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INTRODUCTION

One of the most difficult tasks facing the international community is the monii• m ^ of
environmental radiation for potential increases due to facility accidents or weapons activity.
Monitoring networks have been established to provide a record of natural background
radiation as well as measure any radiation releases from a facility. Thermoluminescent
dosimeters (TLDs) are an important element of such networks and are the most widely used
passive detector for environmental monitoring. In order to reach a high international standard
in the application of TLDs in routine environmental monitoring, there is a need for
intercomparisons.

Short review of international intercomparisons

The first large-scale intercomparison of environmental dosimeters was carried out in
19741 with the participation of 41 laboratories from 11 countries. After this the US
Department of Energy Environmental Measurements Laboratory (EML) has sponsored 10
more international intercomparisons. The most recent intercomparison was organised in 1996
and involved 121 participants from 31 countries2. In addition to field and 137Cs lab
irradiation, this intercomparison included an investigation of low energy response of
environmental dosimeters using 60 keV photons from an 241Am source. More than 80% of
field dosimeter results were within 30% of the reference values (field performance criteria
specified by ANSI-N5453) but only 42-59% of participants was within 10% of the reference
values. One of the author of this paper (G.K. from EML) was an organizator in the
intercomparison, the other author (R-K..M. from Ruder Boskovic Institute-RBI)t took part in
it with two independent dosimetric systems. One system was a combination of CaF2:Mn and
TLD-100 detectors evaluated by a TOLEDO 654 reader, the other one was a Harshaw
authomatic reader with TLD-100 cards. The dose values measured with these systems agreed
with the reference dose values within 3% for all (field, lab l37Cs, lab 24lAm) irradiations
expect the 7% agrreement of field results determined with automatic Harshaw TLD
dosimetry system.

The European community started in 19844 with the intercomparisons of dose rate meters,
the latest was held in 19945. All these intercomparisons as well as those organised by the
National Radiation Protection Board (NRPB), UK in 19856 and by selected laboratories of
the former Council of Mutual Economic Aid (1989)7 have combined laboratory and field
irradiations to improve the state of the art in this field and serve as a periodic quality control
for the participating laboratory.

Within all these intercomparisons one lab was responsible for the organisation. In the
study8 organised in frame of a Croatian-German-Hungarian scientific cooperation the
intercomparison was based on the joint-cross calibration in the laboratories involved and an
exchange of the dosimeters within the respective national environment monitoring programs.
The objectives of the study were to compare and to improve laboratory calibrations, to
compare the results of different dosimetry systems at the same field site, to determine the
field fading.

This work was supported by the US-Croatian Science/Technology Program Grant under
contract number JF 105.
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Recently a similar intercomparison was initiated as in ref. 8 using new developed high
sensitivity (A12O3:C

9 and LiF:Mg,Cu,P10) TL detectors in comparison with the earlier
investigated TLD systems.

METHOD OF THE ONGOING INTERCOMPARISON

Performance test of the new dosimeter systems

The aim of the performance test was to examine the new dosimeter systems involved in
the intercomparison on the basis of the Standard Laboratory Test Programme" and to
establish the accuracy and precision of the system. According this Programme there are
several sources of variations determining the precision. Some of the mean results of the
Standard Test Programme are shown in Table 1. in comparison with our earlier results12 on
CaF2:Mn and LiF:Mg,Ti detector. The readings of the new detectors were made with a
modified computer controlled TOLEDO 654 (Pitman/Vinten) reader. The annealing was
performed in the reader using measurement cycles.

Table 1. Results of the Standard Test Programme

Parameter

Lowest possible reading

Lowest detectable dose

Deviation of detector
sensitivity at 1000xDLDL

Linearity at 1 OOOx DLDL

Reproducibility
Rel. standard deviation
atD=1000xDLDL

at D=30 mGy,

Symbol Unit

DMIN fiGy

DLDL |aGy

s* %

(a/D)xlOO %

(s/D)xlOO %
(s/D)xlOO %

Detectors
LiF:Mg,Ti CaF2:Mn LiF:Mg,Cu,P A12O3:C

0.17

61

4.3
102.3

2.9
5.0

0.03

7

4.3
107.7

1.8
1.7

0.005

3

2.2
97.0

1.6
2.0

0.005

2

6.7
100.8

5.0
4.7

DMIN: reading for one scale division in units of dose; DLDL: the 3s value of the reading of 10
non-irradiated detectors; s*, s: relative standard deviation of 10 detectors for irradiation to
dose D without and with individual calibration of detectors, respectively; a: mean value of
readings of 10 detectors after irradiation to a nominal dose D.

