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Chapter 11

COMPARATIVE ANALYSES OF LEAVES
CONTAMINATED WITH 137CS COLLECTED
IN CHERNOBYL AND FUKUSHIMA
Hiroo Nakajima*
Department Radiation Biology and Medical Genetics,
Graduate School of Medicine,
Osaka University, Osaka, Japan

ABSTRACT
The accident at the Fukushima No. 1 Nuclear Power Plant caused radioactive
material to spread over a wide area, dispersing over not only soil and buildings, but also,
given Fukushima‘s abundant natural environment, over plant leaves in fields, mountains,
and agricultural land. These plants are consumed as food, and animals that have eaten
them will have been exposed to radiation. Therefore, investigating the radioactivity of
leaves will enable us to ascertain the contamination level in the plants and animals in that
area. The leaf surface is an extremely small area compared to the area of Fukushima
Prefecture, and the distribution of the radioactive material on the leaves is uneven, as it is
in Fukushima Prefecture.
In this chapter, the author introduces a method of monitoring the radiation dose in
leaves contaminated by the Chernobyl and Fukushima nuclear accidents. This method
measures the difference in radioactive contamination status between the leaves and the
change in status over time in an easy and quick manner using image analysis of
individual leaves. This differs from the conventional method of measuring the Bq per kg,
which requires a large amount of sample material.
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INTRODUCTION
The unprecedented Great East Japan Earthquake and Fukushima No. 1 Nuclear Power
Plant accident occurred on March 11, 2011. Following these incidents, because of the
hydrogen explosion of the reactor building, radioactive materials such as water-soluble highly
radioactive iodine (131I) and radioactive cesium (134Cs and 137Cs) were spread.
The distribution of radioactive fallout from a nuclear accident differs according to
weather and topography. Many scientists, students, and volunteers created a map to show this
distribution [1, 2]. The method, at the time, was to take samples of surface soil with fixed
dimensions of 5-cm depth and 5-cm diameter, mix the sample until it was of even
consistency, then use a germanium semiconductor detector to measure radioactivity in the
sample. Then, the radiation level of each soil sample point was detected for each nuclide in
Bq per kg to evaluate the distribution and degree of contamination [1, 2]. This was the best
method for ascertaining the topographical contamination status across a wide area, and it was
effective for producing the map. Moreover, the method of measuring Bq per kg is generally
used to inspect for contamination of food, such as agricultural and marine products, and
water. However, although this method enables us to measure the average contamination status
per standard volume or weight, it cannot be used to detect the dose distribution on the surface
of individual objects.
Radioactive cesium, one of the other materials released during the nuclear accident, is an
alkali metal of the same type as potassium. Therefore, it may contaminate animals and plants
in an ecosystem not only by surface contamination but also internally. In this case, measuring
the Bq per kg cannot distinguish between surface contamination and in vivo contamination of
living organisms.
To predict the amount of radioactive material absorbed by animals in an ecosystem and
the subsequent changes in the amount accumulated within the body, it is important to
understand the distribution of radioactivity in individual edible plants contaminated by
radioactive fallout, as well as changes in this distribution over time. This is also important
with respect to agricultural produce consumed by humans. Moreover, detecting the
localization of radioactive material is important to identify the areas for decontamination. The
importance of understanding the distribution and concentration of material in this manner is
also evident in many everyday cases.
For example, rainwater of pH 5.6 or lower is known as acid rain. Why does acid rain
cause problems by affecting marble and bronze statues or human hair when its acidity is less
than that of cola drinks or orange juice (pH 2–4)? The answer is that acid rain is a solution
containing small amounts of dissolved NOx, SOx, and HCl. These substances do not cause
any problems at low concentrations; however, when water evaporates and the solution
becomes more concentrated, SOx becomes concentrated sulfuric acid and NOx becomes
concentrated nitric acid. Therefore, when materials at low concentration become highly
concentrated through localization, they can have a different, much stronger, effect.
Figure 1 shows seven molecules evenly distributed per standard 1-liter volume (a large
cube) (Figure 1a). Here, there is never more than one molecule in the small cube. However, if
for some reason seven molecules are concentrated inside the small cube (Figure 1b), their
concentration increases sevenfold in that area.
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Figure 1. Density and distribution.

