatic

neutron energies, using an accelerator; the results are shown in Fig.
6. The NMP film is able to measure the neutrons of energy 0.5 MeV
and above.
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Fig. 6 Response of moisture proof type film
(NMP-film) and NTA-film as a function of
neutron energy.

For evaluation of the fast neutron exposure dose with the NTA
film dosimeter, the neutron energies must be known.

(3) Improvement in the track counting
A television camera having 3 magnifications was attached to the

microscope (400 magnifications). The tracks were counted on the CRT
field. By this method, the fatigue to the eyes was largely lessened,
the difference in counting among the indivisuals was almost
eliminated, and the counting efficiency was raised. The method is also
useful in training the new personnel.

4.3. The measurement by TLD-albedo dosimeter [4]

The TLD-albedo dosimeter for neutron radiation in the TLD badge
uses four TLD elements. Specifications of the elements are given in
Table 2. The three 6Liz

10Bu07 and one 7Li2
11Bl407 elements are used

for thermal, epithermal and fast neutrons.
Rem-response of the TLD-albedo dosimeter is shown in Fig. 7 [5].

4.4. CR-39 recoil track dosimeter

As problems to the CR-39 recoil track dosimeter, the etching takes
time and the CR-39 supplied for fast neutron monitoring is not stable
in quality.
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Table 2. Constitution of TLD element and filter for Neutron dosimeter (UD-809P)

Dosimeter

n dosimeter
(UD-B09P)

Object

neutron

Element No.

Ti

Ti

Ti

T,

TLD element and filter

(front) cd/'Li,"B,0,(Cu)/Cd (rear|

Sn/'Ln1 (B»0,(Cu) /Cd

Cd/'Li,1 °B»0,(Cu) /Cd

Cd/'Ll, 1CB,,0, (Cu) /Sn

Dosimetry specification

albedo technique
three energy region (Nth, Hep , Nf)
dose range , Nf 02 mSv ">• 1 Sv

Nth 0.2 n\Su» •v l Sv

E
0)

o>
oc

10°

10-
JL i i i i

10-' 10°

Neutron energy (MeV)

Fig .7 Hesponso of tlie TLD-albodo üos imote r (PNC type) as a f u n c t i o n
of neutron energy.

5. Problems in the incercomparison

To obtain phantom responses of the personnel dosimeters attached
on the phantom, the standardized phantom (for calibration) is
necessary and the measuring positions must be specified.

5.1. It is hoped that the international comparison of y-
personnel dosimeters should be made as follows.

(1) The institutions where the standard irradiation is
carried out are designated.

(2) The organs participating in the international comparison
mail personnel dosimeters to the designated institutions.

For the purpose of a check on the background (due to such
as the x-ray inspection at the airport and the cosmic rays
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during flight), a personnel dosimeter is mailed along with
the standard-irradiation personnel dosimeter.

(3) The standard irradiation is made by irradiating the dosi-
meter with x-rays of energy about 100 keV to about 2 m Sv
(0.2 R) and with y-rays of 1 3 7Cs to about 2 m Sv.

5.2. ß-ray standard irradiations should be made with ß-ray
sources of 20"T: and 90Sr + 90Y.

5.3. The international comparison of neutron personnel
monitors should be made by the mailing scheme similar
to the case of y-ray personnel monitors, referring to
R.E. Swaja's report?

6. The status of accuracy assurance for personnel dosimeters
in Japan

In Japan, in The Instution of Radiation Measurents
(existing on the site of JAERI) standard irradiations are
made periodically of such as the film badge and the TLD badge
employed by the personnel exposure dose measuring firms.
Thereby, the accuracy in the evaluation of personnel exposure
doses is confirmed.
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STATUS OF THE PERSONNEL DOSIMETRY SERVICE
OF THE NATIONAL INSTITUTE
OF RADIATION HYGIENE IN NORWAY,
INCLUDING PRACTICAL EXPERIENCE FROM A
SCANDINAVIAN INTERCOMPARISON STUDY

T. W0HNI
National Inst i tute of Radiation Hygiene,
Osterâs, Norway

Abstract
A status report of the nationwide personnel monitoring service at
the National Institute of Radiation Hygiene (SIS) in Norway is
presented, together with the results from a Scandinavian
intercompars ion study. The personal dosimetry service at SIS
covered âprox. 5200 workers in 1983, corresponding to 7 0 '/ of all
occupational exposed individuals being monitored. The service
covers mainly medical and industrial radiography, but also variou s
other application within medicin and industry. Nuclear
installations are not included. The collective doses for 1983
amount to 4.7 manSv for medical occupations, and 1.1 manSv for
industrial radiography. These figures include estimates of the
unrecorded collective doses below the detection limit, calculated
on the basis of log-probability distributions.

A Scandinavian filmbadge intercomparison study was performed in
spring 1984.
The random uncertainty of the filmbadge mesurements was below 20'/
for all countries, and the total uncertainty was within the factor
of 2 as recommended by the ICRP.

1 . STATUS

1 . 1 Introduction.

The National Institute of Radiation Hygiene (SIS) runs a
nationwide personnel monitoring service, sending dosemeters
by mail all over Norway. The service monitored 5200 workers
in 1983, corresponding to 70'/ of all occupational exposed
individuals being monitored. The remaining 30X work in
institutions having a personal dosimetry system of their
own. These institutions report their results to SIS annually.
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1.2 Criteria for issuing personal dosemeters.

Criteria for the issue of personal dosemeters are mainly
based on ICRP recommendations. ICRP recommend that workers
who might exceed 3/10 of the annual dose limit shall be
monitored. In practice, personal dosemeters are administered
more liberally, as can be seen from the number of zero-read-
ings. The monitoring services do not cover all occupation-
ally exposed groups. The largest and most important groups
not included, or only to a very small extent incorporated,
are underground miners, air.crew, dental x-ray radiographers
and persons working nearby industrial gauges.

1.3 SIS dosimetry service-registration period and detection
limit s.

The personal dosemeters are carried for periods of one
month, with exception of July and August which constitute
one period. This results in 11 dose registration periods per
year. The AERE/RPS filmbadge together with Kodaks personal
Monitoring film Type 2 is the only personal dosemeter
applied at the personal dosimetry service at SIS. The films
are processed and evaluated manually, using methods
described by Marshall and coll [1].
Due to the high effective atomic number of the film
emulsion, the dosemeter response per unit exposure is
strongly dependent on photon energy. As the different
occupational groups are exposed to different ranges of
photon energies, the lower limit of detection in terms of
dose equivalent will vary from group to group. The physical
detection limit ranges from 0.01 mSv for AO keV photons, to
0.3 m-Sv for photon energies above approximately 150 keV.

The high detection limit for photon energies above 150 keV
have the effect that relative large collective dose contri-
butions from industrial radiography avoids detection. For
1983, the unrecorded collective dose represents 327. of the
recorded collective dose for this occupational group [2].
This calculation was performed by integration along a
log-probability plot of the dose distribution.
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Dose values below the detection limit are entered as zero in
the dose register.

The values listed in the dose records are dosemeter readings
in terms of doseequiva lent to the body surface. No
corrections for the self absorbtion of the body, or attempts
to calculated mean whole body doses, have been made.

As an illustration of the dose values involved, fig. 1 and
fig. 2 show the annual dose distribution for 1983 for two
different occupational groups [2].

99.9-

O.l 0.5 I 5 • 10 IS
ANNUAL DOSE EQUIVALENT (mSv)

FIG, 1
DOSE DISTRIBUTION FOR 7383 FOR ALL MEDICAL OCCUPATIONAL GROUPS
MITHIN THE. SIS PERSONNEL OOSIHETRY SERVICE.

999-

0.5 1 5 10 15
ANNUAL DOSE EQUIVALENT (mSvl

FIG. 2
DOSE DISTRIBUTION FOR 1383 FOR INDUSTRIAL RADIOGRAPHY.

50
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The collective dose for 198 3 , a s registered by the SIS
personal dosimetry service, amount to 4.7 manSv for medical
occupations and 1.1 manSv for industrial radiography. These
figures include estimates of the unrecorded collective doses
below the detection limit, calculated on the basis of
log-probability distributions [2].

1.4 Calibrations Procedures.

The dosemeterfilms are calibrated free in air, and for one
6 0radiation quality only, namely Co. The calibration irradia-

tion in terms of exposure are measured with lonization
chambers, traceable to the NPL primary standard. The
exposure values are converted to absorbed dose to water
using published values for mass energy absorption
coefficients for water and air.

The total uncertainty in filmcalibration, that is the
uncertainty in the assessment of the exposure to the test
films during the calibrations procedure, amounts to 1 3'/ for
systematical errors and 2.9X for random errors [3].
The uncertainties caused by uneven film prosessing and
density readings are not included.

2. EXPERIENCE FROM A SCANDINAVIAN I NT ERCOMPAR I SON STUDY.

2 . 1 Methods.

In spring 1984. a Scandinavian inter comparison study was
performed The national radiation protection institutes in
Denmark. Finland. Norway and Sweden participated. Each of
the four countries received ten filmbadges from each of the
three other countries. The filmbadges were then irradiated
and send back to the country of origin for evaluation. No
guidelines regarding radiation quality, irradiation geometry
or dose levels were given. Each country were free to select
values for these parameters, and they remained unknown for
the other monitoring services until the results of the
evaluations were send to all participants. The films were
evaluated by the method used for routine dosimetry.
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A complete report of the methods and results has been
published [ <» ] .

In ICRP publication no 35 [5], acceptable uncertainty at
the 95X confidence level, is given for routine individual
monitoring for external radiation.
These are as follows:

a) for annual values close to the limit: the uncertainty
should not exceed a factor of 1.5

b) for annual values less than 10 m S v : an uncertainty of a
factor of 2 is acceptable

2.2 Results

During the test irradiation in two of the participating
countries, idential doses were given to two and three films
respectively, for each radiation quality. The evaluation of
these exposures were used to calculate the random
uncertainty or the precision of the filmbadge system. The
results were as follows:

Country Random uncertainty
1 stand dev. total (95.7. confidence)

Denmark
Finland
Norwa y
Sweden

7
0

5 . 5
G . 5

1.

V.
7.
7.

16
8

13
15

X
7.
7.
7.

The total uncertainty is formed by combining the standard
deviation quadratic with an uncertainty of 4 7 in the given
dose, and multiplied with a factor of 2.

It i <> stressed that this, uncertainty only refers to random
variations, that is differences in evaluations between two
or more filmdosemeters irradiated with the same given dose,
for the same radiation quality

In all 140 faJms were evaluated
<. 0 by Denmark and Finland each and 30 by Norway and Sweden
each. As two of the countries irradiated two or three films
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FIG 3
THE RELATIVE DIFFERENCE BETWEEN THE ESTIHATED DOSE-EQUIVALENT E
AND THE GIVEN DOSE-EQUIVALENT. G FOR 85 DOSEMETER FILMS
IRRADIATED IN ALL FOUR COUNTRIES

with the same given dose, this resulted in 85 different
values for the given dose. In fig. 3 the relative
differences between the estimated dose-equivalent, E, and
the g i v e n d o s e - e q u i v a l e n t , G: ( E - G 1 / G 100 / for the 05
dosemeter films i r r a d i a t e d in all four countries are shown.
The two boundary lines in the figure represent a deviation
from the correct reading with a factor of 2 , i.e.-50 7. and +
100 /. . Three v a l u e s exceeded a factor of 2.
As seen from the figure, the data points are not normally
d i s t r i b u t e d . Thé u n c e r t a i n t y in terms of a calculated
s t a n d a r d d e v i a t i o n can therefore not be applied.
However, a factor can be estimated in such a way that 2/3 of
the values are within the range ( 1 / f - 1 ) 100 7. to ( f - 1 ) 100 7
The estimated range is - 21 '/ to + 40 '/. which corresponds to
à f a c t o r of less than 1 . 4 .
The overall u n c e r t a i n t y at 95 7. confidence level is found by
combining this f a c t o r q u a d r a t i c with the random u n c e r t a i n t y ,
and multiplying with a factor of 2

This method g i v e s an overall u n c e r t a i n t y of - 44 '/. to + 81 "/.
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The linearity o-f the film dosimetry system in the
close-equi va lent range 0.1 mSv to 100 mSv is demonstrated in
f igure 4
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FIG 4
DOSES GIVEN TO DOSEMETER FILMS IRRADIATED IN SWEDEN V S THE
RESULTS OF THE DOSE EVALUATION MADE IN THE OTHER COUNTRIES OF
THE SAME FILMS

2 3 Discussion.

The random uncertainty of filmbadge measurements as assessed
in this int ercompar i son was well below 20 7 . However, the
number of film evaluations forming the basis for the
calculation of random uncertainty are few.

The overall uncertainty as determined in this study was
- 44 '/. to + 81 '/. . This is within the factor of 2 as recommendec
by the I C R P .

In future Scandinavian i nt ercoma pa r i s on s, more specific
guidelines concerning radiation quality, doselevels and
number of films with identical dose values will be given.
Fur the time being, this is being discussed by a group
consisting of one member from the personal dosimetry service
at each of the four Nordic national radiation protection
institutes
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The present intercomparisons study yielded valuable
information concerning the accuracy of the filmbadge as a
personnel doserneter. However, the next inter compari son will
be better p r e p a r e d , and hopefully provide more information
on this subject.
New guidelines from ICRU concerning relevant quantities in
which to express personal monitoring results are expected.
These will probably be incorporated in future
i n tercompar i s on studies.
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PERSONNEL DOSIMETRY CARRIED OUT BY THE
CENTRAL LABORATORY FOR RADIOLOGICAL
PROTECTION IN POLAND - PRACTICE,
RESEARCH AND EXPERIENCE

J. JASIAK
Central Laboratory for Radiological Protection,
Warsaw, Poland

Abstract

The Central Laboratory for Radiological Protec-
tion /CLOR/ carries out a centralized personnel
monitoring service for radioisotope laboratories
and nuclear installations in Poland. The number of
persons recently monitored by film method is 7200.
According to the results obtained - about 93 per
cent of the persons monitored obtained yearly, doses
below 5 mSv and about 0.24 per cent received doses
exceeding 50 mSv. The mean annual dose equivalents
calculated for the persons working in industrial
establishments in the years 1980-1982 were almost
twice as high as the mean value for the whole group
monitored. The largest number of cases of 50 mSv
dose exceeding have been noted in industrial estab-
lishments, namely in the work with radiographie
facilities.

To improve the method of gamma, X-ray,
X-ray + gamma radiation dose evaluation in routine
monitoring a dosimetric programme has been modified
to use with computer Mera 400. To check and to im-
prove the accuracy of the methods used in personnel
dosiinetry CLOH has participated in several interna-
tional intercomparison studies. The -results have
shown that the precision of photon radiation dose
measurements by film and TL methods is satisfactory
at present.

The Central Laboratory for Radiological Protec-
tion /CLOR/ carries out a systematic personnel
monitoring service of gamma, beta, thermal-neutron,
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fast neutron and X-ray exposures in radioisotope
laboratories and nuclear installations in Poland.
The number of persons monitored has not changed
considerably for the last five years and at present
it amounts to about 7200 persons who wear films reg-
ularly. This number includes 150 persons monitored
for fast neutron exposures by use of Kodak Pïïll
films. About 170 persons wear additionally wrist or
finger dosimeters.

1. PRACTICE AM) EXPERIENCE

The recommendations of the International Commis-
sion on Radiological Protection /ICRP/ [ 1 ] have
been used by CLOR to formulate internal criteria to
be applied in the central system of individual moni-
toring for external exposure.

In our system film methods ar« applied. Kodak
Personal Monitoring film type 2 is used together
with a plastic fila badge designed by our laborato-
ry [2] . As a rule film badge is worn on the out-
side of the upper pocicet of the laboratory coat. In
some cases TLD dosimeter is worn additionally on
the -.vrist or as a ring on a finger.

The films ar« worn for either 1 or 3 months
periods, /in most cases for 3-months/. A shorter
period /i.e. 1-month/ is used where the risk of com-
paratively high doses is greater /e.g. by radio-
graphic facilities, radio-isotope production, radium
applications/. A one month period applies also to
person in fast neutron monitoring. In the cases
where a hich dose is likely to have occurred the
doses are evaluated immediately, irrespective of the
regular monitoring period.

The results of dose estimations are recorded and
sent by the CLOR to the employer and entered in the
personal record card at the CLOR. Only doses of val-
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ue of 0.5 mSv or more, factually measured are re-
corded. The value of dose equivalent exceeding 4
or 13 mSv in monthly or quarterly monitoring period,
respectively, is treated as a warning and is entered
in red ink in the file sent back to the employer.

If the fila or dosimeter has been lost or cannot
be assessed for some reason /in exceptional cases/,
the mean value of doses measured in the last three
monitoring periods is recorded in the file sent to
the employer and in the personal record card in the
CLOR.

If the exposure exceeds dose equivalent JO xSv
/for woman of reproductive ege 13 ~JSv/, CLOR asks
the employer to examine the conditions under which
the over«xposure happened. Depending on the explana-
tion received the dose is either taken into account
and entered into the personal record card or it is
disregarded - in the latter case a mean value of the
last three monitoring periods is recorded in the per-
sonal record card.

In the years 1985 and 1984, respectively, 16 and
20 such cases of exceeding dose equivalent 13 tnSv
or 30 mSv were investigated. After that procedure
only 7 cases in 1983 and 11 cases in 1984 were taken
into consideration as doses received by persons.
Each person monitored has a personal card at CLOR,
where the values of all doses received are recorded.

The results of dose measurements are summed each
year. Every two years an analysis of external occu-
pational exposures is made and published in CLOR
reports. Table I shows the distribution of annual
dose equivalents for persons monitored in the years
1980-1982. About 16 per cent of all the persons
monitored in industry received annual dose equiva-
lent higher than 5 mSv in the years 1980-1981 and
12 per cent in the year 1982.



TABIE I. DISTRIBUTION OF ANNUAL DOSE EQUIVALENTS
FOR PERSONS WORKING IN VARIOUS ESTABLISH-
MENTS USING IONIZING RADIATION IN THE TEARS
1980 - 1982.

Type of
estab-
lish-
ment

Research

Indus-
trial

Medical

Other

All
groups
of estab-
lishments

Tear

1980
1981
1982

1980
1981
1982

1980
1981
1982

1980
1981
1982

1980
1981
1982

Distribution in per cent

Annual

0.005
Sv

97.94
98.27
97.82

64.2.J
84.88
88.52

90.89
92.24
95.19

97.92
98.40
96.94

92.91
93.62
94.77

. dose e

0.005--0.015
Sv

1.59
1.24
1.72

9.24
8.65
6.22

3.49
6.88
4.01

1.28
1.31 •
2.55

5.03
4.36
3.46

quivalei

0.015-
-0.05

Sv

0.47
0.46
0.43

5.38
5.60
4.20

0.62
0.82
0.80

0.64
0.29
0.34

1.76
1.80
1.47

3ts range

0.05-
-0.12

Sv

_

0.03
0.03

1.09
0.71
0.78

_

0.06
—

0.16
-

0.17

0.29
0.19
0.23

0.12
Sv

—

-
—

0.05
0.16
0.28

_

-

—

_

-

—

0.01
0.04
0.07

The cases of exceeding the annual dose equivalent
50 mSv occurred mainly in industrial establishments
in persons working with radiography. The mean annual
dose equivalents calculated for persons working in
industry in the years 1900-1982 were almost twice as
high as the mean value for the whole group moni-
tored /Table !!/.
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TABLE II. MEAN VALUES OF ANNUAL DOSE EQUIVALENTS
RECEIVED BY PERSONS EMPLOYED AT VARIOUS
ESTABLISHMENTS IN THE YEARS 1980 - 1982.

ype Mean values of annual
establishment dose equivalent3

/in mSv/

Research

Industrial

Medical

Other

1980

1.39

4.41

2.05

1.J4

1981

1.36

4.52

1.92

1.04

1982

1.42

4.10

1.55

1.30

All groups of
establishments 2.29 2.25 2.12

According to our results obtained in long-term
monitoring the industrial radiographers receive sig-
nificant doses during their radiation work. Moreover
they are involved in more radiation accidents than
any other group.

The situation has improved recently and the num-
ber of cases of exceeding dose equivalent 30 nSv
/quarterly/ and 50 mSv /yearly/ in work with radio-
graphic facilities has decreased.

2. METHODS A1TD RESEARCH

The methods used in personnel dosimetry have
been described in CLOR reports and publications
[3-7J. Recently we have modified the dosimetric pro-
gramme to the use with computer Mera 400 available
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FIG 1 The choice of evaluation method/Diagram of ciosimetncprogramme

in our laboratory [o]- ™he diagram of the dosimetric
programme is shown in PIG. 1 .

The procedure requires:

- X-rays calibration curve /or points/ corresponding
to "maximum sensitivity" /39 keV/ readings of op-
tical density from that section of the film which
has been placed under the window,

- gainma calibration curve /or points/ of 3adium-226
/0.5 aim Pt filtration/ readings of optical density
from that part of the film 7/hich has been placed
under tin-lead /Sn/Pb/ filter,

- experimental correction coefficients marked as:
tu, hpf b,, h^ as a function of the ratio of
apparent doses valid for a given type of film and
standard develocment conditions used,
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The choice of the method to be used is made ac-
cording to the value of qualification 1 actors:
A , B , C , E , F , TThich are shown in PIG. 1.

There are 9 methods of dose evaluation /D/ :

M1 ' D = dSn/Pb
/for gamma exposure of energy above 500 keV/,

M2 : D = DDR

/for X-ray exposure of energy from about /10 keV -
20 keV/ to 150 keV/,

M3 : D = d'Q h^
/the method is used mostly in the cases of high
energy X-rays exposure/,

M4 : D = d'Q h^
/the method used In the case of "soft1 ' radiation/.

Other metnods snov,n in FIG. 1 are used in the cases
of mixed X+ga^ma radiation dose measurements.

The prokramre has been tested with and without
ooraouter Mera 400. Out of the cases of dose evalua-
tions in ehe dose range from 0.5 mSv to those doses
v,hen optical density value is about 4- to be tested -
only 10 per cent of cases were with the errors above
- 30 per cent - for X-ray, gamma, X+gamma radiation
in the energy range from about 20 keV to 1.25 î.1eV.

The present programme does not include dose
evaluation methods of "beta radiation and others.

For several years our laboratory has participated
in international personnel dosimetry intercotnparison.
At the beginning the comparison of measurement accu-
racy was conducted between three national personnel
dosimetry laboratories in Czechoslovakia, the German
Democratic Republic and Poland, where the personal
exposure measurement is carried out by a film meth-
od [9].
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The latest international personnel dosimetry
Lntercoraparison studies have been carried out within
the framework of the CMEA. The international compar-
ison nas been carried out in1 six stages. The first
stage comprised the comparison of gamma dose meas-
urement, the second - gamma, X-rays and gamma+X-rays
dose measurements. The following two wer« concerned
•with beta dose evaluation. At the present stage the
main concern is beta and beta+gamma dos« measure-
ments .

