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RADIATION MONITORING USING IMAGING
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This paper describes the use of a photostimulable phosphor screen imaging technique
to detect radioactive contamination in the leaves of wormwood (Artemisia vulgaris L.)
and fern (Dryopteris filix-max CL. Schoff) plants affected by the Chernobyl nuclear
power plant accident. The imaging plate technology is well known for many striking
performances in two-dimensional radiation detection. Since imaging plate comprises
an integrated detection system, it has been extensively applied to surface contamina-
tion distribution studies. In this study, plant samples were collected from high- and
low-contaminated areas of Ukraine and Belarus, which were affected due to the
Chernobyl accident and exposed to imaging technique. Samples from the highly con-
taminated areas revealed the highest photo-stimulated luminescence on the imaging
plate. Moreover, the radionuclides detected in the leaves by gamma and beta ray spec-
troscopy were 137Cs and ?0Sr, respectively. Additionally, in order to assess contamina-
tion, a comparison was also made with leaves of plants affected during the JCO criti-
cality accident in Japan. Based on the results obtained, the importance of imaging plate
technology in environmental radiation monitoring has been suggested.

Key words: CNPP accident, JCO criticality accident, imaging plate technique

INTRODUCTION

Scientific paper
UDC: 539.1.074/.075:614.876

BIBLID: 1451-3994, 21 (2006), 1, pp. 41-47 The worst ever accident in the history of nuclear
power plants occurred on April 26%, 1986, at

Chernobyl, Ukraine, formerly a part of the USSR. It
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is referred to as the “Chernobyl nuclear power plant
(CNPP) accident” [1, 2]. The accident followed a
safety experiment in which the plant was operated
outside of its designed parameters, at very low power
and unfavorable cooling conditions. Radioactive par-
ticles that swept across the Ukraine, Belarus, and the
western portion of Russia, eventually spread across
Europe and the whole of the northern hemisphere.
The CNPP accident exposed most of the population
of the northern hemisphere to various degrees of ra-
diation. Due to this, after 1986, the public perception
of a nuclear risk was changed to a great extent. Other
than the obvious and much studied health impact, the
agricultural and environmental impacts, relatively un-
studied, still pose a serious problem. At present, 20
years after the CNPP accident, contamination is still a
major problem in Chernobyl and the surrounding ar-
eas originally included in the exclusion zone. Cae-
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sium-137 (137Cs, gamma- and beta-emitter), which
has a half-life of 30.1 years, is the most important
radionuclide from Chernobyl’s catastrophic explo-
sion, and is present at high concentrations in the 0-5
cm  soil layer. Another damaging residual
radionuclide, strontium-90 (*°Sr, beta-emitter),
which has a half-life of 29.1 years, is also present in the
soil layer. Both of these radionuclides pose a potential
threat to plant life in the region.

The CNPP accident has been cited as a level 7
according to IAEA, whereas the JCO criticality ac-
cident has been evaluated as a level 4 incident. On
September 30, 1999, a criticality accident (neutron
accident and release) occurred in the precipitation
tank at the uranium conversion building of the JCO
Company Ltd. in Tokaimura, Ibaraki Prefecture, Ja-
pan [3]. A solution of enriched uranium (18.8%
235U by mass) inan amount reportedly several times
higher than the specified mass limit, had been
poured directly into a precipitation tank, bypassing
a dissolution tank and buffer column intended to
avoid criticality. Although no serious contamina-
tion impact to the environment, neutron emission
and fission products, including trace amounts of
noble gases and gaseous iodine, escaped from the
building [4, 5].

In general, when we monitor the effect of ra-
dioactivity released into the environment, the spe-
cific energy intensity of the radioactive nuclide con-
tained in soil or plantis usually measured by gamma
ray detection equipment or beta ray spectrometers.
In order to explain this to the general public in a
manner as simple as possible, specialized knowl-
edge is necessary, and therein lies the aim/reason be-
hind this study. By adopting the imaging plate (IP)
technique, we hope to explain in simple, strictly vi-
sual terms, the presence of radioactivity in our sur-
roundings, e. g. infon plants. Additionally, this study
examines the possibility of whether the IP tech-
nique can be applied to the decontamination of en-
vironmental radioactivity. We have collected plant
samples from the Chernobyl exclusion zone (Sep-
tember, 2000/2001), as well as JCO site (Tokai-
mura), one week later and 27 days after the acci-
dent. The results obtained during this study reveal
the usefulness of the IP technique in assessing the
presence or absence (and quantification, where the
contaminating radionuclides are known, as in the
case of Chernobyl) of radioactivity in our immedi-
ate surroundings.