However, when measured by liter (large cube), the number of molecules in both Figure
2a and b is seven, and the measured concentration will be the same.
If the large cube represents an individual living organism, and the small cube represents a
single cell within that organism, then if the situation in Figure 2b occurs, the biological
reaction to that substance will be stronger than in the case of Figure 2a, and the biological
effect will be significantly different.
Figure 2 (right panel) is an image taken using a transmission electron microscope,
showing many nanoparticles localized within a living cell [3]. Figure 2 (left panel) shows an
alveolar macrophage from a mouse that has inhaled airborne titanium dioxide nanoparticles.
It is very difficult to detect tiny amounts of airborne nanoparticles within the body of a mouse
following their inhalation. However, because alveolar macrophages engulf and collect many
nanoparticles within the lung, these become concentrated inside the macrophages and can be
easily detected as demonstrated in Figure 2 right [3]. In this manner, small amounts of
substances within the body can become highly concentrated in certain cells. Therefore, in
radioactive contamination, radioactive substances tend to localize within and on the surface of
living organisms.
To ascertain this, we need to measure the radioactivity distribution within individual
samples as well as measure the Bq per liter or kg. Radiation image analysis makes it possible
to ascertain the radioactivity distribution on the surface of a sample. Since the Chernobyl
accident, this method has been widely used in plants and animals [4-8]. However, a limitation
of this method is that, while it can detect the strength of the radiation, it cannot determine the
type of nuclide, and where the contamination is a mix of nuclides, it cannot quantify the dose
of each contaminant. As such, it is not considered an important technique in environmental
monitoring.
However, image analysis is a powerful method that has many advantages. It does not
require a lot of sample material, allowing users to ascertain the distribution of radioactivity
from a single leaf, and it enables a quick, easy, quantitative understanding of the changes in
the overall contamination status over time after a nuclear accident.
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Figure 2. Localization of nanoparticles. (a) Inhalation of titanium dioxide nanoparticles. (b) Titanium
dioxide nanoparticles concentrated in an alveolus macrophage. (Reprinted with permission from
Elsevier [3]).

1. IMAGES OF LEAVES TAKEN AFTER THE FUKUSHIMA NO. 1
NUCLEAR POWER PLANT ACCIDENT
Figure 3 shows an image of a bamboo grass leaf taken on day 109 after the accident (June
29, 2011) alongside National Route 115 in Iitate village, some 42 km away from Fukushima
No. 1 Nuclear Power Plant [9]. It was created by contacting the leaf to a BAS imaging plate
(Fujifilm) and exposing it appropriately in a cool dark place. A scanner-type image analyzer
(Typhoon FLA 7000, GE Healthcare) was used to form an image of the radiation strength and
distribution on the leaf surface.

Figure 3. Distribution of radioactive cesium on bamboo leaves sampled at Iitate village located 42 km
from the Fukushima No. 1 Nuclear Power Plant. Samples were taken 109 days after the Nuclear Power
Plant accident. (a) old leaf. (b) young leaf. (Reprinted with permission from Wolters Kluwer Health
[9]).

The upper leaf (Figure 3a) is an old leaf that had been growing since before the accident,
and the lower leaf (Figure 3b) is a young leaf that sprouted after the accident. The leaves in
the photos are rendered darker in areas where the radiation is stronger; areas emitting no
radiation are left white and are not visualized. On the older leaf, we can clearly see that the
radioactive fallout has formed innumerable dots that have adhered to the leaf surface. This
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shows that the radioactive material drifting in the air became concentrated in raindrops, which
fell and adhered to the leaf surface, whereupon the raindrops dried, and the material remained
until the leaf was gathered.
On the younger leaf, however, there are very few black dots on the image. This shows
that the young leaf, which sprouted after the accident, was not exposed to radioactive fallout
before it was gathered. In other words, there was no radioactive material falling during this
period. However, the fine capillaries in the leaf and the surrounding areas are faintly colored,
showing that a tiny amount of radioactive material has permeated evenly throughout the leaf.
This shows that radioactive material collects on the surface of old leaves and moves
throughout the interior of the leaf after being absorbed through the leaf surface as well as
through the roots via the soil.
A bamboo grass leaf was collected 389 days after the accident at a point 10 km from the
nuclear power station, and an image comparable to that shown in Figure 3 was obtained. This
showed that once the contamination had settled in points, it remained until the leaf fell. This
shows that old evergreen leaves contaminated by radioactive fallout retain high
concentrations of contamination in the upper section of the tree until they fall, so that in
several years‘ time, the falling of these leaves will cause the radiation level at the base of the
tree to rise.

Figure 4. Distribution of radioactive cesium on sorrel leaves sampled at Fukushima city located 62 km
from the Fukushima No. 1 Nuclear Power Plant. From the top panel, leaves were sampled at the same
location on days 78 (a), 119 (b), and 133 (c). (Reprinted with permission from Wolters Kluwer Health
[9]).
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Figure 4 shows the contamination status of sorrel leaves collected from the front of JR
Fukushima Station, an area 62 km from the nuclear power station, which was not designated
as an evacuation zone [9]. In this image, the exposure time was lengthened to increase the
sensitivity to detect weaker radiation than that detected on the bamboo leaves in Figure 3. The
photos are of leaves taken from the same spot on (from top to bottom) day 78 (May 29), day
119 (July 9), and day 133 (July 23) after the accident. The contamination dose is low;
however, the leaf from day 78 contains many black dots showing the adherence of radioactive
fallout as observed on the bamboo grass leaf in Figure 3. Then, on days 119 and 133, the
black dot contamination declines as the time since the accident increases. However, the leaf
capillaries and their peripheral areas grow uniformly darker, enabling us to confirm that weak
radiation is present throughout the entire leaf.
In both Figures 3 and 4, the main contamination is on the leaf surface due to the initial
radioactive fallout after the accident; however, it is clear that over time the contamination
status changes as contaminants accumulate inside the plant due to their absorption through the
roots and leaves. Measurement of the radiation depicted in these images using a germanium
semiconductor detector showed that most of the radioactivity was from 134Cs and 137Cs.