Table III summaries the results of the compari-
son according to the stage in which the measurement;
was carried out. It is evident that the greatest
precision of evaluation is for gamma, X, X+gamma
where about 90 per cent exposures were measured
within the error range - $0 per cent for both film
and TL methods used. Th« precision of beta dose
evaluation was lower therefore the intercomparison
of beta and beta+gamma dose measurements have oeen
continued.

TABTE III. SUMMART OF RESUIflS OF GAMMA, X RATS, GAMMA + X RATS AND HETA
DOSE MEASUREMENTS ERRORS.

Stage
Radia t ion type

I
gamum

II
gamma, JC,
ganma + X, X •»• X

IY
bêta

V, bêta

error ranges

Method

f i lm

TL

f i lm

TL

film
TL

f i lm

% : a.
d.

Number
of
dosime-
ters

45

44

65

65

ft C

IL C

60

Percentage of dose
measurements /N/
in particular error

a.

88.9

d.

93-2

90.8

86.2

66.7
80.0

86.7

+10 y N > -10 j
+?0 ? N > -JO ;

b. i

6.7

e.

0

0

10.7

0

6.7

1.6

b. N > +10
P.. N > +30

ranges *

c.

4.4

f.

6.8

9.2

3.1

33-3
13.3

11.7

Exposure
range

»Of
0 . 07 - 1 000. R

0.07 - 1000 R

0.1 - 50 R

0.1 - 50 R

5 - 300 mGy
5 - 300 mGy

5 - 300 nGy

; c. NS -10
I f. Ns -JO

1 R = 258
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Table IV shows the results of neutron dos«
measurements in the range of doses which occur In
normal working conditions and in the cases of ra-
diation accidents. Most of neutron dose measure-
ments by film were made within the error range
- JO per cent. All gamma dose measurements were
made within the error range - JO per cent.

TA3IE IV. SUMMARY OF RESUI/PS OF NEUTRON DOSE MEASUREMENT ERRORS

Stage

Radia t ion
type

III
n *• ga-'ima

71
n + gamma
/r* actor

1
2
3
1
2
3
1
2
3

Number
P'ethod of

dosime-
ters

.** NTA 6
film- 6
-neutron 6

U 1m- 4
-gamna 4

TL- 4
-gamma 4

activat ion 7
fi lm-gamma 4

TL-neutron 4

TL-g aroma 7

Percentage of doa«
oeasurements /IT/
in part icular error reripes *
a. b. c . d. e .

83.3 16.7
50 16.7 ? 3 - 3
33-3 6B.7

100
"00

^00

100
100

100

100

100

50 50
100

Exposure
rarre

0.4 - 20 mSv

0 . 01 - 1 i^Sv

0.01 - 1 rJSv

0.5 - 3 GT

0 . 5 - 1 Gy

0.5 - 3 Gy
0.5 - 1 Gy

error rangea
252,30* 1 .

: a.
e. N? -10

Of; 2. Ai>-Bei 3. T / d , n / .

b. C . -30

In the case of high neutron dose measurement by
activation method all measurements wer« made within
the error range - JO per cent, 100 per cent high
gamma dose evaluations by film method were made
within the error range - JO per cent.

The comparison of personal exposure measurement
has shown that only the precision of measurement
of photon radiation with film and TL methods used
is satisfactory at present.

The number of cases of neutron dose measurements
is too small to draw any general conclusions.
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Abstract

The organization and the methods of personnel dosimetry in Switzerland
are described. The experience over a period of almost 10 years with
intercomparisons and performance tests has shown, that a regular organization
of intercomparisons helps to improve the quality of personnel dosimetry and
proves to be a good tool for establishing confident relations between
authorities and dosimetry services.

INTRODUCTION
In 1975 the Swiss Federal Commission on Radiological Protection has established
an Expert Group for Personnel Dosimetry with 10 members representing the autho-
rities, the dosimetry services and independent institutions. Already an 1976
this group became active in two fields:

Data on personnel dosjmetry from the different laboratories were col-
lected for analysis and publication and

Work was initialized to establish approval criteria for personnel dosi-
metry services.

In 1977 the first intercomparison among 11 dosimetry services was organised by
the expert group. In the following years it became customary that the expert
group publishes annual dosimetry reports (1) and organizes intercomparisons
every year. In 1982 the regulation on approval and operation of dosimetry servi-
ces, based on a draft of the expert group, was adopted by the federal government
(2).

THE REGULATION ON APPROVAL AND OPERATION OP DOSIMETRY SERVICES (2)

In Switzerland public institutions as well as private companies may run a dosi-
metry service. To get the approval, an applicant has to comply with a number of
technical, organizational and personal requirements. The procedure of the app-
roval by the authorities starts with a detailed study of the organization and
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the technical aspects of the dosimetry service Then, to check the technical
quality of the service, a number of dosemeters are exposed under different
conditions These dosemeters have to be evaluated and the readings to be inter-
preted by the dosimetry service in the presence of an expert

The dosimetry system is selected by the service TLD, film and glass dosemeters
are regarded as standard For these systems the performance requirements are gi-
ven in annexes to the regulation Table 1 contains the requirements for TLD sy-
stems

TABLE 1 M i n i m a l requirements of <\ TLD system for personnel dosimetri

Genetal requirement Each badge must contain at least two independent sensitive
e lernen t s

SPECIFIC REQUIREMENTS

Lower dose range
Lpper dose range
Energy region
Energy dependence
Angular dependence
Reproducibi 1 : ty
Vat lous errors

PHOTONS

0 5 mSv
5 bv

15-3000 keV
< ± 40 %
< ± 40 %
< ± 20 %
< ± 10 %

ELECTRONS

2 5 mSv
5 Sv

> 500 keV
< 50* +100%

-
< ± 20 %
< ± 10 *

Every dosimetry service has to participate in the annual intercomparison organi-
zed by the expert group Dose values between 0 5 mSv and 5 Sv have to be measu-
red within -30 and + 50 *

Further requirements concerning data handling and archivation as well as infor-
mation of the client and the authorities are also given

ACTIVITIES OF THE EXPERT GROUP FOR PERSONNEL DOSIMETRY

The expert group provides the authorities with advice on personnel dosimetii
organizes intercomparisons and publishes annual dosimetry reports The group i
also in charge of preparing recommendations on practical aspects of peisonnel
dosimetry

The most recent report defines the hierarchy of limited dnd measurable quanti-
ties as well as details of the calibration procedures (3) Guidance on the
interpretation of the regulation mentionned above is given and data io bdck up
dose calculations in special cases are presented

Another recommendation is devoted to internal dosimetry (4) It specifies the
bioassay program and the interpretation of activity measurements of organ depo-
sitions and excretions Examples of interpretations are given for the most com-
monly used radionuclides
Based on a recommendation of the expert group rules for wearing dosemeterb and
interpreting the readings in cases where lead aprons are worn have also been
established (5)
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PERSONNEL DOSIMETRY SERVICES

11 dosimetry services have been approved by the authorities (CERN as an inter-
national organization has not been officially approved, but complies with the
Swiss regulation). In 1984 the total number of radiation workers in Switzerland
was about 50'000 (0 8 % of the population!). The number of radiation workers per
dosimetry service varies in a wide range, but most services have several thou-
sands of clients. 7 services (including the nuclear power plants, who run their
own dosimetry services) are private, the rest are public institutions or re
search laboratories

Most services have changed over to TLD Only two services (including CERN) use
film Glass dosimetry is applied at 2 nuclear power plants. For neutron dosime-
try the NTA film (at CERN) and a Solid State Nuclear Track Detector (SSNTD) with
Th-232 and U-235 converters (dt EIR) are in use. ExtreraJty dosiraetry is always

TABLE 2 : Summary of a c t i v i t i e s of the personne] dosimetry services for external
exposure Type of radiation measured (ph = photons, e = electrons, n =
neutrons), dosimetry method and number of radiation workers supplied
with dosemeters

Service

CERN

COMET

EIR

TRA

KKB

KKG

KKL

KKM

LY

PEDOS

scr i

SUVA

Radiât i on

ph e
n

ph , e

ph , e
n

ph , e

Ph

ph

ph

ph

Ph

ph , e

pn , e

ph , e

Whole body
Method

f i l m
XTA film

TI,D

TLD
SSNTD

TLD

RPL

RPL

TLD

RPL

f i l m

TLD

TLD

TLD

dos irae try
Number

5000
2800

17000

2000
850

5700

800

610

1600

770

20

5500

4000

7100

Ex t r em 1 1 y
Method

TLD

TLD

TLD

TLD

TLD

TLD

dos i met r y
Number

5

180

270

60

40

160
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done with TLD An overview of the activities and methods of the dosimetry servi-
ces is summarised in table 2 It is not w i t h i n the scope of this report to give
technical details of the different dosimetry systems.
The individual dose values are registered by the dosimetry services and besides
being stored in an electronic data bank also recorded in the personal radiation
passport of f-ach radiation worker A central dose registry as a part of a more
general health registry is being studied

IKTERCOKPARISON PROGRAMS

The expert group has established some basic rules on the organization of i n t e r -
comparisons

The objective of each intercomparison is fixed by the expert group and com
municated to the services before the intercomparison is started
The intcrcumparison is organized every year by another nember of the expert
group This member keeps direct contact with the dosimetry services

The usual number of dosemeters used in the intercomparison is between 5 ant!
10 At least one dosemeter serves as a control for transport dose

In each intercomparison a I least one dosemeter is exposed to gamma radia-
tion of a Cs-137 or Co-60 source under standard conditions This is done to
enable a separation of calibration problems fron badge or field specific
questions e g energy dependence

When all "final results of the interconparison have been transmitted to the
organizer, all participants are informed about the irradiation conditions
and the reference values as soon as possible.

The expert group writes a confidential report on each intercomparison In
this report the results are assigned to the laboratories and therefore its
distribution is limited to the participants and the members of the expert
group A sumnary is published in the annual dosimetry report

In 8 intercomparisons carried out between 1977 and 1984 with 10 to 12 partici-
pants each the following objectives were tested:

Reproducibi1ity of dosemeter readings for exposures to gamma radiation un-
der identical conditions
Linearity in the dose range of routine application (tested with gamma ra-
diation)

- Energy dependence for different X-ray spectra

Linearity in the range of accident dosimetry combined with a check of the
time needed to evaluate the dosemeter (carried out twice)
Fast evaluation of dosemeters exposed in a radiation accident

Response to a mixture of radiation qualities

Effects of changing the reference dose quantity from exposure in air to ab-
sorbed dose in tissue and irradiation on a phantom

The results depend very much on the irradiation conditions, the dosimetry system
and the quality of the dosimetry laboratory In 80 % of all cases the readings
were found to be within the required limits of -30 and +50 * of the reference
value In most of the remaining 20 * of the cases, the criteria were not appli-
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cable for the specific dosimetry system or its application Therefore, a larger
dev i a t i o n was of no practical consequence The authorities (not the expert group)
are in charge of taking appropriate actions if needed

Figure 1 bhows an example of intercomparison results The data refer to gamma
radiation of a Cs-137 source, the dosemeters being exposed in free air and on a
phantom respectively

FIGURE 1 Results of the 1983 jntercomparison of personnel dosemeters
The dos-iraetry methods are given and the services are identified by
number
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In addition to the intercomparisons of personnel dosemeters, two 2 ntercompari -
sons of internal dosinetry, concerning H-3 in urine have been performed
The dosimetry services of the research labs regularly participate in the inter
national i ntercompar ison programs These activities are described in specific
publications and are not listed here

PUBLICATION OP DOSIMETRY RESULTS

The main part of the annual dosimetry report (1) contains statistics on external
whole body and extremity doses as well as on incorporations for the different
fields of a c t i v i t i e s of the radiation workers In table 3 an example is given
for data on external whole body dose in 1984 Periodically statistics on life
L i m e dose distributions rir<> included in the report The results of the dnnud]
intercomparlson are presented and the follow-up of the exposures exceeding the
l i m i t s is desci i bed

CONCLUSIONS AND OUTLOOK

The organization and the methods of personnel dosimetry in Switzerland dre con-
tinuously being adjusted to the actual needs The approval of private services
and the application of different dobimetry systems have led to new, but solvable
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TABLE 3: External whole body dose distribution 1984

•Sv
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1
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1

663

0 11
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1 ]
4
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691

0 13

47 185
001
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116
52
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1 1n
2

49 950

C 34

problems In an overall view the status of personnel doslmetry in Switzerland is
regarded as satisfactory.
At present studies are going on on the formation of a central dose registry as
a part of a more general health registry

The experience over a period of almost 10 years with intercomparisons and per-
formance tests has shown, that a regular organization of intercomparisons helps
to improve the quality of personnel doslmetry and proves to be a good tool for
establishing confident relations between authorities and dosimetry services The
expert group w i l l continue to study and solve actual problems of personnel dosl-
metry and to carry out national intercomparisons as well as encourage dosimetry
services to p a r t i c i p a t e in more specific international programs

International activities on dosemeter intercomparisons would especially be
appreciated for special radiation fields, such as high energy photons, neutrons
and non penetrating radiation The study of practical consequences of the in-
troduction of new dose q u a n t i t i e s for external irradiation could be another sub-
ject of international activities
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THE STATUS OF PERSONAL DOSIMETRY
IN THE UNITED KINGDOM

T.O. MARSHALL
National Radiological Protection Board,
Chilton, Didcot, Oxfordshire,
United Kingdom

Abstract

At present personal monitoring is carried out in the UK in
accordance with Regulations and Codes of Practice. In the near
future these will be replaced by new Regulations.

About 120,000 persons wear personal dosemeters issued by
some 47 laboratories. The main requirement is for body moni-
toring for X-, beta- and gamma-radiations performed by photogra-
phic film and thermoluminescent dosemeters. In addition, small
percentages of the total monitored receive extremity or neutron
dosemeters.

Substantial effort is being applied to research in personal
dosimetry in new materials, dosemeters and dosimetry systems.

No intercomparison exercises have been carried out in the UK
since 1971 but the larger laboratories have taken part in the CEC
Intercomparison programme from which useful information has
emerged.

1. THE LEGISLATIVE POSITION

At present there is no single statute concerned with radio-
logical protection in the United Kingdom. Those establishments
which operate under the Factories Acts 1961 are subject to
Regulations made under that Act. These are the Ionising

C21Radiations (Unsealed Radioactive Substances) Regulations 1968V '
and the Ionising Radiations (Sealed Sources) Regulations 1969' .
Those establishments not subject to the Factories Acts operate,
as far as radiological protection is concerned, in accordance
with the appropriate Code of Practice. The relevant Codes of
Practice are :

1. for the Protection of Persons Exposed to Ionising
Radiations in Research and Teaching, 1968;

2. for the Protection of Persons against Ionising
Radiations arising from Medical and Dental Use 1972;
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3. Radiation Safety In Veterinary Practice. A Code of
Practice for the Protection of Persons Exposed to
Ionising Radiations from Veterinary Uses 1970.

Individual monitoring of workers and the maintenance of
their dose records provide a method of controlling their exposure
to radiation. The aim of such control is to keep exposures as
low as is reasonably achievable and to ensure that no worker
receives a dose In excess of the specified limits. These limits
are set out in the Regulations and Codes of Practice mentioned
above. Employees to whom the Ionising Radiations Regulations of
1968 and 1969 apply must be supplied with dosemeters by their
employer if :
a. their radiation dose Is likely to exceed 1.5 rem in a

calendar year, or
b. they are required by the Chief Inspector of Factories.
In either case the employer has a duty to maintain records of the
doses recorded by the dosemeters. Persons supplied under the
first requirement are termed classified workers. Workers whose
dose is likely to exceed 1.5 rem in a calendar year and who work
on premises not subject to the Factories Act are termed desig-
nated workers in the Ionising radiations Codes of Practice. New
and more comprehensive Ionising Radiations Regulations are in the
final stages of preparation and when they are put into effect
these requirements will be extended to employees occupationally
exposed to radiation but to whom the current Ionising Radiations
Regulations do not apply.

The current Regulations require the use of "a suitable
photographic film or films in an appropriate holder or holders,
or a suitable dosemeter or suitable dosemeters, being a dosemeter
of an approved type. These dosemeters must also be supplied and
processed by an approved laboratory. The Chief Inspector speci-
fies the nature of the "approved particulars".

The new Ionising Radiations Regulations will require all UK
personal dosimetry laboratories that monitor classified personnel
to be approved for personal dosiraetry by the Health and Safety
Executive (HSE). Dosemeters will not need approval but laborato-
ries will be required to satisfy HSE that their performance is
adequate. The laboratories will probably also be subject to
regular performance tests.
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Table I

Provision of body dosemeters for the measurement of beta-,
gamma- and x-radiations from external sources

Organisations providing
dosimetry service

National Radiologicical
Protection Board
National Health Service

Electricity Generating
Boards

United Kingdom Atomic
Energy Authority

Ministry of Defence

British Nuclear Fuels pic

Others

Laboratories

3 Laboratories
24 Hospital

Laboratories

8 Laboratories

3 Laboratories

2 Laboratories

2 Laboratories

5 Laboratories

Approximate
number of persons

monitored

42,000

30,000

14,000

7,500

14,500

13,500

1,500

Total 47 Laboratories 123,000

2. DOSIMETRY SERVICES OPERATING IN THE UK

At present about 120,000 persons are Issued with personal
dosemeters in the UK by some 47 laboratories. The majority of
these laboratories are run by either the National Radiological
Protection Board (NRPB), the Electricity Generating Boards (CEGB
and SSEB), the United Kingdom Atomic Energy Authority (UKAEA),
the Regional Health Authorities of the National Health Service
(NHS), or the Ministry of Defence (MoD). A summary of labora-
tories and the number of persons monitored for x-, beta-, and
gamma-radiations from external sources by the major organisations
above is given in Table I. Other than NRPB, the laboratories in-
dicated provide personal dosemeter only, in the main, for those
within their own orgnanisation.

The NRPB operates three laboratories to provide a service in
all parts of the United Kingdom. Between them they provide ser-
vices for about 40% of the persons monitored In the UK, as
follows :
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a. for most of those persons (about 15,000) exposed to radia
tion while working in industry (other than the nuclear power

industry);
b. for most universities, as well as for a number of research

institutes and for persons in veterinary practice; alto-
gether the number of persons involved is about 10,000;

c. for about 6,000 persons working in private clinics and den-
tistry, and nearly 9,000 in hospitals of the NHS.

The major requirement is for the supply of body dosemeters
for x-, beta- and gamma-radiations. The NRPB/AERE film dose-
meter, shown in Figure 1, is used for this purpose by the majo-
rity of the laboratories in Table I, but 3 laboratories issue
thermoluminescent dosemeters. The NRPB monitors 30,000 workers
with- a thermoluminescent dosemeter of its own design, the Atomic
Energy Establishment, Winfrith, monitors its personnel with a
similar dosemeter manufactured by Vinten Instruments Limited and
the MoD uses the Panasonic thermoluminescence dosimetry system

Figure 1 - The NRPB/AERE film dosemeter
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for its service operated by the Institute of Naval Medicine,
Alverstoke. The NRPB, one of the Vinten and one of the Panasonic
therraolurainescent-type dosemeters are shown in Figure 2. Of the
total number of dosemeters issued, about 302 are of the thermo-
luminescent type.

Figure 2 - The NRPB, Vinten and Panasonic thermoluminescent
dosemeters

The film dosemeter is of the discriminating type and pro-
vides qualitative information in addition to the dose recorded
which may be of importance in giving an indication of the cir-
cumstances of the exposure and, most important, an indication as
to whether or not the wearer concerned actually received the dose
recorded. The thennoluminescent dosemeters used in the UK are in
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all cases used as 2-element dosemeters of the non-discriminating
type. These are, in general, more accurate than the film dose-
meter and have the added advantage that, because of the stability
of the stored information, they can be used for extended wear
periods.

The extent to which extremity dosemeters are issued varies a
great deal from one laboratory to another, depending on the type
of work being done. In some cases the scale of issue corresponds
to 10% or more of the total group of workers being monitored by a
particular laboratory. In all cases the dosemeter consists of a
finger sachet or stall containing thennoluminescent LiF, either
as powder or in solid form (Teflon disk or chip).

Body dosemeters for neutron monitoring are worn by a rela-
tively small fraction of the total workforce monitored, although
a few laboratories issue such dosemeters to about 10% of those
they monitor. Except in the nuclear industry, the objective is
to measure the dose equivalent from fast neutrons and the nuclear
track film is used. However, in the nuclear industry some wor-
kers are exposed to neutrons of lower energy, often accompanied
by a significant gamma-ray field and this form of dosemeter is
unsatisfactory. As a consequence, other forms of dosemeter are
used, most commonly of the albedo type. In a few cases, reliance
is placed on determining neutron to gamma-ray ratios in the
working environment.

Some of the major services operate dose record keeping ser-
vices. Where these services are approved by HSE the employer is
able to delegate to the service his statutory responsibility for
maintaining the dose records of classified workers. The same
also applies for designated workers covered by the Codes of
Practice. When the new Ionising Radiations Regulations come into
effect employers will be required to have the dose records of
their classified workers kept by a laboratory approved by HSE for
the purpose.
3. ON-GOING RESEARCH AND DEVELOPMENT IN THE UK ON PERSONAL

DOSIMETRY

In the UK research is being carried out into new dosimetric
materials and new dosemeters and dosimetric systems are also
being developed. Several new systems are undergoing trials.

Materials research mainly concerns therraoluminescent mate-
rials for beta and photon detection and the plastic polyallyl-
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diglycol carbonate (PADC), better known as CR-39, which has con-
siderable potential as a neutron detector. Much investigational
work into thennoluminescent materials concerns the characteris-
tics of materials produced elsewhere in the world, but Vinten
Instruments Limited are now producing moderate quantities of
lithium fluoride with good doslmetric characteristics. To have
its own supply of basic thennolumlnescent materials is an impor-
tant step forward as far as the UK is concerned. Although the
plastic PADC has many advantages as a neutron detector, so far
the production of plastic with reproducible sensitivity and back-
ground is proving difficult. Ways of overcoming these difficul-
ties are being studied at Bristol University with some financial
support from British Nuclear Fuels pic, the Central Electricity
Generating Board, the National Radiological Protection Board and
the United Kingdom Atomic Energy Agency. Some progress has been
made but further improvements are required.

