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T
1HE ACCURATE DETERMINATION of radiO-

activity by direct or indirect measurement
of people and surfaces or by the measurement
of samples is an essential part of radiological
protection. Being able to provide expertise in
this domain for government and industry be-
longs to the mission of SCK«CEN.

Objectives

m to offer complete services in health-physics
measurements according to international
quality standards;

B to improve continuously these measure-
ment techniques and to follow up inter-
national recommendations and legislation
concerning the surveillance of workers;

• to support and advise nuclear and non-
nuclear industry on problems of radioactive
contamination.

Programme In the framework of health-
physics measurements, SCK>CEN provides sev-
eral services, such as gamma spectrometry on
samples and humans, beta and alpha spec-
trometry, dosimetry, and radon measurements.
We also offer complementary services, valoriz-
ing existing infrastructure and competence:
instrumentation, calibration, standard source
preparation, and neutron activation analysis.

Gamma spectrometry SCK-CEN's gamma-
spectrometry service performs measurements
on low-radioactivity samples (environmental
and reactor samples, foodstuffs, etc.), for in-
ternal and external clients. Since 1995, the
service is accredited by Beltest as conforming
to the EN 45 001 standard for the quantification
of gamma emitters by high-resolution gamma
spectrometry.

In 1997, the number of gamma-spectrometry
analyses on samples stabilized as compared to
1996: we performed a larger number of analy-
ses for the BR2 and for external clients, but
fewer for other research projects at SCK'CEN.

At the end of 1997, we initiated the renewal of
the gamma-spectrometry section, by purchas-
ing modern electronics equipment and soft-
ware. We aim at a thorough update and recal-

ibration of the apparatus by 1999. We revised
the Si(Li) measurement chain for X-ray analysis
and prepared a variety of calibration sources of
55Fe for an extensive calibration programme.

We summarized our systematic measurements
on radiocaesium contamination in air, rain,
grass, milk, and humans in Belgium from the
late 1950s to present day. The average impact
of atmospheric nuclear weapon tests on the hu-
man body burden in our region was shown to
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Figure 1 Monthly average of (from top to bottom)

beta activity in airborne dust measured at SCK'CEN,

Mol, Belgium; 137Cs activity in airborne dust at SCK-

CEN; 137Cs activity in grass samples from a farm in

the vicinity of Mol (Dessel, Belgium); 137Cs activity in

milk samples from the same farm; 137Cs body burden

for a standard man of 70 kg.
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be more than six times that of the Chernobyl
accident. The cumulated body burden from in-
ternal exposure to 137Cs was 154uSv between
1959 and 1986, and 25uSv between 1986 and
1997 (Fig. 1).

In 1997, some additional in situ gamma spec-
trometry measurements on the Belgian terri-
tory showed a clearer geographical correlation
between the 137Cs activity level in soil and the
rainfall on May 3, 1986 (Fig. 2). The ambient
137Cs gamma-ray field currently represents a
dose of 0.6 to 7uSv a year.

Whole-body counting The laboratory for
whole-body counting performs gamma spec-
trometry on humans to detect internal radio-
active contamination. In 1997, we carried
out a total of 1139 measurements: 959 with
the large scintillator crystals for whole-body
counting (523 for members of SCK« CEN and 436
for others), 133 with the HPGe crystals for the
measurement of 241 Am in the lungs, 44 of ura-
nium and 232/228-rh m t n e i u n g s ^ h Xhe 12" x
4" scintillator and 3 of contaminated wounds.

During 1997, we designed a new facility to per-
form the lung measurements in a tilted chair,
instead of in supine position. This facility will
be operational at the beginning of 1998.

The research on the use of room-temperature
semiconductor detectors in in vivo counting
has been continued with the use of silicon
diodes in array. The most important problem,
namely the protection against electrical noise,
has been mastered perfectly (Fig. 3). Different
applications of CZT diodes have been studied
on actual cases: a wound contaminated with
241 Am was controlled with a very low limit of
detection and a follow-up of the patient ad-
ministered with 99mTc for articulation control
showed a long biological half-life of the marked
molecule in the tissues.

Beta and alpha spectrometry The Low-
Level Radioactivity Measurement service uses
low-background counters (liquid scintillators,
proportional counters, ZnS counters, and alpha
spectrometers) to determine the low-level ac-
tivity of alpha- and beta-emitting radionuclides
in environmental and biological samples.