EXPERIMENT
Sampling and exposure to IP

Plant leaves were prepared for exposure to an
IP (BAS-MS2025, Fuji Photo Film Co., Ltd., To-

kyo, Japan) by pressing the leaves between pages of a
notebook and subsequent drying in clean air. The ex-
posure was carried out for 12, 24, or 72 h in a shield
box, as mentioned in figure legends. The IP plate was
analyzed using an IR Bio-Imaging Analyzer
(BAS-2000, Fuji Photo Film Co., Ltd.). Photo-stim-
ulated luminescence (PSL) intensity was also calcu-
lated and presented whenever necessary.

Gamma and beta ray measurements

Gamma ray measurement was performed be-
tore the processing of leaf samples for pressing and
drying, using a Ge-detector (Ortec GMS-30185,
1.8 keV half bandwidth), coupled to a multi-chan-
nel analyzer (Seiko EG & G 7800). During mea-
surement, one channel was set to 0.5 keV, so that
measurements up to 2000 keV were possible. The
spectrum of beta ray emission was measured using
dried leaf samples. Approximately 0.4 g of dried
leaves was put in an aluminum dish (25 mm in di-
ameter) and placed inside a low background beta
ray spectrometer (Fuji Electric Co., Pico-beta
NPBO00) coupled to a multi-channel analyzer (Lab-
oratory Equipment Co., MCA/AT).

RESULTS AND DISCUSSION
Chernobyl (CNPP) samples

Sample collection points were at Gomel,
Belarus, Masany ecology research center (10 km
from the CNPP) in Ukraine, the three CNPP cir-
cumference areas (Kopachi, Prypyat, and Red
Forest) and at the contrast (control) areas in Kiev
and Kherson city off the black sea coast in Ukraine.
Fern, wormwood, thistle, raspberry, mulberry, hop,
pine, and moss plants were collected, and an index
plant was selected based on the clarity of leaf struc-
ture, size and availability in all sampling areas men-
tioned above. Consequently, two kinds of index
plants, namely wormwood and fern were selected.
Wormwood is widely distributed from the subarctic
to the subtropical zones, whereas the ferns are pre-
dominantly present in the dry sandy soils in and
around Chernobyl.

The radioactive nuclide, which existed in these
plants, was measured by a Ge-detector and a low
background beta ray spectrometer. These
radionuclides were identified as 137Cs (half-life 30.07
year) and *°Sr (half-life 28.78 year). This was com-
pared with the same contaminated soil samples from
the area and found to be 67.9+£0.024 Bqand 3.18 £
0.33Bq for 137Cs and ?°Sr, respectively. In this study,
we have selected indicator plants such as wormwood
and fern to check the IP technique. The influence of
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0K, which exists as a naturally occurring back-
ground radioactive source, was distinguished by
checking the image in real time (data not shown). In
order to investigate the distribution state of 1¥7Cs
and ?Sr, 137Cs was separated using various shield
materials, for example, since it was found that *°Sr
had reached radiation parallel with Y, a radiation
shield was used for 2°Y. Results presented in fig. 1
show ferns from Masany (both decontaminated and
contaminated areas) exposed to the IP plate. It can be
clearly seen that the leaves of the ferns from the con-
taminated areas show very high radioactivity, partic-
ularly in the veins (dark red color), strongly suggest-
ing that these radionuclides had moved into the
plants from the soil. In total contrast, control plants
from the decontaminated area did not reveal any ra-
dioactivity. These initial data indicate the usefulness
of IP in visually determining radioactivity.
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Figure 1. IP analysis of fern leaves

(a) photograph of fern before exposure to IP

(b) photograpgh after exposure to IP (exposure time
was 24 h

We examined the leaves of both wormwood and
terns from various locations around Chernobyl (figs.
2 and 3). The leaves of wormwood plants from
Kopachi, Prypiat and Masany show presence of radio-
activity. On the other hand, the ferns were strongly ra-
dioactive in comparison with the wormwood plants,
and the leaves from the Red Forest, Kopachi and
Masany showed high levels of contamination. Sur-
prisingly, the leaves from the decontaminated area of
Prypiat also showed radioactive contamination,
though not at levels detected in the still-contaminated
areas. These results, while clearly showing the effi-
ciency of the IP technique, disturbingly reveal that
some of the decontaminated areas have a certain
amount of radio-contamination still left in the plants,
which is most likely to originate from the soil. This
makes us very anxious about in-the-body contamina-
tion, i e. the shifting of the radioactive nuclide from
contaminated soil to agricultural products.