Vinten Instruments Limited have developed a new extremity
dosemeter shown in Figure 3. The detector consists of lithium
fluoride powder uniformly embedded over a high-temperature adhe-
sive tape. It is contained within a thin plastic laminate which
is bar coded as well as conventionally numbered. The thickness
of the sensitive layer and its overlying material is about 12 to

Figure 3 - The Vinten extremity dosemeter
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214 mg/cm which enables doses from beta-rays with energies as low
147as those from Pm (E 0.22 MeV) to be measured. The dose-max

meters are only used once and are supplied by the manufacturer
serially numbered and bar coded. No preparation is required and
the bar code and reading of the light signal can be fed directly
to a computer, thereby eliminating the likelihood of transcrip
tion errors.

Vinten Instruments Limited are also manufacturing dosemeters
and automatic readers for x-, beta- and photon dosimetry.
Further development of a complete system is also being carried
out with extensive automatic handling facilities such as dose-
meter labelling and insertion into the holder, prior to issue to
the wearer and doseraeter unloading and the removal of the label
on return.

Several UK personal monitoring services are considering the
Introduction of the Vinten extremity dosemeter. Successful dosl-

( 4)metric tests have already been carried out and NRPB is car-
rying out trials with the system to determine its acceptability
to the customer and to enable experience to be gained on the sys-
tem's reliability and operational running costs. If these prove
to be satisfactory, this dosemeter will replace the powder types
in the NRPB extremity monitoring service.

So far, the customer reaction has been reasonably encoura-
ging but some difficulty in fixing dosemeters to the fingers has
been experienced. Some progress has been made In finding Im-
proved alternatives especially based on the finger stall concept
which is strongly preferred by some customers. The latest at-
tempt to Incorporate the dosemeter Into a finger stall Is shown
In Figure 4.

The NRPB issues the Kodak NTA nuclear emulsion dosemeter to
the majority of its customers requiring neutron monitoring.
However, gamma-ray fogging of the emulsion Increases the diffi-
culty in counting the proton recoil tracks and the dosemeter has
a neutron energy threshold of about 0.5 MeV. Thus, in radiation
fields consisting mainly of low energy neutrons and gamma-rays
the nuclear emulsion dosmeter becomes unsuitable. An Important
example is the region around nuclear fuel processing plants. For
this reason NRPB has made an early Introduction of a new type of
dosemeter based on the plastic PADC and is operating an experi-
mental service for a nuclear fuel processing plant.
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Figure A - The VInten extremity dosemeter in finger stall
form

A special feature of PADC is that it can be used to record
the tracks of moderately ionising particles such as protons. In
the NRPB dosemeter the detector consists of a flat piece of PADC
plastic, approximately 25 mm x 40 mm of thickness 500 ym. Before
issue the detectors are hermetically sealed Inside polyethylene/
aluminium/paper pouches. The pouches are numbered for identifi-
cation purposes and are worn inside a simple polypropylene
holder. Proton recoil tracks produced within the plastic and
adjacent hydrogenous radiators are recorded and revealed within
the PADC by a combination of chemical and electrochemical
etching. The processing of the detectors consists of a chemical
pre-etch of one hour, an electrochemical etch of sixteen hours
and a post-etch of three hours with the electrical field removed.
The electrochemical etch parameters are 5N NaOH at 30°C etching
solutions and a 2 kHz electric field of 20-22 kV cm" r.m.s.
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Table II provides information on the energy response of the
dosemeter obtained using neutron facilities at the National
Physical Laboratory. These data are for monoenergetlc neutrons
In the range 150 keV to 15 MeV and for fission neutrons from
252Cf. It can be seen that if the dosemeter is evaluated on the
basis of a sensitivity of 1.2 x 10 tracks per cm per Sv that
all other values are within +50% of this for normal incidence.

Table II

Measured dependence of PADC dosemeter response
on neutron energy at normal Incidence

Neutron
energy,
MeV

0. 15

0.35
0.57

1.06
5

14.7
252Cf

Response per
f luence ,
-1 .„-6n 10

4.4 (0.3)(a)

22.4 (1.3)
47.5 (4.3)
54.0 (5.8)
28.7 (2.5)
38.4 (1.7)

41

Response per unit dose eqlvalent at
10 mm in ICRU sphere (unaligned)

— 9 — 1 "icm ^ Sv l 103

0.6

1.8
1.9
1.5
0.7
0.7

1.3

(a)Standard error of mean of five dosemeters

PADC is insensitive to gamma-rays and the proton recoil
tracks do not fade. Figures 5 and 6 show proton tracks produced
In the nuclear emulsion at magnification xlOOO and in CR-39 at
x40 respectively. The relative ease of counting the tracks in
the latter is quite clear.

The experimental service is now in operation as a short-
term solution to monitoring staff around a nuclear processing
line. In the long-term the objective is to replace the nuclear
emulsion dosemeter. One difficulty is the inconsistency of sen-
sitivity and background for different batches of the plastic,
indeed within different sheets of the same batch. This is being
dealt with at present by sampling about 202 of all material used
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but the problem is being investigated within the UK and the de-
gree of success of this work and other work like it will, to a
large extent, determine progress with this type of dosemeter.

4. UK PARTICIPATION IN INTERCOMPARISON EXERCISES FOR
PERSONAL DOSEMETERS

No major intercomparison exercises have been carried out in
the UK in recent years; the last was in 1971. There are good
reasons for this. The methods used for the major requirement for
body monitoring for x-, beta- and gamma-ray dosimetry have become
well established and it has now become more important to concen-
trate on quality control and quality assurance procedures to en-
sure that these methods are applied correctly rather than test
the methods themselves. The development of the ISO reference
radiations has also diminished the need for intercomparison exer-
cises since the well defined irradiation conditions allow mea-
ningful comparisons to be made between the performance of perso-
nal dosemeters assessed at different times and in different
laboratories. The introduction of the unified system of radia-
tion quantities for Individual dosimetry recently recommended by
ICRU in Report 39 has strengthened this position even further.
The trend in the UK has therefore been towards quality control
and quality assurance procedures; a report on the performance
testing of UK personal dosimetry laboratories, sponsored by the
HeaTth and Safety Executive, has recently been published.

Nevertheless representative UK laboratories have taken an
active part In the CEC intercomparison programme for personal
dosimetry . This programme, which will be described by another
speaker, caters for photon, beta and neutron radiations. A num-
ber of useful conclusions have emerged from this involvement. A
general conclusion Is that good quality control and assurance
procedures are necessary to ensure that dosimetric standards do
not slip. Of a more technical nature, it is clear that thin
tissue equivalent dosemeters are required to measure the dose
equivalent from low energy beta-rays (down to 0.06 MeV) at a
depth of 0.07 mm and more work Is required to produce a wide
energy range neutron dosemeter. The nuclear emulsion and albedo
dosemeters are satisfactory over a limited energy range but
neither can be used reliably on its own without a knowledge of
the radiation field. The PADC type dosemeter when fully
developed will substantially Improve this situation.
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5. CONCLUSIONS

A great deal of importance is placed on personal dosiraetry
in radiological protection in the UK. A number of major esta-
blishments operate comprehensive personal monitoring services and
substantial resources are applied to maintaining the standards of
the techniques employed and to the development of new ones.
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REFERENCE NEUTRON FIELDS
TO TEST DOSIMETRY SYSTEM DETECTORS
AT NUCLEAR AND PHYSICS FACILITIES

G.I. BRITVICH, G.I . KRUPNY, V.N. LEBEDEV,
Y.N. RASTZVETALOV
Inst i tute for High Energy Physics,
Serpukhov,
Union of Soviet Socialist Republics

Abstract

Neutron dosimeters were tested in typ ica l neutron spectra beh ind the
sh ie ld ing of accelerators and reactors . It was concluded that the c o n d i t i o n s
for an "ideal" dosimeter can be s a t i s f i ed to an accuracy of 40% in the
spec i f i ed class of spectra.

Application of a radiation detector as a neutron dosimeter

for radiation control is based on the comparison of its sensiti-

vity function R(E) with the recommended dependence 'of the maxi-

mum equivalent dose h in the tissue-equivalent phantom on themax
neutron energy E. If in this case the dose sensitivity R(E) of a
radiation detector is weakly dependent on E, for instance, is left
unchanged within _+30%, then such a detector is considered to be
a dosimeter. However, in practical applications one has to use
detectors, primarily those of personal dose control, whose £.',(E)

/2/noticeably differ from a constant' '.
j*

The aim of the present work is to substatiate the choice
of detectors as dosimeters based on the analysis of readings in
class F of real neutron spectra behind the shielding of nuclear
facilities (NT) and to determine application fields and calibra-
tion techniques. Class F comprises tjpical spectra behind the
biological shielding in the experimental halls and offices at ac-
celerators and reactors.

The response K of a neutron detector in the irradiation fi-
elds of class P can be put down as Rf *• f , where V(E) is the
neutron spectrum from class F, R is the operator linking F and r»
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In -fche integral form

where E . and E are the minimum and maximum neutron energies
of the spectrum ^(Ejfrom class F. The values of the specific
equivalent dose for this class of spectra can be written as fl f-
where H is the operator linking T and h •

In the integral fora

E , Ew. ,c *l l rj c M ft>J

Thus, r an d^ are functions R(E) and h (E) "weighted" over
the spectra r (E) from class F. The essence of the approach to
the problem under discussion is to analyse h/r for various detec-
tors in the chosen class F. In this class of spectra, the condi-
tion for a detector to be a dosimeter may be specified as h/r=
»const, which, as to be ahown below, is less sensitive to a dis-
crepancy between R(E) and the recommended values of h (E). The
last point is illustrated below by an example of four widely ap-
plied detectors:

ofNE is an personal dosimeter based on detection recoil pro-
/ 3/tons in a nuclear photoemulsion. R(E) has been borrowed from' •*'

with the use of data on the human body albedo properties (see' ').
SSNTDis a personal dosimeter based on detection of traces

of damages from recoil protons in the film of CR-39 type. The
sensitivity function R(E) for this detector has been measured
for 146 keV«-18MeV monoenergetic neutrons in'-5 .

6 7ID is a personal dosimeter-albedo using LiF and LiF as
detectors. The calculated R(E) has been borrowed from ' .

Rid is a routine radiation monitor of the radiation control
system whose detector of thermal neutrons, i.e. scintillator
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LiJ, is placed into the centre of 25t4 cm (10 inches) polyethy-
lene sphere. The data from ' ' have been used as R(E).

In our work we used detectors with different £>,(£) and R(E)
(see figs. 1 and 2).

> m1
a» 10

ù 10°

_c
CJ

RM

UJ _.j

CO
^ ^ AD ^y

l 1 ! 1 I I I I I

Iff4 10
E, MeV

Fig.1. The dose sensitivity ç, (E) of detectors to monoenergetic
neutron irradiation when they were calibrated in the field
of an uDfiltered aourceo- 0,312 nSv.cm ).

252Cf (E * 2,1 MeV, max

5io°-

1uv

-7

10"2
f, MeV

?ig.2. The responses of detectors to monoenergetic neutron irradi-
ation when they were calibrated (over fluence) in the field

252of an unfiltered source J Cf. The recommended dependence
is presented for comparison.
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The studied class F of spectra included 30 typical low ener-
gy neutron spectra, measured with a Bonner spectrometer in IHEP
accelerator experimental halls behind the biological shielding
of steel , concrete, ground, combination of steel and concrete, near
the entrances to labyrinths and also at a distance from the expe-
rimental facilities ' '. For all these spectra, E . ̂ 0,5 eV,mm '
E »200 MeV, and the mean value of energy, E , is within theffla X

range 6 keV t 2 MeV„ Class F also included the following spectra
(̂E), for Effiin « 0,5 eV, E[nax = '12,6 MeV:

- a neutron spectrum at a distance o| 68,5 m from the active
zone of the IBR-30 reactor, which was measured with the Bonner
spectrometer/ ', E = 0,75 MeV;

- neutron spectra in the fourth vertical (VEC-4) and central
(CEC) channels of the IR-100 reactor, which were measured with a

/Q/ — —set of activation detectors'3', E » 0,31 MeV (VEC-4), E «= 0,84 MeV
(CEC);

- a neutron spectrum of the reactor of HPRR type installed
in 10x10x10 nr room within 3 m from the active zone; the spectrum
was measured with a set of activation detectors' '; E « 0,77 MeV.

To analyze the readings of the detectors in real radiation
fields of class F one should necessarily choose a parameter which
would unambiguously characterize both the detector response, r,
and the equivalent doze h« As in the case with monoenergetic radi-
ation, where a neutron energy E is such a parameter, for class F
we chose the mean energy E of spectra (̂E) as a parameter. Indeed,
figs. 3-6 suggest that h(E} is a smoothly increasing function, the
dispersions for some ^T(E) from the whole class F being minimal.
Small spreads in the values of r and a smooth nature of functions
r(E) make it possible to construct functional of h(l)/r(E) type,
i.e. dose sensitivities of the detectors in the real class F vs
the mean energies Ê (see figs. 3-6). The number of dots less than
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Pig.3» ïhe values of response (r, track/neutron) and dose saasiti-_ 2 2vity (h/r, 10 Sv.cm /track) for a personal neutron dosi-
meter NE in neutron irradiation fields having the mean
energies E. The low»curve shows the specific equivalent

_o 2 ~dose (h .10 , Sv.cm ) versus E. The values of h/r for the
reference fields are notated as follows: A~ >P< • ~ f«
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.*-, i
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"3 2 "110" 10 1C" 10°

Fig. 4. The same as in fig. 3 but for a personal dosimeter SSNTD
""2 2(r, t rack/ neu t r on) (h/r. 10 , Sv.cm /track).

the total number of spectra in these figures is due to the coinci-
dence of some values of h, r, h/r.

From these figures it follows that the condition h/r«const
holds t nie sooner for NE and SSNTD whose spread in the values of
h/r is ±20% in the rhole class F» Though for EM this value is about
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Fig. 5. The same as in fig. 3 but for a personal albedo-dosimeter
? "" PAD (r, count. cm /neutron), (h/r.10 , Sv/count).
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7ig.6. The same as in fig.3 but for a radiation monitor RM
2 —2(r, count.cm ), (h/r.10 Sv/couut).

1,5 times larger, this does not prevent from using it as a stati-
onary dosimeter, since its readings are easily corrected by intro-
ducing a coefficient specific for each given place. The most pro-
nounced dependence of h/r on E is observed for AD, wiiich makes it
difficult to use it as an personal dosimeter in a wide range of
energy spectra, 6 keV - 2 MeV» On the other hand,this property
aiay play a positive role allowing to estimate Ê for V(E) as it
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has been offered in' ' . Since r(E) for AD, as differed from all
other detectors, decreases with E, one may offer a system of two
detectors, e.g. AD and SSNTD, enabling to estimate the effective
(with account for personnel migration in the spectra of class F)
E for f (E) and, consequently, equivalent irradiation dose. Thus,
functions h(E), r(E) , and h/r appeared to be constructive when
assessing the properties of a dosimeter-detector even in the case
of their dose sensitivities £, 4 const. Note that such an analy-
sis is possible only if R(E) and 1P(E) are known. Unfortunately,
this is rarely realized in practical applications. More frequent
are the following situations.

1. H(E) are known and ̂ (E) are unknown. This situation ari-
ses when, e.g. activation detectors are used as dosimeters (re-

103action ^Rh (n, n') Rh in emergency dosimeters at reactors, re-
action 12C(x, nx»)11 C in dosimeters of hi g to energy hadrons at

/1 2/accelerators, etc.). In these cases (see, e.g. ') spectra
presented in published works are analysed. On the basis of this
analysis the dose-response conversion coefficient is calculated.

2. *f (%) are known but R(E) are unknown. This problem is sol-
ved by comparing the readings of dosimeters in the known set of
spectra f(E) ( see, for instance, ' ). The results of comparison
make it possible to fix regions of application of a specific detec-
tor as a dosimeter within the specified class F of spectra.

3. Both f (E) and R(E) are unknown. In this case an apriori
information on either of functionale ̂ (E) or R(E) is required and
after that the problem may be reduced to one of the above cases.
The present work offers to use a set of reference fields ̂ f°(E) from
class P as ̂ (E). The spectra of class P may be chosen on the basis
of the analysis of published data with the use of the most general
considerations on production of scattered neutron irradiation be-
hind the NF shielding.
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To solve the above problem we used the following fields for
class F as reference ones (see table 1^.

Figs, 3-6 present the values of h/r for V7 ° •»• V^q versus E. The
analysis of the readings (in terms of h/r) of the chosen detectors
in the specified neutron fields makes us conclude that not all of
them should be used as reference fields.

JLs seen, the filtered irradiation of radionuclide sources and
the irradiation fields in the labyrinth, i.e. smooth (continuous)

Table 1.

Source Filter, field Diet. 5 ,
from MeV
source,
m

S" 1 T/D
^f 2 Pu-Be

^L. 252°f
li_ -"-
tS -"-

-5
t °--- 8 £ -

T 7 -H -^
C

*̂— ' -?")_ f^ ~CiIP :̂

behind a 60 cm thick water layer 1
unf iltered
unf iltered
CHp sptre 30 cm in
Pe sphere 30 cm in

in the 1st a«cti«n

in the 2nd section

the same as V-

in the 3r section

0.75
0.75

diameter 0.75
diameter 0.75

of the labyrinth /16/
3.2

7.7
10

13.6

4-5
4.1
2.1
1.4
0.87

0.78

0.38

0.13

0.014

17.1
36.2
31.2
20.0
22.9

14.2

9.4

6.1

1.7

10° -

(Ni

~ti

10-3

SSNTD

2!0 10 1Ö 10°

Ë, MeV

tt

Pig.7. The dose sensitivity Ch(B) of détectera in the apectra
of class P when they were calibrated in the field of an
unfiltered aource 252Cf (Ë « 2.1 MeV, h ~ 0,312 nSv.cm2).
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spectra V °(E) are more suitable than "monoenergetic" spectra of
sources to calibrate detectors. This is illustrated in fig.7, which,
as fig,1, presents the dose sensitivities of the detectors calibra-

252ted in the Of source field. As seen, here the readings of dosi-
meters (this primarily concera^AD) exceed the values of the equi-
valent dose in the spectra of class P.

Thus, one can arrive at the conclusions as follows.
1. Function h(E) is smoothly increasing for a wide class P

of continuous spectra behind NT shi'eldings.
2. In the specified class of spectra (̂E) the conditions

for an "ideal" dosimeter determined as h(E)/r(E)̂ : const can be
satisfied to an accuracy of 405&, even if R(E) of a dosimeter do-
es not correspond to the recommended values of ̂ 1

maz(E)» Dosime-
ters NE and SSNTD can serve as a typical example.

3. The analysis of the behaviour of r(E) and h(E)/r(E) for
dosimeters AD and SSNTD in the spectra of class P testifies that
their combination in a personal dosimeter presents an opportunity
to estimate E of an effective neutron spectrum in which they were
exposed and, consequently, to find the dose value by another in-
dependent way.
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PERSONNEL NEUTRON AND GAMMA-RAY
DOSIMETER INTERCOMPARISON STUDIES
AT OAK RIDGE NATIONAL LABORATORY*

CS SIMS
Oak Ridge Na t iona l Laboratory,
Oak Ridge, Tennessee,
United States of America

Abstract

Ninety-five different organizations (64-USA, 31-Other
Nations) have participated in ten annual personnel dosimetry
intercomparison studies conducted at ORNL since 1974. The
well-characterized Health Physics Research Reactor has been
operated on 61 occasions during these studies to provide dose
equivalents to about 7,000 dosimeters with a variety of radia-
tion spectra ranging from a relatively hard, unmoderated fis-
sion spectrum to a relatively soft spectrum obtained by
moderating fission neutrons by Lucite and concrete. Five basic
types of neutron dosimeters (TLD, TLD albedo, track, film, com-
bination) and two basic types of gamma-ray dosimeters (TLD,
film) have been used to make over 98% of the measurements. The
performance of these dosimeters is compared with accepted stan-
dards and guidelines. Conclusions relative to the application
of various types of personnel dosimeters are presented.

1. INTRODUCTION

Ten Personnel Dosimetry Intercomparison Studies (PDIS)
were conducted at the Oak Ridge National Laboratory (ORNL) from
1974 to 1984 [1-3]. These PDIS, now conducted annually, are
described and the participation is discussed. The types of
neutron dosimeters used in the PDIS are enumerated and their
results are presented and analyzed. The gamma dosimeters used
and their results are also presented. Following these, conclu-
sions based on the PDIS are presented.

2. PERSONNEL DOSIMETRY INTERCOMPARISON STUDIES

2.1 Description

The PDIS studies are mail-in studies during which partici-
pants send their dosimeters (including background badges) to
ORNL to be exposed to radiation and have them returned for
evaluation. Dosimeters are mounted on 40x40xl5-cm Lucite slab
phantoms for irradiation as shown in Figure 1. The mixed-field
neutron and gamma radiation is provided by the Health Physics
Research Reactor (HPRR) shown in Figure 2. The HPRR is an

*Research sponsored by Physical and Technological Research
Division, U.S. Department of Energy, under contract
DE-AC05-840R21400 with Martin Marietta Energy Systems, Inc.
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Figure 1. Dosimeters mounted on Lucite phantoms for PDIS
irradiation



Figure 2. HPRR with Lucile shield between the reactor and
the dosimeters to be irradiated



unmoderated, unreflected, fast-pulse reactor [4] which is
operated in the steady-state mode for the PDIS. The HPRR was
operated 61 times during the 10 PDIS with several different
spectrum-modifying shields to allow the dosimeters to be tested
under a variety of conditions. The spectra used and the dose
equivalents delivered by the HPRR are well-known and reproduci-
ble [5-6]. Dose equivalent values in the PDIS ranged from
0.4-16.5 mSv for neutrons and 0.1-8.4 mSv for gammas.

2.2 Participation

A total of 95 different organizations (64-USA, 31-Other
Nations) made about 7,000 measurements (about half neutron,
half gamma) during the 10 PDIS analyzed here. The participa-
tion by PDIS is shown in Figure 3 and indicates that interest
in the study has remained high throughout the years. (The
author notes that there were 43 participants in PDIS 11 which
was conducted in May, 1985). Participants represent a wide
variety of radiation-related organizations including hospitals,
nuclear power utilities, research laboratories, the military,
universities, and vendors.