We analysed over 1 500 urine and 30 faeces
samples, not only for plutonium, but also
for tritium, strontium, thorium, uranium, and
americium. Eighty-five percent of these bio-
assay determinations were performed at the re-
quest of establishments outside SCK> CEN. The
remaining 15% were requested by SCK«CEN's
Health-Physics Measurements group. We now
perform all the actinide measurements by al-
pha spectrometry and have lowered the detec-
tion limit for plutonium down to 0.1 mBq per
24 hours of urine. We analysed more than
1 700 alpha spectra and routinely measured
airborne dust samples (daily), rainwater sam-
ples (weekly), and environmental samples near
nuclear facilities.

In collaboration with ULg, we measured, after
tritium enrichment, very low activity levels of
tritium in underground water and in rain water.
Some 110 water samples have been analysed in
1997. This tritium-dating facility is available to
geological and hydrogeological services.

Like previous years, we participated success-
fully in an analysis intercomparison of tri-
tium, strontium, uranium, plutonium, ameri-
cium, and curium in biological samples. We
also participated successfully in an intercom-
parison measurement of "14C in the vent air of
nuclear facilities" organized by Bundesamt fur
Strahlenschutz (Germany).

Figure 2 137Cs soil

contamination [Bq-m"2]

measured at different lo-

cations in Belgium. The

measured activity level

correlates well with the

rainfall on May 3, 1986.
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Figure 3 This array

of three silicon diodes

with their preamplifier,

installed in a copper

casing, is used for

the determination of

internal contamination

in humans. The left

part of the casing

hosts the noise filter

circuit.

Dosimetry The dosimetry service is in
charge of the personal dosimetry of more than
4 500 workers in different companies and hos-
pitals, among which 800 are SCK« CEN workers.
Moreover, we supply extremity and environ-
mental dosemeters, all of which operate on the
thermoluminescence principle.

A test programme investigated the need for
the introduction of a special beta doseme-
ter as routine personal dosemeter. This beta
dosemeter has a special thin filter in front of
a thin TLD detector. Laboratory tests showed
that it indeed detects low-energy beta rays bet-
ter than the normal routine dosemeter. Dur-
ing a nine-month test period, these dosemeters
were used by people working with low-energy
X-rays and beta rays in a hospital, showing min-
imal doses coming from beta rays to the work-
ers. Nevertheless, the beta dosemeters are now
used in practice for a small number of people
liable to receive some beta dose.

Radon measurements SCK>CEN's radon
group offers customized solutions in the area
of radium and radon contamination. It can per-
form long-term and short-term radon measure-
ments in indoor and outdoor environments on
behalf of industry, authorities, and the general
population.

Calibration The calibration service cali-
brates all radiation detectors at SCK»CEN. It
also calibrates neutron monitors, gamma mon-
itors, and electronic personal dosemeters for
customers outside SCK'CEN. The Beltest ac-
creditation of some calibration services is fore-
seen for 1998.

Instrumentation The instrumentation ser-
vice is responsible for the maintenance of all
the electronic measuring devices used in ra-
diation protection at SCK«CEN. To install, for a
client, a system to take representative and re-
liable samples in a new ventilation outlet, the
instrumentation service studied the monitor-
ing of the outlet, measured the air velocity, and
constructed an isokinetic sampling tool.

Standard source calibration The standard
source calibration service of SCK'CEN can de-
liver standards in almost any shape and ac-
tivity for most commonly available isotopes.
The radioactivity is traceable to international
reference laboratories. The absolute calibra-
tion is based on a 4TT proportional counter
with gamma coincidence as primary technique
and a calibrated Nal well detector for integral
gamma counting as secondary technique. A 2TT
windowless alpha detector is used for calibra-
tion of solid alpha sources.

Neutron activation analysis SCK-CEN
performs elemental analyses for the industry
and for research projects by neutron activation
analysis. The combination of the facilities of
our gamma-spectrometry laboratory and the
reference neutron fields of our BRI reactor con-
stitute an excellent framework for exploiting
this technique. The main achievement in 1997
was the implementation of the fco methodol-
ogy; besides two HPGe detection setups for the
analysis of long-lived isotopes, we also assem-
bled a new setup for short-lived isotopes at
the fast-rabbit system in channel S84 of the
BRi reactor. A typical commercial applica-
tion was the analysis of fluor (Ti/2 = 11 s) in
liquids.
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Scientific partners Universiteit Gent (UG) —

Vrije Universiteit Brüssel (VUB) — Université de

Liège (ULg) — Belgoprocess (BP)

Customers Belgonucléaire (EN) — Franco-belge

de fabrication de combustibles International (FBFC

Int.) — Belgoprocess (BP) — Kerncentrale Doel (KCD) —

Centrale nucléaire de Tihange (CNT) — Institute for

Reference Materials and Measurements (IRMM) —

Contrôle de sécurité de l'Euratom (CCE)
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