The advantage of the Standard Test Programme is that in a relatively simple way information
can be obtained on which step of the measurement cycles has to be corrected to improve the
measured dose values. It is obvious that changes are necessary in evaluation protocol of
A12O3:C to get better relative standard deviation of the detectors i.e. a better reproducibility.
The Test Programme will also be carried out on the A12O3:C detectors using a constant
temperature hot gas reader13.

Protocol for intercomparison of TL dosimeters in the environment

The objective of the intercomparison is to test the performance of the A12O3:C and
LiF.Mg.Cu, P dosimeters under field conditions. The protocol is based on the experiences
from the intercomparisons organized by the authors2'8.

Intercomparison of calibration sources
Both participating laboratories use 137Cs for calibration irradiation. 5 pieces of

CaF2:Mn detectors and 5 pieces of TLD-700 detectors were irradiated with a dose of 1 mGy
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at the 137Cs sources in EML and RBI, respectively. The agreement between the calibration
sources was 2.5 %.

Description of field sites:
The laboratories selected two measurement sites in each country at which the

environmental radiation field is expected to be different. Selection criteria took into account
the altitudes and potential contribution of man made radioactive sources. The sites are
monitoring stations in the RBI with nuclear facilities and at the roof of the EML, as well as a
meteorological station at the seaside (island Rab) with a low natural background12 and ...e
field monitoring site in Brookhaven National Laboratory that is used for 11th intei national
intercomparison2.

Description of dosimetry systems:
Both laboratories use the new detectors which are the subject of this study

simultaneously with their standard dosimeters (CaF2:Mn and TLD-700) used for routine
environmental monitoring. The evaluation parameters are partly reported813 but they will be
modified according the results of the Standard Laboratory Test Programme.

Procedure for environmental monitoring:
The laboratories sent three sets of each kind of dosimeter involved to the other

laboratory. The first set contained two dosimeters/per site of field dosimeters, the second set
contained two fading dosimeters/site pre-exposed to a predetermined dose for determination
of the field fading correction factor, the third set contained two dosimeters for calculation of
the international transport dose.

After receiving these three sets from the other laboratory all field and fading
dosimeters from both laboratory have been were distributed to the measurement sites . The
international transport dosimeters have been stored during the monitoring period in a shield
with a reduced background level. Before and during the monitoring period the field, fading
and international transport dosimeters are located together.

The laboratories measure the dose received in transport within their respective
countries and the dose rate in the shield using their own dosimeters. The national transport
dosimeters are stored also in the shield together with the calibration and control dosimeters
except during the national transport. They must be sent together with the field and fading
dosimeters to the sites and returned immediately to the shield for storage during the
monitoring period. At the end of the monitoring period the national transport dosimeters will
be sent to the sites and returned together with the field and fading dosimeters from this site.
After receipt of the dosimeters the national transport dosimeters must be stored in the shield
with the field, fading, and international transport dosimeters. After collecting the dosimeters
from both field sites, all dosimeters will be sent back to the laboratories for evaluation.

The calibration dosimeters are stored in the shield between the annealing and read-
out procedure together with their own control dosimeters. The dose of the control dosimeters
serves for calculation of the dose rate in the shield.

The calculation of the field doses will follow the procedure described in Ref. (8).

Expected results of the intercomparison
With the standard dosimetric systems no systematic change was found8 in field fading

correction factors either with the season or with the location with various climatical
conditions. The differences in the fading correction factors were caused by the properties of
the dosimetric systems. The comparison of the results of the standard type field dosimeters
with and without fading correction factors did not improved the agreement among various
dosimetric systems. With the high sensitivity new detectors we expect that the field fading
correction will improve the agreement between the different dosimetric systems.
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The results of the intercomparison: the field doses at different locations, field fading at
different climatical conditions, high contribution of the transit doses (because of air-mail)
will contribute to the knowledge of the properties of the new ultrasensitive TLD materials
AljOaiC and LiF:Mg,Cu,P for application to environmental dosimetry.

The establishment of this international intercomparison allows a broad exchange of
experience and dosimetric systems. As a consequence, the calibration and measuring
procedures used in particular laboratories, as well as the quality of the dosimeter systems
employed could be improved step by step. We expect that the results of this investigation
may encourage the improvement of dosimetry systems with a modern one.
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