50

N
2

ao

o.
Ü

30

20

10

95 DIFFERENT ORGANIZATIONS
• 64 -USA
• 31-OTHER NATIONS

7,000 MEASUREMENTS W A D E

0 1 2 3 4 5 6 7 8 9 1 0 1 1

PDIS

Figure 3. PDIS participation

3. NEUTRON DOSIMETERS

3.1 Types tested

Five major types of neutron dosimeters have been tested in
the PDIS. These five types and the percentage of measurements
made with each are identified in Table I. It is noteworthy
that TLD albedo neutron dosimeters have been used about as much
as all other types combined. Figure 4 is a photograph of the
various types of neutron dosimeters used in PDIS 8. It serves
to demonstrate the physical variety associated with the five
major dosimeter types.
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TABLE I

NEUTRON DOSIMETERS USED IN THE PDIS

NEUTRON
DOSIMETER

TYPE

TLD ALBEDO

FILM

TRACK

TLD

COMBINATION

PERCENTAGE OF
MEASUREMENTS MADE
WITH DOSIMETER TYPE

48

18

15

13

6
(TLD ALBEDO/TRACK)

3.2 Performance standards

There are a variety of performance standards advocated by
several international organizations against which dosimetry
performance can be evaluated. For the purposes of this paper,
the + 50% accuracy and the + 30* precision guidelines of the
United States Nuclear Regulatory Commission (NRC) will be used
[71.

3.3 Neutron test results

3.3.1 Precision

Approximately 93% of all neutron dosimeters tested met the
+. 30% precision criterion. Film dosimeters (78%) were the only
type of neutron dosimeter for which less than 90% of those
tested met the precision guideline. It is concluded that pre-
cision is not a real problem in neutron dosimetry.

3.3.2 Accuracy

Reference neutron dosimetry [5, 8] in terms of volume ele-
ment 57 dose equivalent [9] is the criterion with which
reported values are compared in this work to determine accu-
racy. Volume element 57 neutron dose equivalents are typically
7% below the ICRP 21 values [10] for the various HPRR spectra.
It is of interest to know that the author repeated the analysis
using tie ICRP 21 dose equivalent reporting convention and the
composite results presented in this section are essentially the
same.

Figure 5 presents the average PDIS results for the three
most popular types of neutron dosimeters and five shielding
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Figure 4. Neutron dosimeter types used in PDIS 8
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conditions of the UPRR. Note that the neutron energy spectra
get softer from the unshielded condition to the Lucite-shieIded
condition. The average TLD albedo results are relatively accu-
rate (within 10%) for the unshielded HPRR, but monotonical ly
increase relative to the reference values as the spectra get
softer. The average TLD albedo results overestimate the dose
equivalent by 40% or more for four of the five HPRR shielding
conditions. Average film dosimeter response was below 80% of
reference values for all cases and below 50% (reaching a low of
16% for the steel/concrete shielding condition) for three
cases. Average track dosimeter response was low in every case,
but was always within 40% of the reference value. It should be
noted that the results just described are average results and
that some PDIS participants made accurate measurements for all
spectra with every type of dosimeter.

The dosimeter response as a function of neutron energy is
shown in Figure 6 for the three most popular dosimeter types.
The average dosimeter performance in the PDIS is what would be
expected from the u.ncprrected response following calibration
with a hard neutron source. It is obvious from the figure that
if the dosimeter response is not corrected, TLD albedo dosime-
ter results will monotonically increase as the neutron energy
decreases, film dosimeters will fail to account for neutrons
below about 0.7 MeV, and track dosimeters will fail to account
for neutrons below about 0.1 MeV. If the calibration spectrum
is significantly different from the measured spectrum, the
uncorrected results can lead to large errors. If the spectra
are known (as they are in the PDIS) and the response of the
dosimeter is known, corrections to the response can be made and
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Figure 6. Dosimeter response

more accurate results can be obtained. It is evident from the
composite results that many PDIS participants did not ade-
quately correct the response of their dosimeters for the par-
ticular spectra measured.

As mentioned above, the NRC accuracy guidelines are +_ 50%.
Table II shows the percent of neutron dosimeters measuring
within 50% of the reference values by type of dosimeter and by
IIPRR shielding condition. It should be noted that these meas-
urements were made under ideal conditions (time of irradiation,
source, orientation, spectrum, etc., all known) rarely encoun-
tered by applied dosimetrists. Because of these conditions, it
is likely that these results are more accurate than general
field measurement results. It is seen from Table II that fewer
film dosimeters met the accuracy guidelines than any other
dosimeter type regardless of HPRR spectra. Overall, only 29%
of the measurements made with film met the requirements. Con-
sidering all shielding conditions, the same percentage (i.e.,
59) of TLD (not the albedo type) and track dosimeters met the
performance standards. The TLD type outperformed track for
harder spectra, but the reverse was true for softer spectra.
The TLD albedo dosimeters showed less variation in the percent
of dosimeters meeting the +_ 50% guidelines from spectrum to
spectrum than any other type of dosimeter. Overall, 70% of the
albedo dosimeters tested met the NRC guidelines. A greater

TABLE II
PERCENT OF NEUTRON DOSIMETERS MEASURING

WITHIN 50% OF THE REFERENCE VALUE

HPRR
SHIELD

NONE

13-cm STEEL

20-cm CONCRETE
12-cm LUCITE

FILM

26
37
16
39

TLD
ALBEDO TLD

77

72

76
60

77
-

52
50

COMBINATION ALL
TRACK (ALBEDO/TRACK) DOSIMETERS

52

50

49

73

83
55

79

73

65
61

58
58

ALL SPECTRA 29 70 59 59 77 60
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portion (77%) of combination TLD albedo/track dosimeters met
the guidelines than any other type of dosimeter. Considering
all dosimeter types, more met the performance standards for
hard spectra than for soft spectra. Overall, 60% of the dosim-
eters tested met the NEC standards.

4. GAMMA DOSIMETERS

4.1 Types tested

During the PDIS, many participants made gamma dose
equivalent measurements as irell as neutron dose equivalent
measurements. A total of 3,500 gamma measurements were made
during the 10 PDIS under consideration. About 70% of these
were made with TLDs (primarily Harshaw TLD-700) and 30% with
film.

4.2 Gamma test results

unlike the situation for neutrons, there is no well-
established and documented UPRR reference gamma dosimetry.
This is mainly due to the difficulty of estimating the fission
product gammas as a function of time and reactor power history.
For this reason, relative test results for TLD and film dosime-
ters are presented in Figure 7. It is noted that for most HPRR
spectra, film gamma dosimeters overrespond relative to TLDs.
This relative overresponse decreases as the reactor shield mass
attenuation coefficient increases (i.e., from NO SDIELD to
STEEL/CONCRETE in the figure) primarily due to the fact that
film gamma response drops with decreasing gamma energy.

NONE LUCITE CONCRETE STEEL

SHIELD TYPE

STEEL/
CONCRETE

Figure 7. Gamma dose equivalent measured by film normalized to
that measured by TLD
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5. CONCLUSIONS

The conclusions listed in this section are based on the
PDIS information presented above and from calculations per-
formed and observations made to arrive at those data

5.1 Conclusions about neutron dosimetry

5.1.1 Precision is not a problem in personnel neutron
dosimetry.

5.1.2 Under ideal conditions, 60% of neutron dose
equivalent measurements are within +_ 50% of reference values,

5.1.3 Dose equivalents from hard spectra are more accu-
rately measured than dose equivalents from soft spectra.

5.1.4 The measurement accuracy is not improving with
time. The overall accuracy for PDIS 2 is the same as that for
PDIS 8.

5.1.5 The combination TLD albedo-track dosimeter is the
most accurate type in the overall tests using the HPRR. The
TLD albedo dosimeter is the second most accurate type.

5.1.6 Film is the least accurate type of dosimeter in the
HPRR tests

5.1.7 Accurate measurement in one spectrum does not
assure accuracy when other spectra are measured. It is noted
that 77% of TLD measurements met the accuracy criterion for the
unshielded IÎPRR, but only 50% of TLD measurements met the cri-
terion for the Lucite-shielded HPRR.

5.1.8 The TLD albedo dosimeter is the most popular type.

5.1.9 The use of film is decreasing, TLD and track use is
constant, and the use of combination dosimeters is increasing
among study participants

5.1.10 Calibration is vital to measurement accuracy. If
the measured spectrum is significantly different from the cali-
bration spectrum, correction factors must be used.
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5.2 Conclusions about gamma dosimetry in mixed fields.

5.2.1 The TLD-700 dosimeter is the most popular mixed-
field gamma dosimeter among study participants.

5.2 .2 About 70% of m i x e d - f i e l d gamma d o s i m e t r y is done
w i t h TLDs and about 30% wi th f i l m .

5.2.3 Film dosimeters generally overestimate the mixed-
field gamma dose relative to TLDs.
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NEW PERSONNEL DOSIMETER PERFORMANCE TEST PROGRAMS
IN THE UNITED STATES*

C.S. SIMS
Oak Ridge Na t iona l Laboratory.
Oak Ridge, Tennessee,
Uni ted S ta tes of America

Abstract

Two new, government-initiated personnel radiation dosime-
ter performance test programs are underway in the united
States. The National Voluntary Laboratory Accreditation Pro-
gram (NVLAP) is out of the pilot state and, since January of
1984, has been involved in testing and evaluation leading to
the certification of dosimeter processors. The Department of
Energy Laboratory Accreditation Program (DOELAP) entered the
pilot program stage in February of 1985. The technical basis
for and description of the NVLAP are found in ANSI N13.ll
(1983), Criteria for Testing Personnel Dosimeter Performance.
For DOELAP, similar information is found in PNL-4515 (1984),
Guidelines for the Calibration of Personnel Dosimeters. Infor-
mation relating to the development of the programs, radiation
test categories, details associated with the irradiations,
NVLAP test results to date, DOELAP testing status, and future
prospects for both programs are presented and discussed.

1. INTRODUCTION

Two personnel radiation dosimetry performance test pro-
grams have recently been started in the united States. Both
programs were initiated by the government to improve the qual-
ity and performance of dosimetry systems in use. The National
Voluntary Laboratory Accreditation Program (NVLAP) is admin-
istered by the National Bureau of Standards (NBS) in coopera-
tion with the Nuclear Regulatory Commission (NRC). The Depart-
ment of Energy Laboratory Accreditation Program (DOELAP) is
administered by the Department of Energy (DOE). The NVLAP and
the DOELAP are discussed and a summary of these programs is
presented.

2. NVLAP

2.1 Background

The NRC contracted with the University of Michigan to con-
duct a pilot study of a draft radiation dosimetry standard.

Research sponsored by Physical and Technological Research
Division, U.S. Department of Energy, under contract
DE-AC05-840R21400 with Martin Marietta Energy Systems, Ire.
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The University conducted three trial tests of the draft stan-
dard between 1978 and 1982 [1]. The standard, which was
developed by the Health Physics Society, was formally issued in
1983 as ANSI N 13.11 [2]. The NRC has proposed amendments to
10CFR20 which will require its licensees to utilize the ser-
vices of dosimeter processors that have been accredited by
meeting the requirements of the NVLAP [3]. The NBS has the
responsibility for establishing the NVLAP (which is funded by
those seeking accreditation), selecting the test laboratories,
assessing the dosimeter performance relative to the standard,
and issuing certificates of accreditation.

2.2 Requirements

The NVLAP accreditation is granted after successful com-
pletion of a process which involves submission of an applica-
tion and payment of a fee by the processor, an on-site visit by
NVLAP assessors, proficiency testing, deficiency resolution,
technical evaluation, and administrative review. The remainder
of this section focuses on the proficiency testing portion of
the program.

The eight NVLAP radiation categories and the associated
test ranges of dose and dose equivalent are presented in Table
I. The low energy photons of categories 1, 3, and 6 are gen-
erated by x-ray machines. The performance requirements for
passing the proficiency test in each category are presented in
Table II. It is noteworthy that the tolerance level (i.e.,
accuracy plus precision) is 0.3 for the accident tests (i.e.,
categories 1 and 2) and is 0.5 for all other categories.

Table I

NVLAP TESTS PER ANSI N13.11

CATEGORY RANGE

1 ACCIDENTS, LOW-E PHOTONS 0 1-5 Gy (10-500 rad)

2 ACCIDENTS, Cs-137 PHOTONS 0 1-5 Gy (10-500 rad)

3 LOW-E PHOTONS 0 3-100mSv (0 03-10rem)

4 Cs-137 PHOTONS 0 3-100mSv (0 03-10rem)

5 BETA (Sr-90, Y-90) 1 5-100mSv (0 15-10rem)

6 COMBINATION 3 + 4 0 5-50mSv (0 05-5rem)

7 COMBINATION 4 + 5 2-50mSv (0 20-5rem)

8 D2O MODERATED Cf -252 AND 4 1 5-50mSv (0 15-5rem)
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Table II

NVLAP PERFORMANCE REQUIREMENTS

• 15 DOSIMETERS PER CATEGORY

BIAS STANDARD DEV
(ACCURACY) (PRECISION)

|B| + S ^ L

• BIAS + STANDARD DEVIATION < TOLERANCE LEVEL

WHERE
n

p REPORTED, - DEL IVERED

DELIVERED,

n
L (PI -1=1

n - 1
• L = 0.3 FOR ACCIDENT TESTS, L = 0.5 FOR ALL OTHERS

All NVLAP irradiations are performed with personnel dosim-
eters mounted on Lucite slab phantoms. Gamma, beta, and x-ray
irradiations require phantoms with dimensions 30x30xl5-cm while
the neutron irradiations require 40x40xl5-cm phantoms.

The dose and dose equivalent reporting conventions used in
NVLAP are similar to those currently recommended by various
international organizations. These conventions involve the
30-cm diameter sphere as defined by the International Commis-
sion on Radiation Units and Measurements [4], the shallow dose
equivalent (at a depth of 0.007 cm), the deep dose equivalent
(at a depth of 1 cm), and the absorbed dose (at a depth of 1
cm) .

2.3 Status

Most dosimeter processors expect the NRC to enact legisla-
tion requiring NRC licensees to have dosimetry performed by
accredited processors. As of September, 1985, such legislation
had not yet been enacted. However, many dosimetry processors
have already chosen to participate in NVLAP in anticipation of
NRC regulations and also because companies which provide
insurance to nuclear facilities are urging them to have legal
proof of competent dosimetry. As a result, NVLAP testing for
accreditation began in January, 1984. As of September, 1985,
26 processors were accredited and 21 more were undergoing test-
ing. The 26 accredited processors include 19 nuclear power
utilities, 4 dosimeter vendors, and 3 government laboratories.
The accreditation, which is good for 2 years, costs have aver-
aged about $9,000 per processor. The costs vary primarily
because different processors seek accreditation in different
numbers of irradiation categories.
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2.4 Results

The university of Michigan pilot program (1978-1982) for
NVLAP eliminated some processors who had difficulty with termi-
nology (e.g., Gy, Sv) and with measuring Cs-137 doses. Some
detailed results of the pilot program are available in the
literature [1,5].

No test results related to the formal accreditation pro-
gram which began in 1984 have yet been published in the open
literature. The MBS has plans to publish results at the 1986
Health Physics Society meeting in Pittsburgh, Pennsylvania.
The test results mentioned in this section are, therefore,
brief and general.

A total of 93% of dosimeters tested in the formal NVLAP
program have passed the performance tests. The categories
causing the most difficulty for processors are categories 1, 3,
and 6 (all involving low energy x-rays). Categories 5 (beta),
7 (beta plus gamma), and 8 (gamma plus neutron) have caused
minor problems for processors. There have not been any
failures in categories 2 or 4 which involve Cs-137 gamma-rays.

3. DOELAP

3.1 Background

A DOE study conducted during the NVLAP pilot program con-
cluded that "ANSI N13.ll is neither sufficiently stringent nor
complete as a standard for testing the broad range of dosimetry
programs required at DOE facilities." The DOE subsequently
developed more restrictive standards for their use. these DOE-
LAP performance standards are based on a modified version of
ANSI N13.ll as presented in PNL-4515 [6]. The draft criteria
were distributed by a letter document defining the DOELAP pilot
program to the various DOE field offices in October, 1984 [7].
In addition to stronger performance criteria than NVLAP, cen-
tral DOELAP concepts include emphasis on dosimetry improvement
and the reverse testing of the program's irradiation facili-
ties. It is DOE's intent to eventually merge DOELAP and NVLAP.

3.2 Requirements

It is planned for the DOELAP accreditation to involve
passing the dosimeter performance tests, passing a quality
assurance audit, passing an on-site inspection of the facili-
ties and the documentation, and developing recommendations for
any needed improvements to provide continuing quality. It is
noted that the DOELAP test standards will be continually
upgraded as improved dosimetry capabilities become available.
The remainder of this section deals only with the performance
test portion of the program.
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The DOELAP test program includes all of the NVLAP test
categories shown in Table I and expands these to include those
radiations presented in Table III. As with the NVLAP, the "low
E photons" of Table III are generated by x-ray machines. The
performance criteria for passing the DOELAP tests are presented
in Table IV. In general, the tolerance level (i.e., accuracy
plus precision) is 0.3 instead of 0.5 as in NVLAP. The excep-
tion, as noted in Table IV, is that the limit for Tl-204 betas
is 0.5.

Table III DOELAP test categories
DOELAP CONTAINS ALL NVLAP TEST

CATEGORIES AND

• Cf-252 (UNMODERATED AND MODERATED)

• BETA FROM Tl-204

• BETA FROM URANIUM SLABS (NATURAL AND DEPLETED)

• COMBINATION OF LOW E PHOTONS AND BETAS

• COMBINATION OF LOW E PHOTONS AND Cf-252

• ADDITIONAL X-RAY ENERGIES

Table IV

DOELAP PERFORMANCE CRITERIA

|B| + s < 0.3

THIS HOLDS FOR ALL EXCEPT Tl-204 BETA TEST WHERE

|B| < 0.5

IS USED DUE TO PRACTICAL LIMITATIONS

3.3 Status and Results

The DOELAP pilot study began in February, 1985. Six DOE
laboratories participated in this study. The study was com-
plete by September, 1985, but no formal results were available
for general distribution. It is anticipated that all DOE
laboratories will be required to participate in formal DOELAP
testing beginning sometime in 1986.

4. SUMMARY

The NVLAP is underway and many processors are becoming
accredited. There is a very low failure rate. The future of
NVLAP is uncertain as of September, 1985 because the NRC has
not yet acted to require its licensees to be accredited.
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The DOELAP pilot study has been completed. The program is
more strict than NVLAP and is aimed at continually improving
dosimetry. It is the desire of the DOE that NVLAP and DOELAP
be combined into a single program in the future.
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TLD-PERSONNEL MONITORING SYSTEM
AT THE BORIS KIDRIC INSTITUTE
OF NUCLEAR SCIENCES-VINCA
AND A REVIEW OF CURRENT STATUS
OF PERSONNEL DOSIMETRY IN YUGOSLAVIA

M. PROKIC
Boris Kidric I n s t i t u t e of Nuclear Sciences.
Vinca, Belgrade,
Yugoslavia

Abstract

About 16500 radiation workers are currently supervised
with personnel dosimeters in Yugoslavia by seven operative
authorized personnel monitoring services. From 1977 it is le-
gally prescribed the equality of using thermoluminescence and
film dosimeters.

At the very begining of 1978, the first authorized institu-
tion was the Boris Kidric Institute of Nuclear Sciences, Vinca
which introduced thermoluminescence dosimetry as the main dosi-
metric technique in personnel monitoring service.

It is presented the organization of the TLD personnel moni-
toring system at the ooris Kidric Institute of Nuclear Sciences,
Vinca which is based on MgB^O^iDy solid TLD developed and produ-
ced by the Institute. The layout and the operation details also
of the automated and computerized TLD personnel monitoring system
in the Institute, performances of the r'osircetric system and evalu-
ation procedures, are discussed.

Today TLD is well-established technique in personnel dosi-
metry at the Boris Kidric Institute of Nuclear Sciences, Vinca
and it is on its best way to become the dominant method in a
very near future in Yugoslavia. One of the important reasons ir.
that TL dosemeters are available in the country, and thus yields
the lower investment costs for introduction of TLD in personnel
dosimetry.

The paper also presents the organization of the personnel
dosimetry in Yugoslavia and gives a review of the current status,
assessments and trends in personnel dosimetry in Yugoslavia.

Some proposals for additional research and subjects for
future international intercomparison programmes on personnel
dosimetry are presented and discussed.
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1. INTRODUCTION
About 16500 radiation workers are currently supervised with

personnel dosemeters in Yugoslavia. Official dosimeters are distri-
buted by seven operative authorized personnel monitoring services.
By the Government issued low (1977) it is legally prescribed the
equality of using thermoluminescence dosimeters for personnel mo-
nitoring, which recommends the replacement of films by thermolumi-
nescence dosimeters as a system which enables higher accuracy of
dose measurements.

Under the recommendations of the Yugoslav Radiation Protect-
ion Society based on the Meeting of experts in the field of perso-
nnel dosimetry (1978) it was advised to replace films with natio-
nal TL dosimeters produced by the Boris Kidric Institute of Nucle-
ar Sciences, Vinca which is proclaimed as a Reference Laboratory
for TL dosiraetry in Yugoslavia. Since the Institute Vinca deve-
loped its own thermoluminescent dosimeters and the technology of
producing a large quantity of TL dosemeters, it was a favourable
fact to replace films by TLD in personnel dosimetry.

Particular care has been devoted to the organization of the
TLD personnel monitoring system at the Institute Vinca, including
a review of the current status, assessments and trends in personnel
dosimetry in Yugoslavia.

Finally, some unpretending proposals for additional research
and subjects for future international intercomparison programmes
on personnel dosimetry, has been discussed.
2. ORGANIZATION OF TLD PERSONNEL MONITORING SYSTEM AT THE

INSTITUTE V1NÖA
At the begining of 1978, thermoluminescence dosimetry was

introduced by authorized personnel monitoring service associated
with the Boris Kidric Institute of Nuclear Sciences, Vinca, for
about 2500 radiation workers from industry, clinics, hospitals,
research institutes, etc.

The technology was developed for the large scale production
of a few types of thermoluminescence dosimeters for application
in different fields of radiation protection - in personnel and
environmental dosimetry: MgB^O^rDy, MgB^O^:Dy,graphite mixed,
LipB;07:Mn, CaSC.:Dy /1,2/. Development of highly sensitive near
tissue equivalent sintered MgB̂ O,-,:Dy TL dosemeters gives the po-
ssibility of introducti m of this type of TLDs in the personnel
dosimetry monitoring.
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2.1. TL Dosimeters
The Institute Vinca personnel monitoring system has been

based on MgB^O^rDy solid TL dosimeters. The main features of
MgB^OrjrDy TLDs are near tissue equivalence, high sensitivity,
re-use after readout without annealing treatment and the low cost
of production. Measured on Harshav Model 2271 Automatic System
it is about six times more sensitive than TLD-10C. By applying a
correction factor to the calibration TL dosemeters which are rea-
ding together with the monthly readout of personnel TLDs, the error
introduced b> fading can be kept below 5 % during the regular mo-
nitoring period. The personnel TLD badge consists of an "TLD card"
on which solid 4- mm diameter MgILCu:Dy TLD's are fixed on an alu-
minium support between the transparent and adhesive PTFE tapes.
TLD card shape exactly corresponds to Harshaw Model 22?1 Automa-
tic System which is used as TLD readout system. Each TLD card
contains two solid TL dosimeters provided with tho ba^ code label,
which is progressively replaced by TLD cards with an identifica-
tion number and a corresponding binary hole code, all produced
at the Institute.