Tokaimura (JCO) samples

As a comparison, and in order to test the IP
technique, we conducted certain experiments on

Figure 2. IP analysis of wormwood leaves

(a) photograph before exposure to IP

(b) photograph after exposure to IP (exposure time
was 72 h)

Figure 3. IP analysis of fern leaves from the
Chernobyl exclusion zone

(a) photograph of wormwood before exposure to IP
(DC, decontaminated area)

(b) photograph after exposure to IP (exposure time
was 12 h)

plants from the Tokaimura accident site in Japan
(JCO criticality accident site). At first, in order to
select an IP index plant around the JCO site, ivy,
wormwood, mulberry and fern plants were col-
lected and examined. The sampling points are
shown in fig. 4 (S1-S14). Consequently, worm-
wood, whose detection sensitivity of the radioactiv-
ity by IP was good (fig. 5), was adopted as the index
plant. This was based on its presence at almost every
point where it was easy to form a plant community,
and a suitable height from the ground in the range
of 10 to 30 cm. This result further provided support
to the use of the IP technique for measuring radio-
activity in plants. However, as seen in fig. 5, §7 and
S8 samples showed higher radioactivity than S9,
which is closest to the precipitation tank (conver-
sion building), fig. 6). Hence, these initial results
revealed that it was not advisable to depend on the
distances of the wormwood plants from the precipi-
tation tank, the main generating source of neutrons.
Moreover, in order to investigate the contribution
of surface contamination by the radioactive noble
gas as another cause of the contamination, the dis-
tance of a sampling point was measured from the
surface of a wall near the exhaust duct. As a result,
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Figure 4. Sampling point of the Tokaimura JCO site
Distance from the uranium conversion building was
2.1 m (S9),23.8 m (S8),37.1 m (S7),49.1 m (S13),
and 63.5 m (S14)
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§9 (23.7 m), S8 (12.1 m), S7 (18.0 m), S13
(28.9m), and S14 (41.8 m) sampling points were
selected, which proved to be in good agreement
with the photo stimulated luminescence (PSL) den-
sity of IP (fig. 7). We also checked the PSL density
of the same samples (§9-S14) in a time-dependent
manner. It can be clearly seen that the PSL density
decreased with time (day), tig. 8. Therefore, it can
be suggested that the PSL density was strongly in-
fluenced by the neutron-induced fission product,

i. e. the radioactive noble gas that leaked from the
exhaust duct.

In order to prove this, an identification of the
radionuclide was attempted by using a Ge-detector
and a low background beta ray spectrometer.
Radionuclides such as #°Ba (0.537 MeV), *'La
(1.349 MeV)), 137Cs (0.662 MeV), 1311 (0.365 MeV)
and 1331 (0.529 MeV) were detected by a Ge-detector
(fig. 9a). According to the report of Ban-nai et al. [5],
the level of 31T was about 120 Bq/kg at the JCO site.
This was less than the index (pine leaf: 2000 Bq/kg)
ingestion restrictions imposed on food and beverages
for 1311. As an identification of the B-ray nuclide by
low background beta ray spectrometer, the existence
of 8Sr (1.497 MeV) from the fission product origin
89Kr was found in the leaves [6] (fig. 9b-d) and con-
firmed by purifying Sr from the S9 leaf sample (fig.
9¢). The detection of 3St, which is a beta ray emitter,
is a new observation, clarified due to the emission into
the environment. These results were also in good ac-
cord with the PSL intensity of IP (fig. 9).