For the majority of workers the gamma/ X-ray exposures, one
component dosimeter card with two TLD samples can be satisfied.
However, for the minority of persons who may be exposed to neut-
rons, it is in use Kg B^Or,:Dy - MgB^CUiDy dosimeter pair for
occasional slow neutron exposures. Uwinp to the large differen-
ce in the TL response of boron-10 depleted and natural magnesium
borate TT. dosimeters which exposed to an incident thermal neutron
fluence cf It ° n cm" showed TL responses of 1.2 and '4-62 equiva-
lent R, respectively, the TLD card consisting of TLD pair may be
used for thermal-neutron dose estimation. We are now developing the
personnel neutron dosimeter as a combination of albedo dosimeters,
based on the pair of magnesium borate TLDs and a track etch detectors.

The persons which are exposed to beta or beta-gamma radiation
fields during the production process and handling of the radioiso-
topes are supplied with two-component TLD cards with the standardpMgB^C^rDy element shielded with an Al filter of 600 œg cm and
with recently developed graphite mixed magnesium borate TL detec-
tor for skin dosimetry inserted on the same support and covered_pwith the 3»5 mg cm transparent PTFE layer which is positioning
under the open window of the badge. Also the workers displayed to
specific operations are supplied with three kinds of differently
designed TLDs :• TLD-IBK body dosimeter, the wrist and finger dosime-
ters designed for mixed beta-gamma dose measurements. The detailed
explanation is given elsewhere /2/.
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2.2 Readout and data processing 073ten
The readout system consists of the Harshaw Model 2271 Auto-

matic TLD System, integrating picoammeter, digital comparator
with TTY interface and Teletype 33 Printer. The readout values
threw TTY interface are transferred to the Commodore Model 2001
microcomputer, dual floppy disc and line printer Centronics 779
model, with peripherals. Figure 1 shows the simplified block dia-
gram of the TLD measurement, evaluation procedures and organiza-
tion of the system of personnel monitoring at the Institute Vinca.

CORRECT
FORMAT E R R O R S
OÎ. 7HE ?FR.MI')AL

FGR'iAT ER."!CF<;
CC'.TROL
L I S T I N G

Figure 1. Simplified block diagram of TLD evaluation system
performed at the Boris KidriJ Institute of Nuclear
Sciences, Vinîa
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The use of microcomputer gives us the possibility for direct com-
munication with our computer, since the use of the large computer
centre would induce a considerable dependence on the computer de-
partment for any work to be done and any change in their internal
organization would effect our own, too.

The whole system of data processing covers five principal
functions: measurement and acquisition of data; updating the TLD
users file with measured values; updating the TLD users file with
personal data; printing the final dose report; storing of measured
and calculated data. Therefore the dosimeter code number is the
key in the process of updating the main TLD users file with data
contained in the working file.Based en the calibration cards and bac-
kground values the actual dose is calculated and attributed to the
monitored person. The dose report contains the evaluated monthly
and/or quarterly depth dose values. Beta/gamma and neutron TLD
cards are handled separately. No annual dose reports will be issu-
ed, only on special request a full record of âH dosimeter measure-
ment relevant to an individual can be obtained. At the end of each
year a statistical evaluation is performed determining frequency
of tolerance limit excess, average exposure of different occupa-
tional branches, etc. The working file data are stored on the
discette until] the vacant space is exhausted and after they are
saved on the magnetic cassete which has the larger memory space
(but allows only sequential access to data). With the carefully
projected programs and data structures the use of microcomputer
in a data processing system for personnel dosimetry gives prac-
tically the same possibilities as the use of large computers.

When a registered employ exceeds of his permitted quarterly
Maximum Permissible Dose or if he accumulates dose at a rate that
indicates that the MPD could be exceeded within the quarter, than
it is signalised to the Occupational Health Survey before recei-
ving a coppy of dose reports.

Before a dosimeter is issued it will be passed several .times
through the reading process of the system, and it will be exposed
to a known radiation dose, so that its actual sensitivity can be
checked. At present, it is not performed individual calibration
of each dosimeter because we have at our disposal (as a producer
of TLD) many of TLD samples so the maximum variation in sensiti-
vity is kept within 10#. TLD cards with KgB^C^tDy TL dosimeters
which are in circulation since 1979 have shown a long term stabi-
lity without changing sensitivity, or zero dose stability, without
physical deterioration.
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Cur experience showed that automated and computerized perso-
nnel TLD monitoring system resulted in higher degree of accuracy
and have the advantage in comparison with classical manner of data
processing.
3. ORGANIZATION AND CURRENT STATUS CF PERSONNEL

DCSIMETPY IN YUGOSLAVIA
There are seven operative authorized personnel monitoring

services in Yugoslavia which are responsible for supervision of
rib ou t 16500 rcdiaticn workers. The authorized personnel monito-
ring services are, as following: Boris Kidric Institute of Nuclear
Sciences, v'ir.ca, Belgrade, with about 3300 workers under control,
frorr. which 81". ;jre still controlled by films (till the end of this
year,); Institute of l.edical Research and Occupational Health, Bel-
grade, with about; 3500 persons under control; Institute for Radia-
tion and Occupational Health, Zagreb, with approximately 5500 wor-
kers under supervision; Institute for Radiation Irotection, Ljub-
ljana, approximate 500 persons; Institute for Occupational Health,
Sarajevo, about 2500 persons; Institute for Occupational Health,
Skoplje, with about 300 persons under control, and Institute for
Occupational Health, Pristina, with about 30O persons under con-
trol. The personnel monitoring services of the military and rela-
ted institutions are independent.

At present there are about 12500 readiation workers supervi-
sed with thermoluminescence dosimeters, so that in some of the
services they are used parallel with films and in another, TLD
is comprising into practice work. This status will be changed in
behalf of TL doaimetry in a very near future.

The authorized centres, except two of them are supplied with
TLD readers of very heterogenous types: Harshaw Model 2271 Automa-
tic TLD system, Harahaw TLD readers 2000A and 200OC, semiautoma-
tic Pitman 654, Pitman Manual TLD reader, Eberlyne Model TLH-5,
Victoreen 2810, Teledyne Isotopes TLD 7300, as well as a few of
homemade TLD readers (Jozef Stefan Institute). At the Institute
VinSa it is developed the portable TLD reader for accidental do-
simetry as well as for clinical application of TL dsosimetry. The
existing situation required the unification of TLD instrumentation
and equipping with the same type of automatic TLD systems.
4. INTERCOMPARISON EXPERIENCES

Boris KidriS Institute of Nuclear Sciences, Vinca, as well
as other authorized centres had no occasion to be included in the
large scale international intercotnparison programmes on personnel
dosimetry.
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Experience of the Institute Vinca in the field of intercompa-
rison experiments in the scope of personnel dosimetry was the foll-
owing. In the period of 10-1? dareh 1979, at the Institute it was
performed the interlaboratory test of TL dosimeters and readers
which were developed and produced by the Institute Fizyki Jadrowej,
Krakow, Poland and by our Institute. The experimental procedures
included four types of TL dosimeters, LiF(IFJ), TLD-100(Harshaw
Chemical Co), Ca30^_:Dy (BKI Vinöa) and MgB^Or^Dy (BKI VinSa) which
were simultaneously irradiated with low gamma doses and successive-
ly readout on the TLD readers produced by IPJ and Harshaw Model
2000 TL Analyzer. The characteristic quantities measured were: zero
reading, dark current, reproducibility, individual sensitivity of
TLQs, etc. Some of the results are presented in the cited litera-
ture /!/.

In the period from 15-17 October 1979, Boris Kidric Institute
of Nuclear Sciences, Vinca, a Reference Laboratory for thennolumi-
nescence dosimetry, organized officially an extensive programme of
intercomparison of TL dosimeters produced in Yugoslavia for perso-
nnel dosimetry and different types of existing TLD readers. J>2. par-
ticipants from 16 institutions took part in the test programme. Si-
multaneously it was an educative course for the participants which
decided to use TL dosimeters produced by the Institute Vinca for
personnel dosimetry. The experimental procedure was performed with
recpect to the determination of the characteristic quantities, like
zero dose reading, the lower detection limit, standard deviation,
precision of measurement as a function of exposure, dose range,
short term stability, annealing procedures, dose evaluation proce-
dure, read-out procedure, etc., according to "^Technical recommendatio-
ns for the us« of thermoluminescence for dosimetry in individual mo-
nitoring for photons and electrons from external sources" /3/.
5. ASSESSMENTS AND TRENDS

TTrfl is well-established technique in personnel dosimetry at
the Boris Kidrie Institute of Nuclear Sciences, VinSa, and it is
on its best way to become the dominant method in a very near future
in Yugoslavia. One of the important reasons is that TL dosimeters
are available in the country, and thus yields the lower investment
costs for introduction of TLD in personnel monitoring.

However, it is necessary to improve the procedures of handling
and evaluation of TLD in certain authorized services, and also to
establish periodic comparisons of TL dosimetric systems, methods,
procedures and dosimetric instrumentation in personnel dosimetry.
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THE SYSTEM OF PERSONAL NUCLEAR ACCIDENT DOSIMETRY
OF PHOTON OR MIXED NEUTRON PLUS GAMMA RADIATION
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Abstract

An accurate, simple and reliable system of neutron
or gamma radiation personal dosimetry for nuclear acci-
dents Ls developed based on the commercial emergency
dosimeter DL-M4- which is tissue equivalent for photon or
mixed (n + gamma) radiation fields of all practically
important energy spectra. The DL-M4 dosimeter measures
neutron plus gamma total tissue absorbed dose directly.
The pencil of the dosimeter may contain a chip (1 mm

nO.D. x 4- mm) of LiF or other neutron insensitive thermo-
luminescent material for separate measurement of the
gamma component of total dose. The addition of LiF (or
natural LiF) would help to measure neutron albedo which
can indirectly give sufficient information in the low
neutron or gamma dose range not measurable by DL-M4-.
Two such dosimeter sets carried on opposite sides of
the body will accurately and immediately measure the
maximum surface dose. Some additional sets can give the
minimum dose too, which allows the approximate determi-
nation of organ doses and the precise enough forecast
of radiation damage to the irradiated person. In the 1
to 10 Gy dose range the DL-M4 alone (maximum and mini-
mum total doses) gives enough information for quick
protective actions.

The histories of nuclear accidents show that initi-
ally good concepts, equipment or organization for dete-
ction, alarm or dosimetry in case of accidents can,
many years after instalation, be neglected (bad mainte-
nance, no control of function, going out of calibration)
and become inefficient or useless. This happened in some
very well staffed and equiped laboratories and it is more
probable to happen in countries with less tradition in
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handling sophisticated technology. The application of
nuclear energy or strong radiation sources in develop-
ing countries is in constant increase and the probabi-
lity of accidents or bad handling of post-accident
situations due to human error becomes more and more
important. In the field of nuclear accident dosimetry
this stresses the importance of applying methods which
are reliable after many years without technical "main-
tenance or checking, or methods and technical aids which
are in everyday use and kept in good condition by frequent
control maintenance. In the first case the application of
the method should be very simple - capable to deliver the
dosimetric data quickly and with sufficient accuracy
after sinple application of the instruction manual. Simple
techniques requiring a sophisticated method of interpre-
tation of measured values is not satisfactory. Scientists
or specialized experts capable of performing such inter-
pretation might not be available, especially in developing
countries.

Special problems arise in personal nuclear accident
dosimetry in case of criticality accidents, i.e. in case
of exposure to mixed neutron plus gamma radiation fields
producing lethal doses. Basic criteria for this case
(valid also for nuclear accident dosimetry in general) have
been defined by the IAEA Panel in 1969 (1), and are often
refered to up to now (2,3). According to these criteria and
the practice of many international nuclear accident dosi-
metry intercomparison experiments a personal dosimetry
system should be capable of measuring separately maximum
absorbed doses due to neutrons or gamma rays (as components
of total dose). The separate uncertainties of both compo-
nents of dose should be reduced to less than 25% within
four days after the accident. The maximum absorbed dose is
not directly related to the health hasard to the irradiated
person and therefore it is required that sufficient dosi-
metric data or information about the energy spectrum of
radiation (n and gamma) is supplied to make possible the
determination of doses delivered to critical organs. In
agreement with this final goal requirements and recommend-
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ations have been formulated in detail (1 to 4) defining
the desired qualities of dosimetry systems. It is especially
stressed that the highest possible accuracy should be avai-
lable in the dose range 2 to 8 Gy. In most cases the systems
tend to determine the fluence and spectrum of neutrons with
subsequent calculation of dose distribution within the
volume of the irradiated body. As the knowledge about dosi-
metry systems and relations between dose distributions and
the energy spectrum increases, systems of neutron dosimetry
having the signal proportional to neutron tissue kerma are
more and more used (3). The development trend to simplify
the methods of measurement and interpretation is generaly
present (2,3). This is fully understandable because in
radiation fields which are normally grossly inhomogeneous
and have complicated energy spectra with considerable
contribution to dose from degraded neutrons it is very
difficult to reach the total uncertainty of below 25% (even
with highest skill) for dose to organs. In addition, the
requirement that in some cases the dosimetry system should
be independent of power supply is very reasonable.

To increase the accuracy of organ dose determination
and because of expected inhomogeneity of radiation fields,
at least four dosimeters are recommended to be worn
around the belt in addition to dosimeters on the head and
on extremities. To further increase the reliability of data
about the radiation field (necessary especially in case of
workers wearing no dosimeter) area dosimetry with some
"dosimetry stations" (cylindrical phantoms containing
dosimeters inside and around the perimeter) are recomended.

We have developed the chemical chlorobenzene-ethanol-
trimethylpentane system (GET) which has been proposed as a
new highly accurate secondary dosimetric standard for
photon or mixed field (gamma plus neutron) radiation dosi-
metry (5,6).This system has been the base for development
and commercial production of the standard personal dosi-
meter DL-M4 (earlier model DL-M3) which is applied as an
accident and emergency n + gamma dosimeter, and as a
standard dosimeter for calibration of laboratory experi-
ments and "transfer dosimetry" with gamma or mixed radi-
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ation fields. The active part of the DL-ÏÏ4 dosimeter is
a scaled glass ampoule of 5 nun OD and 130 mm length
filled with the GET system. The reading of dose is per-
formed by spectrophotometry or by visual colorimetry
(with the commercial reader CDL-PM-). Due to high stability
and reproducibility as well as excellent dosimetric pro-
perties of the GET system as such and the commercial
dosimeters and readers as well, the precision of measure-
ment of 1 to 2 percent and the overall accuracy of -10 cGy
or -lO/e* is easily obtained independently of variable
physical conditions of measurement or of the energy spectrum
of radiation (for neutrons up to 8 MeV). With visual
readers (colorimeters) the precision of measurement in
accident conditions which is possible after simple
application of the instruction manual (even many years
after training) has been obtained as (95% confidence):
(A) with quick measurement lasting 1 minute per dosimeter:

40 cGy or 20% whichever is higher,
(B) as a mean of 10 readings with correction of systematic

readout error, lasting 10 to 2O min per dosimeter:
10 cGy or 5-7% whichever is higher.

Twenty-four hours after the accident or after few hours of
measurement (to obtain good statistics of visual colorimetry
eliminating the systematic error of readout down to about
0.5 to \°/o] the precision of about 3 cGy or 1 to 1.5%
(whichever is higher) is obtained. Because of extremely
good reproducibility of the GET system sensitivity the only
important source of error of BL-M4- readings is the readout
error. But, as this error obeys statistically normal distri-
bution, it was possible (by producing precise colour
standards of the shape and colour of irradiated dosimeters,
as well as by applying sufficient statistics) to eliminate
a great part of the systematic error of readout and to
get high precision. With sealed ampoules of DL-M4- dosimeters
and colour standards, which do not change their sensitivity
or calibration even after 10 years, there is no need of any

•u Nain part of this is the uncertainty of reference dose
in neutron experiments.
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checking or recalibration. This makes significant increase
of reliability of the system, as well as economy of tine in
case of measurements performed after longer time intervals.
A rather important source of uncertainty in some cases of
neutron dosimetry may be the not yet completely known error
of calibration of neutron fields used for some of our
calibration intercoraparison experiments. The response of the
GET system is a natural constant and our future task is to
measure it with improved absolute accuracy. The best approach
to decrease such uncertainties is the repetition of inter-
comparison experiments with improved accuracy of reference
dosimetry.

In the appendix to this paper all results of our
earlier experiments designed to determine the response to
fast neutrons (R ) of the GET system and the DL-M4(M3)
dosimeter as related to their response (R ) to the
Co-60 gamma field producing the same absorbed dose in
muscle tissue are listed. In many of the experiments the
reference dose was obtained by TE-ionization chambers and
separate determination of the gamma component of mixed dose.
Some uncertainties might be overestimated, but knowing the
difficulties with obtaining true information about absolute
accuracy of neutron dosimetry, we were inclined to be
rather conservative. Especially the uncertainties of data
of exps. No 1,4,7 and 11 are probably lower.

In relating biological consequences of radiation in
the large organisms (similar to human body) to dose measured
at the surface of the body the most important factor is the
nonuniformity of dose distribution in depth, or the dose
distribution to critical organs (most important of which
is in practice the red bone marrow). Related to producing
acute radiation injury and influencing the average recovery
of the organism this factor is in most cases much more
important than the neutron to gamma dose ratio. Moreover,
our study of well known radiobiological experiments has
shown that, as related to maximum surface absorbed dose,
neutron dose is less (or sometimes equally) effective than
the dose delivered by incident gammas. In addition, the
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study of depth dose distributions, that really can be
expected in practically most probable events, shows that
very much can be deduced from exact knowledge of maximum
and minimum surface absorbed doses, in some cases even
without separate information about neutron recoil dose and
the gamma dose. By applying two dosimeters (n + gamma) the
maximum dose is obtained, and by using four around the
belt the minimum dose is also obtained. It is here important
to stress that, in addition to maximum and minimum doses
around the belt giving sufficient data to calculate the
dose distribution to bone marrow or gastrointestinal tract
(most frequent sources of lethal injury), it may in some
cases be important to separately know the dose to head,
and only in case of extremely inhomogeneous irradiations
(e.g. the Mole accident) the dose to extremities. Information
about the dose rate is also important in extreme cases.

To separately measure the gamma dose in presence of
neutrons the best solution would be a small TLD chip (0 1
x 4 mm) erabeded into the material of the pencil of DL-M4.7LiF would be the best material, but small impurity of
LiF would give the overestimation of the gamma component

due to the high sensitivity of LiF to thermal neutrons
scattered from the human body. CaFp TL matrial would be
satisfactory if shielded by a thin lead foil. As DL-M4-
accurately measures in the range between 0.5 and 15 Gy, the
TLD will give the data about small and very high gamma

Cdoses. Natural Li or Li in an albedo dosimeter could give
necessary information on low D (information on dose
equivalent if neutron energy spectrum and the energy
dependence of this albedo dosimeter are known).
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APPENDIX
RESPONSE OF THE DOSIMETER TO THE TISSUE DOSE OP NEUTRONS

EXP.

1
2
3
4

5
6

NEUTRON SPECTRUM

MONOCHROMATIC
MONOCHR + SCATTERED
Be(d,n) SPECTRUM
FROM CYCLOTRON
Al(d,n) SPECTRUM
FROM CYCLOTRON
FISSION, UNCOLLIED
FISSION, H20 MODER,
FILTERED THROUGH
Bi AND B,,C

MEAN
NEUTRON
ENERGY
(MeV)

14 5
13-1
7.6

2.5
2

RESPONSE RATIO
CET-SYSTEM

1.00-0.07
i.oo±o.i5

-

0.98̂ 0.08

-

R /R ^' n gamma
DL-M3(M4)

0.85-0.10>?€

0.95-0.08
0.98-0.08
0.97̂ 0.08

1.08-0.08

7 FISSION, HPRR
REACTOR 0.95-0.08***

8

9

10
11
12

13

FISSION, D20 MODE-
RATED (VINCA RB)
FISSION FROM
TRIGA IRRADIATION
FACILITY
FISSION, THROUGH
20 cm Cu
MONOCHROMATIC
Am-Be SPECTRUM
252Cf SPECTRUM
Be(d,n) FROM
CYCLOTRON (ESSEN)

1.7

1.2

0.35
2.0
4.5
2.5

7

1.04±0.20 1.04-̂ 0.20

0.92̂ 0.10
0.92̂ 0.14
0.96-0.08
0.95-0.12
0.92̂ 0.12

0.89̂ 0.12
*The uncertainty limits given here are combined: random error
and estimated systematic error (both: 95% confidence).
^Several experiments at 30 cm from the target of the neutron

generator gave R /R = 0.85 with the reproducibility of0 ° n gamma
few percent.

xx*At the 20th NAD intercomparison study, ORNL-USA, sept. 1983
according to final reference dose data the response ratio
for recoil dose from unshielded HPRR fission spectrum was
R /R = 0.9765 (mean of phantom and free air measurements).
The total estimated uncertainty would be less than -0.08
(see ORNL REPORT 6164 of April 1985).
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LIST OF LABORATORIES WHERE MOST IMPORTANT TESTING OF THE
PERSONAL DOSIMETER DL-M3(M4) HAS BEEN PERFORMED

The list is given refering to the experiment numbers in the
table showing the response to neutron tissue dose.
Exp. 1: (a) Radiobiological Institute of the TNO, 151 Lange

Kleiweg, 2280 HV Rijswijk, Holand
(b) Dept. of Experimental Physics, Ruder Boskovic

Institute, Zagreb, Yugoslavia
(c) Paterson Labs., Christie Hospital and Holt

Radium Institute, Manchester, U.K.
Exp. 2: Dept. of Experimental Physics, Ruder Boskovic

Institute
Exp. J>: Hammersmith Hospital, The Cyclotron Unit, Ducane

Rd., London W12 OHS, U.K.
Exp. 4: Dept. of Experimental Physics, Ruder Boskovic

Institute
Exp. 5' Reactor TRIGA, Jozef Stefan Institute, Jamova 391

61000 Ljubljana, Yugoslavia
Exp. 6: Central Institute of Physics, 1525 Budapest XII,

Konkoly Thege ut., Hungary
Exp. 7: Institute of Biophysics of the Ministry of Health,

Zhivopissnaja 46, Moskow D-182, USSR
Exp. 8: Reactor RB, Boris Kidric Institute, P.O. Box 522,

Belgrade, Yugoslavia
Exp. 9: Reactor TRIGA, Jozef Stefan Institute, Ljubljana

(see 5)
Exp. 10: AERE Harwell, Environmental and Medical Sei.

Division, Oxfordshire, U.K.
Recent experiments:
Exp. 11: Same address as 10
Exp. 12: Kernforschungs-Zentrum Jülich, Institut für

Chemische Technologie und Institut für Strahlen-
schutz, Jülich, FRG

Exp. 13: Universitätsklinikum der Gesamthochschule Essen,
Institut für Medizinische Strahlenphysik und
Strahlenbiologie, Essen, FRG

These results have been made possible due to the collaboration
of many colleagues from the listed institutions. We gratefully
acknowledge their contributions.

*In addition to this experiment with the Soviet HPRR reactor,
the experiment has been performed with three pulses of
radiation at 3 m distance from the core of the ORNL (USA)
HPRR reactor with the help of Dr. F.N. Flakus, IAEA, Vienna
which we gratefully acknowledge.
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RADIATION PROTECTION DOSEMETER
INTERCOMPARISON PROGRAMME OF THE CEC

II. SEGUIN
Commission of the European Communit ies ,
Luxembourg

Abstract

We review comparative studies on radiation protection dosemeters carried out
since 1964 by the competent national institutes and the Commission of the
European Communities; the results of these studies are illustrated by means
of examples.

Introduction
The Treaty establishing the European Atomic Energy Community devotes an
entire chapter to the health protection of workers and the general public
against the dangers arising from ionizing radiation and states that the
Commission of the European Communities must lay down basic safety standards.

In general the health protection content of Community Directives is based on
internationally acknowledged ICRP recommendations and the parts dealing w i t h
measurement, quantities and units on ICRU reports of the member states.

The standards, principles and methods of radiation protection laid down in
the Community Directives form the basis of national legislation.

The last Directive was issued by the Council of Ministers on 15 July 1980 and
amended on 3 September 1984.

It specifies numerical values for quantities in radiation protection as
values which should be kept on a level as low as reasonably achievable and
below a l i m i t which should not be exceeded. In order to ensure that these
requirements are met, these values must be properly assessed.

With a view to improving the quality of measurement in radiation protection
the Health and Safety Directorate of the Commission of the European
Communities has since 1964 carried out intercomparison studies of radiation
protection dosemeters in close cooperation with the national institutes
responsible. These studies have been restricted until now to dosemeters for
determining external irradiation.
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The aim of these studies is to improve dose evalutation, i.e., to ensure that
assessment of the dose to the persons involved is standard throughout the
European Community. They should also ensure that doses determined by diffe-
rent laboratories in different countries are comparable, that they are made
with the accuracy required for radiation protection and that the measurements
obtained lie w i t h i n an acceptable confidence interval even when different
methods are used.

The Commission regarded this intercompanson as a service provided for the
radiation measurement laboratories in order to help determine the exposure of
radiation workers. It was not the intention of the Commission to ]udge the
participating laboratories, as this could discourage participation precisely
of those laboratories which need most help. Judgement is d i f f i c u l t , because
some institutes regard the intercomparison as a routine test, whereas others
put much more effort into it, than into normal routine evaluation.

The results are distributed to every participant anonymously. Every partici-
pant can recognize only his own results, and ]udge his performance by compa-
rison with the others, but he cannot identify the other participants.
Judgement should be done by the national authorities (a method of quality
assurance).

On demand and by agreement anonymity has been partially dispensed with in
some cases.

The European Intercoaparison programme
This intercomparison programme was devoted not only to integrating personal
dosemeters but also to other instruments used in practical radiation protec-
tion dosimetry.

Generally, primary standard laboratories are involved in order to ensure high
accuracy in the exposures. The programme gives the participants the opportu-
nity for an overall appraisal of the accuracy of dosimetry practice at the
individual laboratory. Where results significantly diverge from the true
values, participants are motivated to re-examine their procedures and
techni ques.

An important factor in this programme is the subsequent information on the
results and the discussion at the information seminar held after every inter-
comparison (Berlin, Berkeley,Grenoble, BiIthoven).(2),(3),(10).
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Sometimes the intercomparison focused on specific parameters e.g. extreme
energy distribution (9 keV to 9 MeV) monoenergetic irradiations (photons and
neutrons, energies difficult to handle, e.g. photon energy of 83 keV, etc.

The EC countries are in a fortunate position in that they have the equipment
to produce nearly all the reference radiation necessary for the calibration
of radiation protection dosemeters, furthermore they have also the installa-
tions to produce radiation for testing instruments under non-normal condi-
tions; e.g. at monochromatic X- and Gamma-rays outside the normal spectra.
The same applies to neutron and beta-radiation.

Tables 1 to 3 give an overview of the different intercomparisons conducted
since 1964 and scheduled for the near future.

Photon dosinetry (table 1)
Table 1 shows in chronological order the tests conducted for photon doseme-
ters.

TABLE 1

YEAR

1964

1968-69
1969

1970-71

1974

1974-75

1975

1976

1977

1981-82

1982

r "~ - - -
RADIATION

Co
tl

X, Co

Mixed X + Co

Co, X

X, Co

Mono energetic
9 keV - 9 Mev

Mono energetic
9 keV - 6 MeV
Co, X, (n)

P H O T O N S
*************

DOSERETERS

Film

"

lonis. chamber
G.M. Counter

Fi Lm, TLD, RPL

TLD

Film, TLD, RPL

all types

all types

Film, TLD

REMARKS

Intercompari son
it

Calibration Workshop:
Braunschwei g

Intercompari son

Workshop : Bologna

Intercompari son

Fontenay-aux-Roses

Berlin Seminar

Fontenay-aux-Roses

Intercompari s on
2 )Bi Ithoven Seminar

1) Publication Doc. N° 1623/77
2) " EUR 9192
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The intercomparison programme began with photon dosimetry. Integrating dose-
meters were sent by the reading centres to certain institutes for irradia-
tion; after processing the participants received the real irradiation data.
While i n i t i a l l y only films (1) were studied (1964), TLD's made up approxi-
mately half the dosemeters examined in the studies carried out in 1974-75
and in 1981-82, the findings of which were discussed in 1976 (2) and 1982 (3)
respect ively.

The results show that the requirements which must be met in dosemeter read-
ing, were indeed met by almost all the participants. During the subsequent
discussions regret was expressed that there were no standards specifying the
requirements to be met by dosemeters and processors. There was also no
international consistency in the quantity used and the doses measured were
expressed in various quantities despite of the requirement laid down in
advance that the energy dose in water should be stated.

Table 1 also indicates the different workshops and the tests executed.

In 1969 instruments which could be used as references were calibrated in a
primary standard laboratory. In 1970-71 there followed an intercomparison
with mixed radiations.

A test in special radiation fields, was started in 1974, with TL dosemeters
and-read out instruments. Each participant brought his own instruments, the
irradiations were carried out under identical conditions and each participant
then processed the dosemeters using his own methods and instruments. This
made it possible to exchange practical experience which cannot be conveyed by
word of mouth or in writing.

This test (Fig.1) confirmed the stated accuracy of TLD's and showed, that
these dosemeters are over—sensitive at lower energies.

In 1975 and 1977 various tests were run on both integrating and direct rea-
ding dosemeters using monochromatic photon radiation . Considerable diffe-
rences in dosemeter readings between monochromatic radiation and filtered
radiation were found in the 100 keV range . The dosemeters were also tested
at low energies of 9 keV to 300 keV and at high energies of 6 MeV and 9 MeV
(4). Although good agreement was obtained at the reference energy, greater
divergencies were found at these high and low energies (see Fig.2).
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0.6

0.4

Fig. 1.

Response of TLD
• filtered X-rays
— monochromatic X-rays

10 .

X)
Fig. 2.
Histogram of the results for Co
9 MeV and 10 keV photon radiation.

The irradiation Laboratories and the conditions of the test conducted in
1981-82 are given in Fig.3. Fig.4 gives a comparison of the results for film
and TLD's , estimates of the mean systematic error and the mean random uncer-
tainty are also given.

Neutron dosi»etry (Table 2)
The first two intercomparison studies (4) were conducted in 1970 and 1971
(Fig.5). Mainly track films were used. They were exposed free in air and on a
phantom under defined geometrical conditions to 4 monoenergetic neutron
fields of energies ranging from about 0.5 MeV to 15 MeV. In addition an AmBe-
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TABLE 2 N E U T R O N S
***************

T
YEAR RADIATION

1970

1971

1977

1977

1979

1982

n ,-H MeV, nth source

Mono energetic
20 keV - 20 MeV

,tn MeV

DOSEHETERS

Nuclear emulsion

+ albedo

Intégrât, dosemeter
rem counter albedo

Bonner sphere

Nuclear emulsion
albedo ... etc.

REMARKS

Intercompari son

Workshop: Braunschweig

Berkeley Seminar

Intercompari son

-i.i .

o-t

1. 5 Am - 8« 13 MeV

Fig. 5.
Neutron intercomparison 1971

source was used. Exposure was monitored by means of a De Pangher Precision
Long Counter. The results showed some unexplainable energy dependency of the
film response and also clearly demonstrated that the effective threshold for
the film was about 0.7 MeV. The spread of the results was considerable and
led to decision to stimulate research with a view to developing new dosimetry
systems and improving neutron calibration procedures.
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A third intercomparison was organized in 1977. Fig.6 shows the number of
participants and types of detectors used. Again, monoenergetic fields were
used as well as neutrons from an Am-Be and a Cf-252 source. The results of
the nuclear emulsions of the 1971 and 1977 programme are compared in Fig.7.
In this field nothing has changed; good results are obtained only at energies
near the calibration energies (5), (6), (7), (8).
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Fig. 6. Number of participants and types of detectors used.
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Fig 7. Results of nuclear emulsions of 1971 and 1977.
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At lower energies newly developed systems which are becoming increasing popu-
lar, such as albedo and track etch detectors, seem to be superior to the
nuclear emulsions still in widespread use.

The reference quantity was kerma in soft tissue. This was converted to
neutron fluence and then to dose equivalent using the ICRP conversion
factors.

In 1977 again, a large number of integrating and direct reading dosemeters
were tested with neutron radiation of various energies ranging from thermal
neutrons up to 20 MeV.

The various types of "rem counters" (Fig.8) are the area monitors most fre-
quently used in radiation work. If calibrated with fast neutrons in the range
of, say, 1 to 5 MeV, they all show an over-response by a factor of the order
of 5 in the intermediate neutron energy range, whereas the response at higher
neutron energies, e.g. at 15.5 MeV, is a consequence of the limited sizes of
the moderators used with the instruments.
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Fig. 8. Response of "rem counters".

Surprisingly, the response of moderator spheres (Fig.9) does not show such a
pronounced increase in the intermediate neutron energy range.

The results obtained with personal dosemeters reflect the fact that there are
no systems suitable for the entire energy range from thermal to fast.
However, if any information is available on the spectral neutron flux density
distribution for which individual doses are to be monitored, then the
uncertainty in the interpretation of readings may be reduced.
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Fig. 9. Response of "moderator spheres".

The results are already discussed in the paper "New Personel Dosimeter Per-
formance Test Programmes in the US" by L. S. SIMS.
In 1982, an intercomparison programme was conducted with the participation of
European and American institutes. Monoenergetic neutrons as well as neutrons
from different neutron sources with different spectra were used. Albedo dose-
meters, when calibrated in a spectrum corresponding to that of the measu-
rement, give acceptable results (9).

Beta dosinetry (Table 3)
The first intercomparison of beta dosemeters took place, in 1979. The number
of participants was restricted to 12. These 12 participants sent 19 different
systems to the irradiation laboratories.

TABLE 3 B E T A S
*********

YEAR

1979

1980

1985-86

RADIATION

0.19, 0.68, 2.1 MeV
max. energy

Mixed energies
planned

DOSEHETERS

TLD, F i l m

REMARKS

Intercompari son

Grenoble Seminar
(public. EUR 7365)

Intercompan'son

The reference quantity was the absorbed dose to tissue on the surface of a
semi-infinitely extended soft-tissue equivalent body with a density of
1 gem" behind 7 mgcm or the absorbed dose determined on tissue layers bet-
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ween 50 um and 100 um. The factors for conversion between these two quanti-
ties were stated. The results were discussed at the 3rd Information Seminar
with the participants (10).

In this intercomparison, the irradiations were carried out by using the first
ser;

204,
90 90series of beta reference radiation as specified by ISO, e.g. Sr an Y,

Tl and Pm (Fig.10).
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Fig. 10.

Energies of the beta radiations
used in the intercomparison.

Only TLD 's w i th a very thin cover were irradiated wi th Pm. This was the f i rs t

time we had this type of intercomparison, so we gave some more information to

the part icipants. They knew the energy and the dose range; furthermore we

provi- ded two dosemeters w i th the true dose indicated. This enabled

part icipants, wh i ch had not yet their own cal ibrat ion f ac i l i t y to take part.
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Fig 11.

Overall means.

This information made it easier for the participants to evaluate the doses.
In the next intercomparison scheduled for 1986 this information w i l l not be
given. The results look very tidy but without the above-mentioned in-
formation they would have been a lot worse (see Fig.11).
The results were discussed at an Information Seminar (10).
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Conclusions

In the comparisons carried out the reference values varied from study to
study even with the same radiation qualities. This showed the problems
involved in deciding on standard quantities.

Now that ICRU 39 has been published, the problem of quantities in radiation
protection should finally be solved.

Nevertheless comparisons of this type w i l l continue to be necessary in
future. They provide a service to the measurement laboratories and help to
determine the true exposure of workers and the public and to standardize the
measured values.

They w i l l certainly provide welcome assistance wit h the change-over to the
SI units; this assistance w i l l be even more urgently needed with the new
quantities introduced in radiation protection.
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PERSONNEL MONITORING AT CERN
EXPERIENCE AND FUTURE OUTLOOK

M.HÖFERT
European Organization for Nuclear Research (CERN),
Geneva

Abstract
There are several leasons why personnel dosemeters at (CRN are

more i m p o r t a n t for their monitoring than for their dosimetric c a p a -
bilities. In spite of the fact that personnel doses have decreased
c o n s i d e r a b l y o v e r the y e a r s , i n d i v i d u a l monitoring for a large numbei
of people is e s s e n t i a l . In addition, it is necessary to u n d e r s t a n d
f u l l y the response of the d e t e c t o r s used for the various t y p e s of
l a d i a t i o n e n c o u n t e i e d at C E R N . To this end the Personnel Dosimetry
S e c t i o n p a r t i c i p a t e s in routine performance tests of personnel dose-
meters, as well as in new calibration procedures, also in view of thp
i n t r o d u c t i o n of new q u a n t i t i e s for the assessment of risks f r o m
e x t e r n a l r a d i a t i o n . Both past experience with the film dosemeters
c u r r e n t l y used and new approaches in personnel monitoring are
des cri bed .

1. INTRODUCTION

Personnel monitoring at the European Laboratory for Particle
Physics (CERN) can look back on more than 25 years of experience It
is still based on films where, for gamma and beta dosimetry, the Kodak
RM type 2 film is used, while hadron monitoring is performed by mean.5
of the Kodak NTA nuclear emulsion. The population covered fluctuates
strongly and is of the order of 5000 people, but only about 3000 carry
the hadron detector in addition to the photon dosemeter.

It will be shown in the following that personnel monitoring based
on photographic and nuclear emulsions is sufficient in radiation
situations around proton accelerators during operation as well as
during shut-downs and maintenance periods. In one case potential risks
range from high-energy hadronic stray fields to low-energy scattered
neutrons; in the other photons, and particularly beta-plus emitters,
will give rise to personnel exposures.

2. PERSONNEL DOSES

In Tables 1 to 3 the development of personnel doses at CERN over
the last 6 years is illustrated. The percentages of CERN staff,
including visiting scientists and outside contractors, in different
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Percentage of CERN staff in different dose categories

Year

1979
1980

< 2 mSv

92.5
93.9

1981 j 94.6
1982 : 95.7

I
1983 96.1
1984 96.4

2 mSv < 5 tnSv

5 1

5 mSv < 15 mSv

2.4
3 9 2.2
3.6
2 9
2 5
2.4

> 15 mSv

0.1
0.1

1.8 0
1 .4 0
1 .4
1.2

<0. 1
0

Table 2

Percentage of contractors staff in different dose categories

Year

1979
1980
1981
1982
1983
1984

< 2 aiSv

87. 1
88.8
93 0
90.6
92 3
94.3

2 mSv <; 5 mSv

9.2

5 mSv < 15 mSv

3.5
8.5 ' 2.7
4.7 2.3
7.0
4.8
3.7

> 15 mSv

0.2
0. 1
0

2.4 0
2.9
2.0

0
0

Table 3

Distribution of annual collective doses in mSv to CERN personne]
and outside contractors from 1979 to 1984

Year

1979
1980
1981
1982
1983
1984

Percentage
of popula-
tion with
zero dose

43.5
41 .4
49.8
62.9
71.6
69.4

Collective Joses (raSv) in different dose categories
0-1

729
794
629
515
369
450

>1-2

312
400
229
261
188
185

>2-5

770
855
622
596
484
451

>5-10

785
674
537
508
490
410

>10-15

633
246
137
74

136
99

>15-20

268
16
-
-
17
-

>20-25

121
22
-
-
-
-

>25-30

20
-
-

' -
-
-

>35

26
-
-
-
-
-

Total
- in

mSv *

36C4
3007
2154
1954
1684
1595

Normalized to 5000 persons.
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dose categories show a clear trend towards lower doses. Although it
may seem that contractors' staff is exposed to higher levels than the
CERN staff, the figures reflect only the fact that the former are
mostly employed temporarily, specifically during maintenance periods,
while exposures for the latter category are greatly biased by the many
physicists working in experimental areas and receiving essentially
zero dose.

The population with zero dose has increased over the last six
years from 40\ to about 70\, as shown in Table 3. Trivial doses of up
to 1 mSv per year are currently received by an additional 20% of the
monitored persons. The total collective dose is down by more than a
factor of two during the same period, with the average dose decreasing
from 0.7 to 0.3 mSv in a year,

It is quite obvious that the monitored population can be divided
into two classes, i.e. those 90'. who carry their dosemeters a3 a
monitor, and the rest where individual dosimetry is required as those
persons are actively engaged in radiation work in areas of induced
radioactivity. But even in this latter category the average annual
dose is only 1.7 raSv, hence far from the figure of 5 mSv stipulated by
ICRP as an exposure giving rise to a professional risk comparable to
the one in safe industries.

The reasons for the downward trend in personnel exposures are
multiple One obvious factor is the shift to experimental work from
nxe.d target to collider physics and the definitive stop of a numbc-r
of "dose intensive" installations. But a good part of the positive
development is due to the introduction of a guideline, i.e. an annual
reference dose of 15 mSv at CERN, which forced the highly exposed
groups to make better planning of new radiation areas and to improve
their work practices in old installations.

The suppression of individual monitoring will however not be the
consequence of this downward trend in personnel exposure. At CERN a
great importance is attached to the freedon of movement of
individually monitored personnel in controlled radiation areas. These
areas comprise vast experimental halls and underground caves, as well
as the accelerator tunnels during shutdowns. Strict access control is
only exercised in areas of high radioactivity like target regions.
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Hence, it is necessary to prove to staff and outside contractors (by
individual monitoring) that their personal exposures are kept low. At
the same time, individual monitoring ensures that high protection
standards are kept and, as an additional feature, provides evidence of
personnel dose records in cases of compensation claims or litigation
by individuals.

In order to reconcile the situation of low personnel exposures
with the need for as wide a coverage with personnel dosemeters as
deemed necessary, it was decided to increase the wearing period of the
monitor for most of the CERN staff to two months. Only for technical
reasons, as will be explained below, is it at present impossible to
convert to a quarterly distribution of films.

1. PERSONNEL MONITORING FOR HADRONS

The radiation stray field outside the main shielding of the
accelerators during operation is composed of hadrons up to the primary
energy or several GeV. At those energies reaction cross-sectjons for
protons, neutrons, and pions, i e. strong interacting particles (or
hadronsj become similar The dosimetry to be performed is one in a
mixed high-energy radiation field, while the classical energy range of
rast neutrons extends to about 14 MeV [1], It is absolutely essential
that the response of detectors used in personnel monitoring is checked
in these fields [2]. A classical neutron calibration with source
neutrons is clearly not sufficient. In Fig. 1 the number of tracks in
the NTA emulsion per mSv and mm is plotted as a function or neutron
energy [2]. This energy dependence of the dose equivalent response in
the range of interest is one of the drawbacks of the nuclear emulsion,
the fading of latent tracks being the other well known disadvantage.

In performing a track length analysis the energy dependence ot
the response can be compensated for as is shown in Fig. 2, where the
mean projected track length in gm for an isotropic irradiation is
plotted as a function of neutron energy.

Fading can be overcome to a great extent by sealing the neutron
film under dry nitrogen. In Fig. 3 the nearly perfect behaviour of the
sealing technique used by NRPB with respect to the fading of tracks
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Fig. 1: Number of tracks per mSv and mm
irradiated inside the CERN badge as a
energy.
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for the NTA e m u l s i o n
func t i on of neu t ron
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Neutron energy m MeV
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Fig. 2: Mean projected track length in um in the NTA emulsion for an
Isotropie irradiation as a function of neutron energy in MeV.
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Tracks per min2 and mSv

Pu-Be source neutrons

t in month

Fig 3 Fading behaviour for latent tracks induced by Pu-Be source
neutrons in the NTA emulsion as a function of time for
sealing techniques used by NRPB, CERN and CEA

50

CO

30

20
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Tracks per mm2 and mSv

Emulsion sealed by NRPB

55
Polvoroll

t in month

Fig 4 Fading behav iour for l a ten t t racks induced by h igh -ene rgy
hadrons in the NTA emuls ion as a func t ion of t ime for the
sealing technique used by N R P B The i n f l u e n c e of d i f f e r e n t
developers is likewise shown

f r o m Pu-Be source neu t rons is shown compared to those of CERN ( sea l ing
under dry a i r ) and CEA (sealing under ni t rogen) [4 ] . The situation in
the case of thin long tracks f r o m h igh-energy hadrons, however , is
less f a v o u r a b l e , as i l lustrated in Fig. 4, where the inf luence of
d i f f e r e n t developers on the fading behaviour is likewise i l lustrated
[ 5 ] . In view of the low-hadron exposures experienced around CERN the
decision to change to a two-monthly distr ibution is nevertheless
j u s t i f i e d , as for the few tracks general ly encountered in routine the
conservat ive conversion of tracks into mSv based on the Pu-Be
ca l ibra t ion is e m p l o y e d , thus compensating for possible f a d i n g . In
case of a substant ia l hadron exposure (on the average once every other
m o n t h ) , the resul t of the neutron f i l m is used as an estimator and
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wil l be backed up by a track-length analysis as well as an in-
vest igat ion into the circumstances of the irradiation in order to

determine the personnel dose

A q u a r t e r l y d i s t r i b u t i o n or personnel monitors wil l on ly be
poss ible when the NTA f i l m can be replaced by another hadron detector

wi th essen t :a l ly no l a d i n g . Some hope was placed in L R 1 1 5 , a red-dyed

cel lulose n i t ra te wi th 14 |jm thickness on a transparent plastic base.
In Tab le 4 the basic character is t ics of this nuclear track detector
are compared to those of the NTA f i l m [6] . As an advantage the f o r m e r
shows pract ical ly no fading but this is o f f s e t by its lower
sensit ivi ty to s t ray hadrons . Comparing standard scannable f ie ld s izes
for both detectors resul t in a much h igher stochastic unce r t a in ty tor
the L R 1 1 5 . But even if the f ie ld in the case of the plastic is
increased by a fac tor of f ive ( 7 . 2 cm !) the standard deviation of the
reading in percent as a func t ion of dose equivalent is pract ica l ly
unchanged, as is shown in Fig. 5. The reason for the poor behaviour ot
L R 1 1 5 is the ra the r high background, caused by radon or mechanical
defec ts , wi th i ts great uncer ta in ty .