Figure 5. IP image of the
collected wormwood leaves

(a) photograph before expo-
sure of wormwood to IP

(b) photograph after exposure
to IP (exposure time was 72 h)
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Figure 6. Distance of sampling
points from the JCO exhaust
duct

We further examined whether other radio-
-nuclides, like the beta ray emitters 32D, 3§, and
*5Ca, neutron-induced, were present in the
leaves. We therefore selected the S9 leaf sample,
and consequently, *2P, which is the neutron-in-
duced radionuclide of phosphorus, identifying a
sulfurous origin (fig. 9f). In general, based on all
these results, it can be suggested that, in the JCO
criticality accident, the influence of fission prod-
ucts was more pronounced than the effect of the
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Figure 9. Gamma ray and beta ray spectrum from wormwood collected within the JCO site
(a) gamma ray spectrum from wormwood,
(b-d) beta ray spectrum from wormwood leaves,

(e-f) identification of the beta ray emission nuclide by the beta ray spectrometer after the purification of Sr (e),
and of P (f)
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neutrons themselves, which may turn out to be
data of great interest to researchers.

CONCLUSION

Sample selection of plants is very simple at any
accident site. It does not require any special treat-
ments or sample preparation. Results can be ob-
tained within a few hours (0.2~1 h), ascertaining
the nature of the contamination due to radiation.
For example, Chernobyl exclusion zone samples can
be detected within 10 minutes. Measurement of en-
vironmental radioactivity using an IP can serve as an
inexpensive and rapid method/technique to check
surface contamination in case of an emergency.
Moreover, it can also be used for monitoring the
long-term effects caused by a nuclear accident.
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IIasao B. 3AMOCTUJAH, Banepuj E. IEBUYK

PAINJAIIMOHU MOHUTOPUHI ITOCPEOCTBOM ®OTO
IINIOYE - CJIYYAJ TIPOYYABAIbA JIMITKA MTOJABPTHYTOTI
YEPHOBU/bCKOM AKIUIAEHTY M JSO AKIHHUJIEHTY KPUTUYHOCTH

Ormucano je kopuirheme TEXHHKE CIUKamba (POTOCTUMYJIUCAHUM (POChOpPHUM E€KpaHOM 3a
JeTeKUMjy pagnoakTUBHEe KOHTaMHMHauuje nuirtha Ousbaka neneHa (Artemisia vulgaris L.) m manpatu
(Dryopteris  filix-max CL Schoff) momBpruyTux akmujgeHTy 4YepHOOMIbCKE HyKJIE€apHe eJIeKTpaHe.
Texnonoruja ¢oTo mwioye foOpo je 3HaHAa y ABOAMMEH3MOHAIHO] PajiujalliOHO] AETEKIMjU 10 MHOTUM
ynamgbuBuM ocoouHama. [1omTo yKIbydyje MHTErPUCAHU CUCTEM 32 IETEKIH]y, IIUPOKO je MPUMEHhUBaHA
3a MpoyvaBame pacropielie MOBPIINHCKE KOHTaMUHALje. Y OBOM pafy MpoydyaBajy ce y30puu Ombaka,
CaKyIJbEHNUX ca MOfpyyja BICOKE M HUCKE KOHTaMuHanuje YKpajuHe u bemopycuje, Koje cy nmpeTtpmesne
YEepHOOWIbCKM aKIWICHT W TOTOM obpabeHe TtexHoiorujoM ¢(oTo miode. [IpmMeprm ca BHCOKO
KOHTaMUHHMPAHUX OOJIACTH UCTIOJBIIINU Cy Hajjauy (POTOCTUMYIHCAHY IYMUHHUCICHIM]Y Y TIOCTYIKY (hOTO
mrode. Y numrhy ¢y rama u 6eTa CIeKTPOMETPHjoM JieTekToBanu pagunonykmuan 137Cs u 90Sr. Y umby
OlleHe KOHTaMUWHaIlFje, U3BPIIeHO je mopeheme ca munrhem 6mpaka obosenor TokoM JSO akumpeHTa
KpuTHYHOCTH Y Janany. Ha ocHOBY noOujeHux pe3yiTara, yKa3aHo je Ha 3Hayaj TEXHOJIoruje poTo mioye
3a paiujalliOH MOHUTOPUHT OKOJIMHE.

Kmwyune peuu: ueprobumcku axyuoerit, JCO akyudenii KpuitiuuHoCu, mexHuka oo uioue