Basic character is t ics of nuclear t rack detectors

LR115 NTA f i l m

Fluence to dose equivalent
conversion f ac to r for 3 .4 x
Pu-Be neutrons in
cm Sv i

Fluence to dose equiva len t
conversion fac tor in a 1 4 x 10'
stray hadron f i e ld in
cm Sv

Standard f i e l d size read 1 . 4 4
in cm

Holes or tracks per mSv
and standard f i e ld in a 20
stray hadron f ie ld

Expe r imen ta l l y de termined
backgrounds in holes or 11 6 ± 5.2
tracks per standard f i e ld
and its uncer ta in ty

2.0 x 10

3 5 x 10"

-38 . 7 5 x 10

31

1.06 + 0 87
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400

10

Fig 5

Standard deviat ion in percent as
function of dose equivalent in
high energy s t ray fields

LR 115 1U cm2

LR 115 72 cm2

—— NTA 0 875 cm2 10% fading

Dose equivalent in mSv

Standard deviation for a personnel dose reading in percent as
a function of dose equivalent for the LR115 and the NTA film
as determined for an irradiation in a hadron stray field

Experiments with CR39 so far have confirmed the poor reprodu-
cibility found by other investigators, while some irradiations in
hadron stray fields of Macrofol, another polycarbonate, have shown
some promising results and will continue in 1985.

4. PERSONNEL MONITORING FOR PHOTONS, BETA RADIATION,
THERMAL NEUTRONS AND MUONS

The double-coated gamma film within the CERN fil« badge allows
the detection of photons, beta radiation, thermal neutrons and muons.
The problem when using films as personnel monitors is the conversion
of the optical density pattern behind the different filters
(incorporated in the badge) into personnel dose. The filter
combination of the CERN film-badge is given in Table 5

In the case of photons the general approach is to calibrate
personnel dosemeters in exposure free in air and subsequently to
interpret the recorded signal as such, although the detector is worn
in routine on the body of a person. Such a practice is followed at
CERN in the case of films exposed to X-rays (i.e. those which have
been carried by mistake during X-ray examination), but it was
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Table S

Filter combination in the CERN film-badge

1)
2)
3)
4)
5)
6)
7)

Plastic
Plastic

280 mg/cm
2and aluminium 89 mg/cm

Open window
Tin 1070 2mg/cm
Lead 1260 mg/cm
Cadmium
Plastic

1 1 50 mg/cm
355 »g/cm

considered necessary to perform field calibrations in the stray fields
from induced radioactivity encountered at CERN A typical photon
spectrum is shown in Fig b

Film-badges were tixed on a tissue-equivalent phantom and exposed
free in air to a dose ot 4 mSv in such stray fields The results are
ohown in Table 6 [7]. The accumulated value on the quartz-fibre
dosemetpr corresponds to the dose equivalent on the surface of the
body and is considered as the personnel exposure ot the person Based
on those results the optical densities behind the various filters were
transformed into doses The algorithm employed is considered to be
valid tor most exposure conditions at CERN In analysing closer the
results in Table 5, it is noticed that an increase in dose of about
10\ due to backscatter is experienced at the surface of the phantom
for a Cs beam In the case of the other five routine radiation
situations, dose values are influenced both by backscatter and by the
shielding effect of the phantom for radiation impinging on the back.
Generally, it seems that the two effects cancel each other out, except
for experiment 5, where radiation from positron emitters increases the
recorded dose considerably in the presence of the phantom

The occurrence of beta radiation is checked by comparing the
optical densities behind the two thin filters of plastic and aluminium
(see Table 5) If such a test is positive the blackening behind the
open window is considered and transformed into beta dose, taking an
energy correction into consideration. Recent results on beta doses for
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Results of dose measurements on the front face of a phantom
of elliptical cross-section in a Cs photon beam

and stray radiation fields from induced radioactivity

Experiment

Dose in mSv *

Accumulated on
q u a r t z - f i b r e
dosemeters

Evaluated f r o m
f i lm-badge
reading

1 Ca l ib r a t i on with Cs on the phantom
at a distance of 2 m ,

2 Sep tum tank in the slow eject ion line
62 of the 24 GeV Proton Synchrot ron
( P S ) at a distance of 70 cm

3 Tank of the 600 MeV Synchrocyclotron
at a dis tance of 2 m in the accele-
rator hall

4 Collimator in the tunnel of the
450 GeV Super Proton-Synchrotron
( S P S ) at a distance of 3 m

5 Septum of eject ion 16 placed for
radioactive cooling in a shielded
posit ion at a distance of 1 m

b Target region of the antiproton
accumula to r at a d is tance of 3 m

7 As exper iment 4

4 . 3 1

3 66

3 63

4 15

5. 17

3 94

4 . 0 3

4 34

3 87

3 57

4 04

5 . 4 5

3 96

3 76

* All exper imen t s are normalized to a "photon dose equivalent" f r e e in air
of 4 mSv m a k i n g use of the relation 100 mR = 1 aSv.

persons engaged in the a s sembly of a uranium calorimeter have
con f i rmed the method

Thermal neutrons can be assessed by using the filter d i f f e r e n c e
method , i . e . comparing the blackening behind a cadmium f i l t e r wi th the
optical density behind a tin f i l ter having about the same atomic
number and thickness. A detailed investigation recently pe r fo rmed has
shown that thermal neutron doses can be determined with suf f ic ien t
accuracy in the presence of an additional photon irradiation [8]. In
pract ice the rmal neu t rons do not , however , create a radiation risk at
CERN.
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Muons cause a blackening of the gamma film which is about twenty
percent lower than what would be expected from an irradiation with
1 37

Cs for the same dose equivalent. These data measured at CERN are in
line with similar observations made for TLD chips and are explained by
the so-called density effect in the stopping power for relativistic
particles [9]. In practice such an underestimation has no importance
since muons, generally in the form ot rather narrow beams, play only a
limited rôle as a possible source of personnel exposure. In such a
case the optical density caused in the film is interpreted as a dose
from a hard photon irradiation

5 INTERCOMPARISONS AND PERFORMANCE TESTS

Occasional intercomparisons in the field of personnel neutron
dosimetry were performed in the framework of the European Community
and the Health Physics Research Reactor facility in Oak Ridge [10,11]
The results of these activities show the usual deficiencies ot the NTA
film, but the spectral regions covered are not relevant for the hadron
energies around CERN.

Regular programmes (once a year) of performance tests are orga-
nized by the Group of Experts on Personnel Dosimetry in Switzerland
and by the Physikalisch Technische Bundesanstalt in Germany in which
the CERN Personal Dosimetry Section participates. The PTB programme
consists in irradiating annually 30 dosemeters with X-rays from 30 keV

s oto Co energies and doses from 0.5 to 800 mSv photon dose equivalent,
i e exposure free in air. During the first year of participation the
exposed films were used to improve the algorithm of transformation
from optical density into photon dose equivalent. Since the data of
subsequent years are too voluminous, the global behaviour of the CERN
film badge system is characterized by the mean standard deviation over
all measurements of a series as presented in Table 7.

It should be mentioned that the CERN badge was developed for the
particular radiation situations around proton accelerators and that
due to the absence of copper filters the device is handicapped with
respect to a standard photon badge, (e.g the one used in the Federal
Republic of Germany) for the dosimetry of low-energy X-rays.
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Overall results of the annual performance test
as organized by the PTB

in the case of the CERN personnel doseneter

Year

1982
1982**

1983
1983**

1984
1984**

Number of
dosemeters

N

30
,27

30
27

30
27

Mean value of
the ratios

HCERN/HPTB

0.960
0.965

1. 1 5 1
1 .093

1.018
1.003

Standard deviation
of N dosemeters

in \

23.6
12.2

21.9
15 8

25.6
10.0

Results outside
the required
accuracy*

3
-

3
-

3

* The tolerated ratio H„__„/Hn_n lies between 0.7 and 1.5 for doses aboveLLKN r IB
10 mSv, between 0.5 and 1.7 for doses above 1 aSv, but smaller than
10 mSv and between 0 and 2 for doses of 0.2 «Sv following DIN 6816.

** These figures do not take into account the three results outside the
required accuracy.

Experience helps, however, and with time not only radiation types but
also conditions of double exposures with two photon energies or
oblique radiation incidence are recognized. In a radiation environment
like CERN the quality of the film as a permanently recorded picture of
the actual exposure is highly appreciated and has often helped to
elucidate a doubtful exposure which was subsequently not entered in
the personal record of the wearer.

In Table 8 the results of the two recent intercomparisons in tue
framework of the Group of Experts in Personnel Dosimetry in
Switzerland are given.

In the case of the film dosemeter an intrinsic uncertainty of
about 0.1 mSv for lower doses has to be assumed, hence all doses in
routine are rounded off to the nearest digit. If a reference dose is
administered more precisely, uncertainties due to rounding off are
introduced.
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:ERN resu l t s of the 8th and 9th Intercomparison
o rgan i zed by the G r o u p of Exper t s

in P e r s o n n e l D o s i m e t r y in Swi tzer land

Irradiation
condition.

Free in air

On a plexiglass
phantom with ref dose
in 1 cm depth of the
phantom

On a plexiglass
phantom with réf. dose
in 13 mm depths of the
phantom

Photon
energy

1 3 7Cs

1 3 7CS

Reference
dose

791 raR

CERN
result*
(mR)

810

Difference
between CERN
result and
ref . dose

+ 2.4%

791 mrad 825 +4.3%
I

G°Co 48.2 mrem
colli- i 775 mrem
mated 24300 mrem

50 ; + 3.7%
790

26000
+ 1.9%
+ 7 0%

For these i n t e r c o m p a r i s o n s a l l values were repor ted in exposure f r e e
ir. air in the old uni t " r o e n t g e n " . On 1 January 1984 CERN introduced
the SI sys tem in r a d i a t i o n protect ion. S u b s e q u e n t l y , personnel doses
are now quoted in "sieverts" making use of the relation 100 mR =
1 m S v .

A f u n d a m e n t a l cause of er ror could be the d i f f e r e n c e s in the
o u t p u t s of the sources used for ca l ib ra t ion . It is also important to
know whe the r sources are used f r e e in air (wi th possible contributions
to the dose f r o m l o w - e n e r g y scattered photons) or rather as a beam
f o r m e d by sui table co l l imators . The cal ibrat ion standard at C E R N is a

Cs source w h i c h was compared to the PTB source via a secondary
t r a n s f e r c h a m b e r . The ou tpu t known is assumed to be wi th in ±3V
R e g a r d i n g the resu l t s in Table 8 one can notice that the r e f e r ence
doses employed and the results reported are in very good agreement
taking only the known r o u n d i n g - o f f e r rors and source uncer ta in t ies
into account , wi th the exception of the highest dose. In this case it
became necessary to peel off the fast emuls ion in order to de te rmine
the dose , a process that wil l contribute to the uncertainties of the
f i l m r e su l t .

As has been mentioned above, results of dosemeters which
a p p a r e n t l y are not exposed in the stray f i e lds f r o m induced radio-
act ivi ty at C E R N are in te rpre ted in exposure f r e e in a i r . This is true
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tor the unknown irradiation conditions given in Table 8, but the
quantities of absorbed dose in a plexiglass phantom at two different
depths turn out to be numerically close to the value of the exposure
The presence of a softer photon component in the first experiment due
the backscatter from the phantom was noted and actually led to a
slightly higher valu^ of the reported dose

It is an unsatisfactory approach to evaluate routine doses as ex-
posure measured on the .surface of the body, while considering irradia
tions from X-rays as exposure tree in air. The present practice should
be changed in line with the new recommendations in ICRU 39 [12]

b FUTURE DEVELOPMENTS

It has already been mentioned that a successtul search for a
suitable hctdron detector in order to replace the NTA film would 1 ̂ ad
to a quarterly distribution ot dosemeters for most of the CERN staff

In the field of photon dosimetry the film has known disadvantages
but also advantages There is no urgent need at CERN to change over to
a TLD system, particularly when the financial efforts of the
Organization are directed towards the construction of the Large
Electron Positron Collider LEP. The gamma film will serve its purpose
also in the future and can be calibrated in any dosimetric quantity in
personnel monitoring. Such a physical quantity is however not yet
defined in spite of the recent publication of ICRU 39.

The Individual Dose Equivalent, Penetrating, Hp(d) is defined as
the dose equivalent in soft tissue below a specified point of the

body at a depth d, ' where the recommended depth is 10 mm The
calibration of the dosemeters is done under simplified conventional

conditions at the depth d in an appropriate phantom." The quantity in
which dosemeters are to be calibrated is not explicitly mentioned but
the mention of the ICRU sphere being a suitable phantom has led to the
opinion that Directional Dose Equivalent H'(10) as defined in the
sphere could be used for calibration purposes [13]. There are a number
of reasons why the ICRU sphere may not be a suitable phantom and
indeed both an American standard and a Swiss proposal contain a
parallelepiped made of plexiglass which, for lack of tissue
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equivalence, may not be acceptable either [14,15]. It was shown that
H'(10) can still be used, although the shape of the phantom may be
different from a sphere [16] Another proposal shows that a dosemeter
could be calibrated in H'(10) without a phantom by simply shielding
'hi- detector worn on the body against the influence of backscatter
['7j Ar. can be seen, the discussion has only ]ust started and
app it ̂ ".t i y no re practical data are needed

CERN participates, together with other dosemeter services, in the
Working Group on External Radiation of the Swiss-German Fachvorband

t
fur Strahlenschutz in an irradiation programme organized by the PTB,
wnere various exposure conditions and phantoms are employed. The
results of these investigations will be available this autumn.

At CERN the influence of the phantom using a 30 cm diameter
sphere and a phantom with an elliptical cross-section made or a
tissue-equ-ivalent plastic PEAR, as well as a phantom filled with water
during the calibration, is presently under study [18].

The ultimate aim of all these investigations is the establishment
of the Individual Dose Equivalent, Penetrating Hp(10) which under some
irradiation conditions may numerically be quite different from the
personnel dose quoted so far. For strongly penetrating radiation like
the one at CERN, the difference is only 10\, but may be more in cases
where soft X rays are involved. Hence, Individual Dose Equivalent
Superficial H (0.07) may become an important dosimetric quantity in
the future.

Nothing has been said so far about Effective Dose Equivalent H_
Lé

as defined by ICRP as the risk quantity for the individual being
exposed to radiation. It is clear that Hp(10) can only be considered
as an estimator of H . Such an estimation would be acceptable if the
dosemeter is worn on the surface of the body at a place representative
for the exposure of the person. This assumption will always be
considered to be correct in cases where individual dose equivalents
stay below defined intervention levels. Only if such levels are
exceeded may other estimators, usually drawn from the reconstruction
of the irradiation conditions, be needed in order to establish H to a

Cf

sufficient degree of confidence.
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7 CONCLUSIONS

Owing to the dramatic decrease of personnel doses at CERN over
the last years, the monitoring aspects of an individual detector have
become more important than its dosimetric qualities In the case of
hadrons the latter practically do not exist. Hence great emphasis has
alw<tys been given to a proper shielding of hadron sources, a practice
that 13 beneficial also in view of the exposure of the CERN site and
:ts population to skyshine neutrons.

The gamma film has in the past well fulfilled both its monitoring
and dosimetric tasks and should be capable of doing so also with the
advent of Tiew internationally accepted radiological quantities as well
as with respect to future radiation types at CERN like synchrotron
radiation, bremsstrahlung and X-rays from klystrons and high-trequency
cavities occurring during the operation of LEP.
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COMPARISON OF SOME TLDs FOR
LOW DOSE CLINICAL MEASUREMENTS

M. RANOGAJEC-KOMOR, B. VEKIC, I. DVORNIK
"Ruder Boskovic" Institute,
Zagreb, Yugoslavia

Abstract

The TL characteristics as sensitivity, reprodu-
cibility, fading, light sensitivity etc. of different
TLDs were investigated in order to compare their
suitability for low dose measurements. The TL respon-
ses of some TLDs were calibrated against the radia-
tion of the radionuclides most frequently used in
nuclear medicine. Some results of comparison of
routine personnel dosimetry measurements in medicine
are reported.

INTRODUCTION

In the last decades the application of thermo-
luminescence to ionizing radiation dosimetry have ex-
panded rapidly. There is no doubt that thermolumine-
scence now occupies a central and constantly expanding
role in personnel monitoring and environmental radia-
tion dosimetry as well as in ionizing radiation dosi-
metry in the fields of clinical radiation therapy and
diagnostics. The commercial development of an extended
variety of solid TLDs and TL readers have greatly in-
fluenced the acceptance of TLDs in the clinical en-
vironment. According to literature [l, ?] TLDs can
routinely yield the precision of ~5% (given as stan-
dard deviation). The precision of TL dosimetry depends
on many technical details and also on the dose level.

In the routine environmental and personnel mo-
nitoring very low doses are expected and the precision
of the measurements at low doses is lower. In the most
cases the fading, light induced fading and other TL
characteristics influencing the precision and accuracy
are investigated at higher dose levels. Our aim in
this work was to study some of the properties of dif-
ferent TLDs especially in the low dose range. Our in-
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vestigation was also motivated by the fact that it is
difficult to compare the literature data, "because
procedures of TLD evaluation are not exactly compar-
able. We measured different dosimeters under the
same conditions in a set of measurements.

One standard test programme in the low dose
range has been described by Piesch and Burgkhardt [?].
In Hungary [4] the standard for TL measurements was
developed. On the other hand in Yugoslavia there
exists no programme for standardization and intercom-
parison of TL measurements. The lack of such a prog-
ramme influences disadvantageously the quality of the
personnel dosimetry measurements.

The rapid and qualitative development of new
home made TL dosimeters [5 - 9 j and readers [lo - 11]
as well as the wide range of applications of TLDs[l2 -
22 ] are also the motives for the" organisation of
intercomparison measurements in Yugoslavia.

The use of radiation sources in clinical prac-
tice is constantly growing so that there is an ever-
increasing need for dosimetry. The collective dose
resulting from medical exposure has been estimated
to represent the largest single man-made contribu-
tion to the dose commitment to the population I.23J.
At Annual Meetings of the Yugoslav Health Physics
Society several papers usually deal with the prob-
lem of systematic growth of irradiation of the po-
pulation in X-ray diagnostic and nuclear medicine
treatments flo, 17, 24-, 25_1. This situation justi-
fies detailed measurements of the occupational dose
of medical staff and of the dose and dose distribu-
tion to the patient at different medical treatments.
We have performed such measurements with home-made
dosimeters. In this paper we report the characte-
rization and comparison of different TLDs.
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CHARACTERISTICS OF DIFFERENT TLDs FOR LOW DOSE
MEASUREMENTS

The investigated TLD chips and discs are listed
in Table I. In some measurements the TLDs were an-
nealed after TL measurements and before the irradia-
tion; the preheating and reading time and temperature
were chosen according to the data in Table I. The

Table I

Parameters of evaluation of the investigated
TL dosimeters

Annealing Temp.(°C) and time(a)
Dosimeter Origin tgmp. and time of heating cycle(min) preheat

readout
temp,
(Öc5

LiF:Mg,Ti
(LiFp)

LiF-teflon
(LiFe)

(MgB407)

CaS04:Dy
(CaS04)

CaP2:rin

Inst.of Nucl.
Phys. Krakow, PL

Pitman Instr.
Weybridge , GB

Inst. Boris Kidiic
Belgrade, YU

Inst. Boris Kidric
Belgrade, YU

Inst.Jozef ätefan
Ljubljana, YU

100°-iao' 240°-16'

300°- 60' 140°-16»

300°- 10' 14O°-10'
260°-18'

300°- 60' 1?0°-15'
315°-18'

300°- 30' 160°-10«
330°-18»

reading was carried out by TOLEDO 65^ (Pitman Instru-
ments) reader. TLDs were always encapsulated so as
to improve the electronic equilibrium.

In some experiments the circumstances and read-
ing parameters were different from those given in the
Table I, as given in the text.

Sensitivity and reproducibility

The relative sensitivity and reproducibility of
the different types of TLBs were compared at the dose

O O£^level of 0.21 mGy (irradiated with a standard Ra
source). Each group contained 19 TL dosimeters except
the group of LiF (ten chips). The TL measurements
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Table II

Relative TL signals for TLDs irradiated with
0.21 mGy of 226Ra

Typ« of TLD

Storage time
No. or me as.

1.
2.
3.
4.

0

LiFp

Ib 10»

0.189
0.172
0.174
0.208
&

LiPe

Ih 40»

0.125
0.106
0.152
0.141

1656

«6V7

2h

1.06
1.09
1.04
0.65
20*

CaS04

2h 30»

1.90
1.89
1.86
1.86
11*

CaP2

3h 10»

1.00
1.17
1.00
0.91
4*

Qj : The mean value of standard deviations of the relative TL signals for
each group of dosimeters.

were carried out one to three hours after the irradi-
ation.

The highest sensitivity is found for CaSO^ and
the least sensitive is LiFg (Table II).

The highest spread (as given by è in Table II)
of individual sensitivity is found with MgB^O^ (20%)
and LiF (16%; and the lowest with CaF0 (3%).e c-

The stability of average sensitivity of single
TLD groups is given in Table II as the difference of
the mean relative TL signals between four measurements
for one TLD group. This stability is excellent for
CaSO, , acceptable for CaFp and LiF and poor for
MgB.,0,-, and LiF . The real cause of the observed4- / echanges is not known and should be further investi-
gated. The practical consequence is that frequent re-
calibration is indespensable. The LiF-teflon discs
tend to warp after annealing, and this causesdifferen-
ces in the heat transfer during the readout cycle. In
the case of MgB.Or-, the frequent annealing reduced its
sensitivity. In personnel and environmental monitoring
where low doses are expected it is advisable to use
the MgB.Or, and LiF without any additional anneal-*4- / eing. Without annealing, the reproducibility of MgB̂ O,-,
from five measurements was 8% at the same dose level
and measurement conditions (as applied in Table II).
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Fading

The fading of the different TLDs irradiated to
0.21 mGy and stored in a lead shield was studied up
to one month (Table III). The fading between 1 day

Table III
Fading of TLDs stored in dark. The TL signal was

normalized to the signal of the TLDs stored for 24 hours

Storage
time

0.5 h
3 h
6 h
24 h
48 b
7 d
30 d

LiFp

0.92
0.98
1.00
1.00
0.90
1.02
0.88

Relative
LiF„ I

C

1.18
1.24
1.39
1.00
0.87
0.72
0.63

TL signal
IgB̂ Or,

1.36
1.42
1.19
1.00
1.08
0.96
0.82

CaS04

1.16
1.22
1.12
1.00
1.03
0.98
0.97

«8
1.07
1.07
1.07
1.00
0.98
0.99
0.95

and 1 month is relatively low. The large "fading" ap-
pearing for the LiF is maybe an artifact due to the6
large uncertainty of the TL measurements at this low
dose level. CaSO. and CaFp are quite stable and

O^ shows less than 20% fading.

As the fading during the first day is quite
large, it is advisable to store the irradiated TLDs
for one day before evaluation.

Light induced fading

The stability of TLD discs were tested in normal
laboratory fluorescent room light condition.

After irradiation of 0.21 mGy the TLLs were ex-
posed to the fluorescent room light for 25 hours. The
results are listed in Table IV. Only the MgB,07 shows
a relatively large light induced fading, which is in
accordance with earlier experiments [̂ 26 ] . The most
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Table IV

Light induced fading of TLJDa after irradiation with
0.21 mGy of 226Ea source

Storage time
(hours)

0
11.5
4-5
25

Control*

The normalized TL signal of
LiPp

0.93
-

0.88
0.95
1.00

LiFe

1.45
-

2.99
5.58
1.00

HBV7

1.16
0.97
0.78
0.33
1.00

CaS04

1.000
0.97
0.96
0.99
1.00

Ca*2

0.93
0.88
0.83
0.79
1.00

*The control TLDs were stored for 25 hours in black polyethylene foils
at the same place.

stable was the CaSCv ; CaFp shows 20% fading, while
in the dark it was stable. In the case of LiF the
light induced TL signal covered the fading.

Light induced TL signal

Non irradiated TL dosimeters were kept under
fluorescent room light conditions for 24- hours. Ex-
cept for the LiF no light induced TL signal could
be observed. The measured TL signals after 24 hours
storage were in the range of the lowest detectable
dose, lower than O.OJ mGy except for LiF ; its

t?
signal corresponds to the dose of 1.38 mGy. Because
of its large light sensitivity LiF must be kept

"
in darkness.

Relative energy response for TL dosimeters

According to the literature data j~5, 2?J the
TL response of the MgB^O^ and LiF has the lowest
dependence on energy, while CaSCL and CaFp need
special encapsulation in the low energy region.
Therefore MgB.O,-, and LiF dosimeters have advantage
in nuclear medicine and X-ray radiology both for the
personnel and for working area dosimetry. To deter-
mine the accuracy of the measurements in low energy
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131region the NgB^O^ and LiF were calibrated with v I
(80-723 keV) and ̂ mTc (140 keV) in addition to ca-
librations with 6°Co (1.25 MeV) and 226Ra (0.093-
2.45 MeV) sources. These radionuclides are applied
daily in the nuclear medicine practice.

The panoramic type Co source was calibrated
with ferrous sulphate and with chlorobenzene (GET)
L 28, 29~] chemical dosimetric systems. The accuracy
of the calibration of the Co source was ~5%. The
pp/r Ra in a 1 mm thick Pt holder and with fixed posi-
tions for calibration is a standard calibration source
for the personnel film dosimetry in the "Ruder Boskovic"

qqmInstitute, Zagreb. The used '^ Tc solution was the pro-
131duct of the firm "Hoechst-Behring", while ^ I was pro-

duced in the "Boris Kidric" Institute, Belgrade. To
get a point source the solutions of ^mTc and ^ I
coumpounds were evaporated. The activity of such sources
was measured with an accuracy of *?%• All TLDs were
individually calibrated with Co panoramic radiation
source. The results are shown in Tables V - VII.

The agreement between the calculated and by TLD
measured doses is satisfactory especially in the casePPftof Ra and I sources. The agreement between the

Table V
Calibration of TL dosimeters with 226Ea source

Calibrated
28

calibrated

norma-lized
meanvalue

0.47
0.63
0.78
0.95
1.26
1.42

1.00

and measured doses (mGy) at
cm
measured

LiF MgB̂ Or,

0.48
-
-
0.73
-
1.30

0.90

0.47
0.62
0.72
0.84
1.19
1.38

0.95

23
calibrated

0.70
0.93
1.17
1.40
1.87
2.10

1.00

different distances from the source
cm
measured

LiF MgBaO?
0.58
-
-
1.15
-
1.83

0.84

0.73
0.92
1.17
1.28
1.79
2.04

0.98

18
calibrated

1.18
1.58
1.97
2.37
3.16
3.57

1.00

cm
measured

LiF MgB40„

0.93
-
-
1.76
-
2.68

0.76

1.04
l.*5
1.88
2.02
2.81
3.11

0.89
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Table VI

Calibration of TL dosimeters with 131I source

Calculated and measured doses (mGy)
20 cm

calculated

norma-
lized
mean
value

0.45

0.78

0.99
1.24

2.21

1.00

measured
Li? MgB40?

0.49

0.80

1.12

1.17
2.18

1.04

0.46

0.80

0.97

1.26

2.22

1.01

calculated

0.57
0.97
1.23

1.55
2.76

1.00

at different distances from

18 CD

the source
14.1 en

measured
LiP MgBaO?

0.54

0.93
1.30

1.42

2.69

0.97

0.58

0.99
1.23

1.55

2.85

1.01

calculated

0.92

1.58

2.00

2.51
4.48

1.00

measured
Li? HgB^O?

0.83
1.28

1.65

2.25

3.99

0.87

0.84

1.47
1.82

2.34

4.18

0.92

Table VII

Calibration of TL dosimeters with ^Tc source

Calculated and measured doses (nGy)
20 cm

calculated

norma-
lised
mean
value

1.85
1.06
0.89
0.72
1.14
0.27

1.00

measured
LiF MgB40?

2.33
1.34
1.20
1.07
0.82
0.41

1.21

2.24
1.19
1.02
0.87
1.22
0.32

1.15

at different distances from
18 cm

calculated

2.40
1.27
1.06
0.89
1.42
0.34

1.00

measuredLiP MgBaO?

2.74
1.52
1.65
1.20
1.32
0.38

1.21

2.57
1.47
1.22
1.01
1.44

0.39

1.11

the source
14.1 c«

calculated

3.74
2.06
1.73
1.45
2.31
0.54

1.00

measured
LiP MsB40?

4.24
2.27
2.21
1.82
1.60
0.52

1.07

4.20
2.40
1.96
1.69
2.37
0.65

1.13

Table VIII
Comparation of LiF and film dosimeter in

routine personnel monitoring

Person
no.

1
2
3
4
5
6
7
8

Measured dose by
TLD

0.11
0.87
0.10
0.80
0.15
0.34
0.99
0.07

film
(mGy)

0.20
0.60

< 0.20
0.50

< 0.20
0.45
1.10

< 0.20

Person
no.

9
10
11
12
13
14
15
16

Measured dose by
TLD

0.16
1.43
0.74
1.16
0.06
0.32
0.25
0.36

film
(mGy)

0.15
1.10
0.55
0.85

40.20
0.30
0.40
0.60

dose is lower than 0.20 mGy
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nominal and measured doses is better for larger dis-
tances between the dosimeter and the source.

The results of measurements by °°mTc (Table VII)
are in agreement with our expectation, i.e. at the low
energy (140 keV) of y^mTc the TL response is higher
(1496 for MgB^O^, 20% for LiFg, respectively).

INTERCOMPARISON OF ROUTINE PERSONNEL DOSIMETRY RESULTS

At the beginning of our studies with TLDs (_12j
we compared the absorbed doses measured by LiF ,6
MgB^O„ and the film dosimeter. In Croatia only the
film badges are used for personnel monitoring. In whole
Croatia, except for the "Ruder Boskovic" Institute,
the dosimetric control for occupational exposure is
carried out by one official dosimetry service[32]. The
film dosimeters carried by the workers of the "Ruder
Boskovic" Institute are calibrated, developed and eva-
luated by the Radiation Protection Service of this
Institute.

In Table VIII the doses measured by LiF and the
film badge are compared. The dosimeters were carried
on the same place of the body for one month. The re-
sults are within -30% only at the doses appreciably
higher than 0.2 mGy (since the limit of the detecta-
bility of the film dosimeter is 0.2 mGy).

The results of two independent dosimetric con-
trols measured by LiF (evaluated in the "Ruder Bosko-6
vie" Institute) and by MgB.O^ (evaluated in "Boris
Kidric" Institute) are shown in Table IX. The inter-
comparison was carried out in a Department of Nuclear
Medicine during a five month period. The measured
values are in good agreement (-10%) at higher doses.
The agreement of -25% at lower doses is satisfactory
too.
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Table IX
Absorbed dose (mGy) measured in Department of Kuclear Medicine

a) TLD measured in "Buiïer BoSkovic" Institute, Zagreb
b) TLD measured in "Boris Kidric" Institute, Belgrade

PeriodLocation
gamma caméra
(2m from source)
worker I
worker II
radiochemistry lab.
(1m from source)
worker I
worker II
HOT lab.
worker

I
a

0.12
0.26
0.23
0.08
0.15
0.12
1.34
0.15

b

0.09
0.18
0.22

0.08
0.11
0.13
1.52
0.11

II
a

0.04
0.18
0.17

0.0?
0.06
0.11
2.14
0.17

b

0.11
0.24
0.36

0.07
0.11
0.09
-
0.20

IIIa

0.16
0.19
0.27

0.11
0.16
0.13
1.06
0.24

(months)
b

0.10
0.17
0.32

0.08
0.12
0.11
1.30
0.20

a

0.
0.
0.

0.
0.
_
1.
0.

IV

13
19
15
12
18

24
16

b

0.08
0.27
0.16

0.08
0.16
C.09
1.20
0.17

V
a

0.14
0.32
0.18

0.12
0.23
0.18
2.04
0.17

b

0.09
0.28
0.13
0.08
0.09
0.10
1.80
0.09

renography(2m from source)
worker________

0.09 0.09 0.04 0.08 0.15 0.12 0.11 0.08 0.11 0.08
0.14 0.09 0.14 0.16 0.18 0.13 0-16 0.09 0.16 0.10

therapy room
(2m from source)
worker

0.32 0.30 - 1.01 0.65 0.70 0.67 1.20 2.21 2.20
0.10 0.15 .0.14 0.20 0.22 0.14 - _0.10 _JX27_ 0.14

radioiodine lab.
(2m from scanner) 0
worker
office

0
0

.13

.11

.16

0.13
0.11
0.19

0.04
0.10
0.05

0.09
0.08
0.11

0.12
0.16
0.23

0.15
0.19
0.23

0.11
0.11
0.21

C.10
0.08
0.15

0.19
0.20
0.24

0.09
0.13
0.21

Table X
Comparison of doses (mGy) measured by TL and film dosimeters in

Department of Nuclear Medicine

worker
worker
worker
worker

worker
worker

worker
worker
worker

in
I
II
III

I
II

in
in
in

Hot lab.
at gamma camera
at gamma camera
at gamma camera

in radiochemistry
in radiochenistry

renography
radioiodine lab.
therapy room

I
TLD

0.1?
0.18
0.17
0.13

0.06
0.11

0.14
0.10
0.14

Period (months)
II

FILM

<0.50
<0.50
<0.50
<0.50

<0.50
<0.50

<0.50
< 0.50
<0.50

TLD

0.24
0.19
0.27
0.25
0.16
0.13

0.18
0.16
0.22

FILM

4
2
0

< o
0

< 0

<o
<o

2

.00

.00

.80

.50

.80

.50

.50

.50

.00

III
TLD

0.16
0.19
0.15
0.17

0.18
-

0.16
0.11
-

?ILM

4.00
<0.50
<0.50
< 0.50

0.80
<0.50

<0.50
<0.50
<0.50

IV
TLD

0.17
0.32
0.18
0.23

0.23
0.18

0.16
0.20
0.27

FILM

<0.50
1.00

<0.50
<0.50

<0-50
<0.50

<0.50
<.0.50
<0.50

The results of the intercomparison of the per-
sonnel dose measurements by TLD and film dosimeter
(evaluated "by the official dosimetry service [ 32j )
in Departments of Nuclear Medicine can be seen in
Table X and XI. In the most cases the agreement bet-
ween the results measured by the two methods are satis-
factory considering that the officially adopted limit
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Table n

Comparison of doses (mGy) measured by TL and film dosimeters
in Department of Nuclear Medicine

Period (Months)
Location ~ ~ ~ ~

TLD FILM TLD FILM TLD FILM TLD FILM

worker I at gamma camera 0.41 1.00 0„26 0.80 0.22 <0.50 0.20 <0.50
worker II at gamma camera 0.46 2.00 0.50 2.00 0.21 <0.50 0.30 2.00

worker at scanner 0.22 0.80 0.16 0.80 0.14 <0.50 0.2? 1.50

janitor I 0.09 <0.50 0.08 < 0.50 0.11 <0.50 0.10 <0.50
janitor II 0.12 <0.50 0.11 <0.50 0.10 <0.50 0.09 < 0.50

of detectability of film dosimeters in this case was
0.5

However, in some cases the difference between
the two parallel measurements are very high. Unfortu-
nately, we had no possibility to calibrate the film
dosimeters with the low energy °°mTc source, neither
we had inspection on the procedure of measurements
by film badges. One reason for this difference may
be the energy dependence of film dosimeters, but in
some cases the high measurement error is obvious.

Our study confirms that the home-made TL dosi-
meters are suitable for personnel dosimetry control.
Besides the measurements reported in this paper these
TLDs were successfully used as extremity dosimeters
for monitoring the dose distribution on the different
parts of the body during various working processes in
the radiochemistry fl2, 13 J and on the patient in
X-ray radiology treatments [l8, 19] .
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4. LISTING OF DOSIMETRY RESEARCH AND DEVELOPMENT NEEDS

Following the formal presentation of papers reporting on the status of
personnel dosimetry in their country or organization, the committee turned its
attention to the subject of dosimetry research and development needs. Two
formal presentations related to such needs, one by M. Prokic and one by C.S.
Sims, were then made to the entire committee. At that time, each participant
was invited to make any desired statements about such needs to the committee.
Following a general discussion, the committee was divided into four
working groups:

Group I Group II

H. Ing, spokesman J. Böhm
G.E. Massera A. Cavallini
0. Nikodemova W. Kraus, spokesman
O. Pukkila K. Minami
C. Strachotinsky T. Woehni
M. Toivonen

Group III Group IV

I. Dvornik U. Has ling
M. Hb'fert, spokesman V.I. Ivanov
J. Jasiak V.N. Lebedeu
I. Riaboukhine T.O. Marshall, spokesman
H. Seguin M. Prokic
C. Wernli M. Ranogajec

M. Smith

Each group was to develop a list of up to eight dosimetry research and
development needs and rank them as first priority or second priority. The four
working groups submitted their lists to the chairman who deleted redundant
items and compiled a composite draft list of 22 research and development needs
(12-first priority, 10-second priority). The committee met as a whole and
discussed the draft in detail. The results of this discussion led to the 16
recommendations (9-first priority, 7-second priority)* of the committee
presented below. These 16 were agreed upon by the majority of the participants.
A. First Priority
1. Investigate the implementation of dosimetric quantities for radiation

protection. This involves answering questions such as: Can the new
quantities proposed by the ICRU be measured with existing individual
dosemeters? Are new developments necessary? What are suitable phantoms?
What conversion factors should be used? What is the required angular
response?

2. Produce a practical document outlining details for measuring the
quantities in item 1 from the viewpoint of calibration. It must include
information on standardized phantoms and on differences between
free-in-air and phantom calibration.

*The recommendations within each priority level are not ranked. For example,
item 1 in First Priority is not a higher priority than item 5.
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Detector research in neutron dosimetry is required in order to adequately
include measurement of intermediate energy neutrons Suggested areas for
such work include development of improved, reproducible CR 39 materials?
Further investigation of multiple systems (e g , albedo-track) and the
associated methods of dose determination, and continued development of
bubble detectors Such dosemeters should, of course, be gamma insensitive

Develop a reliable, rugged, reusable, and thin extremity dosemeter
wearable as close as possible to the location of maximum exposure
Development of extremity dosemeter practices and methods of recording
doses are also needed

Measurement and compilation of spectra typical of real workplaces are
needed as a basis for adequate calibration of dosemeters as well as for
the interpretation of dosemeter readings This should be done for
neutrons first, then betas, and then for photons A proposal of reference
instruments for the calibration of personnel dosimeters with neutrons and
betas should also be included

A program for training of persons performing individual radiation
monitoring in developing countries should be initiated

Develop a recommended set of minimum requirements for personnel
monitoring to meet the needs of developing countries. These requirements
should include recommendations on simple calibrations and dosemeters
tailored to the actual needs of the several institutions to be considered

Study work practices with partial body dosemeters in hospitals and
nuclear installations in order to determine whether or not present
dosimetric practices are sufficient

Investigate and develop techniques for the reduction of the loss of
dosimetric information to an acceptable level This could include the
redundancy necessary to ensure the required reliability.

Second Priority

Obtain information on uncertainties in routine personnel dosimetry,
particularly for thermoluminescent dosemeters (TLD).

Produce a document describing appropriate practices and the measurement
of appropriate dosimetric quantities for radiation workers in medical
diagnostic situations
Investigate whether 7 mg/cm2 is appropriate for skin dosimetry

Develop detectors for skin dosimetry. One possibility is the TSEE
technique which has been neglected in the past due to practical
difficulties It may have certain advantages for skin dosimetry and more
work should be done to see if these difficulties can be overcome

Collect data and experience with respect to the application of recording
and investigation levels in individual monitoring Make relevant
recommendations

More consideration should be given to the determination of acceptable
uncertainties in practical personnel dosimetry

Automated TLO systems designed to reduce the manual labor required to
operate a service should be more widely developed by commercial
suppliers. Efforts to standardize the design of TLD dosemeter cards
should be made in the interest of efficiency.
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5. DESCRIPTION OF RECOMMENDED INTERCOMPARISON PROGRAM

In addition to presentation of their papers on the status of dosimetry
and of their ideas on research and development needs, the participants were
invited to recommend to the IAEA "a framework of an appropriate
intercomparison program". In other words, they were to advise the IAEA on
personnel dosemeter intercomparison activities which could be considered
appropriate for future IAEA sponsorship.

Tn general session, the committee heard from every participant concerning
their ideas relative to an IAEA-sponsored personnel dosimetry intercomparison
activity. Following this, the committee divided into its four previously
identified working groups. The chairman furnished each group a 24-point
questionnaire to provide guidance in developing recommendations relative to
the proposed intercomparison. The chairman assembled the questionnaires from
each group, summarized them, and distributed copies to the committee. These
summaries were discussed by the entire committee. The results presented below
constitute a preliminary description of the intercomparison program
recommended by the committee. It is intended to be a framework on which the
IAEA intercomparison programme can build. Details and difficult points have
been resolved by a task group consisting of the scientific secretary, the
chairman, and selected committee members in 1986.

A. Recommendations where complete agreement was obtained
1. The IAEA should become involved in some type of personnel dosimetry

intercomparison activity

2. Participation should be voluntary.

3. Participation should be open to all member states.

4. Published results should be anonymous.

5. There should be no penalty for bad test results.

6. This program should not involve criticality accident dosimetry. The IAEA
has already sponsored intercomparison activities in that area.

7. Types of radiation to be studied include beta, gamma, neutron and x-ray.
Combinations of beta—gamma and of neutron—gamma will undoubtedly be used.

8. The priority for performing these intercomparisons is x-rays first,
gammas second, neutrons third, and betas fourth.

9. There should be a separate intercomparison study for each type of
radiation (betas, gammas, neutrons, x-rays).

10. The program should start in 1987.
11. The results should be published as an IAEA report.

12. Reference dosimetry should be the responsibility of the irradiating
facility .

13. Participation should be by mail.

14. There should be no restrictions on dose equivalent rate.
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B. Recommendations requiring further resolution
1. Participants should meet to discuss results after they are available.

- This is seen as important, but expensive. It would be preferable to
meet at the irradiating facility, but Vienna might be a compromise.
Financial realities might limit the number of participants attending the
post-irradiation meeting.

2. Between one and three months should be allowed between irradiations and
reporting of results.- The exact time must be specified.

3. Dose equivalent ranges for various irradiations are presented in the
table. - The ranges need to be more precisely defined.

radiation type range, rnSv
beta 1-500
gamma, x-ray 0.5-100
neutron 0.5-100

4. Participation should be open to multiple organizations from a member
state. - All groups agreed that participation cannot be unlimited. A
method of limitation must be developed.

5. The IAEA task group should define the dose equivalent reporting
convention to be used. - This is a difficult problem since there are so
many conventions currently in use. However, it is important if proper
intercomparisons are to be made.

6. The number of dosemeters per participant must be limited. - The exact
number could be dependent upon the irradiating facility. The upper limit
should not exceed 25 dosemeters (including background dosemeters) per
participant in any case. Fifteen might be a reasonable limit.

7. The IAEA task group should define the phantoms to be used in the
intercomparisons. - The committee reported widely varying views on this
subject. Ideas ranged from free-in-air irradiations to water-filled slab
phantoms.

8. The irradiating facilities should be the best facilities available. - The
facilities do not necessarily have to be primary or secondary standards
laboratories. It is more important to have the dosemeters irradiated in
an identical manner than to have proven, highly accurate dosimetry.

9. The frequency of the intercomparisons should be determined after they are
initiated. - It will be important to succeed in the first one, then the
next one can be planned according to the needs. It may be desirable to do
the x-ray intercomparison one year, neutron in another year, etc. This
cycle could be repeated every four or five years.

10. The intercomparison program will require IAEA funding. - Such funding is
limited and the question of who should be paid must be resolved.
Possibilities for receiving funds include irradiating laboratories and
personnel from developing countries attending post-irradiation meetings.
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