2. COMPARISON OF LEAVES FROM FUKUSHIMA AND CHERNOBYL
Figure 5a shows an oak leaf collected from an area contaminated with high levels of
radiation (Masani village, Belarus) in 1997, 11 years after the Chernobyl nuclear accident,
and Figure 5b shows a bamboo grass leaf from Iitate village (the same leaf as shown in Figure
3), and Figure 5c shows a sorrel leaf from Fukushima City (the same leaf as shown in Figure
4) [9]. These photographs use the same image processing method to compare the radiation
strength and distribution status.

Intensity
(PSL values)

65535

39270

12798

Figure 5. Comparison of an oak leaf (a) sampled in an area of high radioactivity (Masani village,
Belarus) in 1997, 11 years after the Chernobyl Nuclear Power Plant accident; a bamboo leaf (b) from
Iitate village; and a sorrel leaf (c) from Fukushima City. (Reprinted with permission from Wolters
Kluwer Health [9]).
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Figure 6. Distribution of radioactive cesium on birch leaves sampled at Masani village, Belarus in 1997.

The radiation strength is depicted by color, increasing in strength from blue, through
green, yellow, and red. Comparing these three leaves, we can see clear differences in the
contamination status in terms of radiation strength and distribution. In particular, the
Chernobyl leaf, which was collected 11 years after the nuclear accident, shows no red dots of
contamination at all, with the highest radiation appearing around the leaf capillaries and a
gradation in intensity toward the tip. This indicates that all of the contamination is internal,
occurring through absorption. This image of intensity gradation in the leaf is not unique—as
shown in Figure 6 (birch leaves)—leaves sharing the same root system are affected in the
same way. On the other hand, in the leaves from Fukushima, Figure 5b and Figure 5c, the
radiation strength differs, but, as noted, both leaves show red dots of contamination. This
difference may be due to the change in contamination status after 11 years, and suggests that
the images of contaminated leaves from Fukushima will eventually change to be similar to
those from Chernobyl.

3. PREDICTIONS FROM THE ANALYSIS OF LEAF RADIOACTIVITY
IMAGES
3.1. Future of Plant Contamination Status in Fukushima
Further, it is likely that the radiation distribution in leaves growing in contaminated areas
of Fukushima will change. Thus, rather than showing points of contamination on images,
radiation will be clearly concentrated around the leaf capillaries, weakening in a gradient to
the leaf periphery, as observed on the Chernobyl leaf. Moreover, over time, the contamination
status is projected to change from that of the leaf in Figure 7a right, which is taken from a
high-level contamination area (Masani), to that of the leaf in Figure 7a left, which is taken
from a low-level contamination area (Babchin). In fact, in leaves collected from the same
areas 8 years later, the radiation had decayed in the same way for both the high-level
contamination area and the medium-level contamination area (Figure 7b). Figure 7c shows
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image analysis of frogs taken from the high-level contamination area of Masani (Figure 7c
right) and the medium-level contamination area of Babchin (Figure 7c left). In these frogs, the
radiation had decayed by 2005, the same as in the leaves (Figure 7d).

Figure 7. Comparison of the radiocesium content in 1997 and 2005 sampled at the same place in
Belarus. (a, b) oak leaves, (c, d) frogs.

Moreover, comparisons of the 137Cs concentration between 1997 and 2005 in different
internal organs of mice, moles, frogs, and grasshoppers revealed that the radiation had
decayed during that period, just as it had in the leaves. Taking the 137Cs radioactivity (Bq/g)
in the internal organs in 1997 as 100%, and then seeking the average residual rate of 137Cs in
2005, the average residual rate in 2005 was found to be 1.99% of the radioactivity observed in
1997 for most animal species taken from high- and medium-level contamination areas. Based
on the rate of decrease (%) over the eight-year period between 1997 and 2005, the biological
half-life during this period was calculated as approximately 1.44 years [10]. Ecosystems in
Fukushima will likely follow a similar course of radioactivity decay in the future.

3.2. Changes in the Internal Contamination of Animals in Fukushima
over Time
As can be seen in Figures 3, 4, and 5, young leaves that sprouted after the accident and
leaves that were examined after some time had elapsed showed progressive internal
contamination due to absorption. However, during the initial period after the nuclear accident,
internal contamination in living organisms due to absorption was significantly lower than
surface contamination. This might be because radioactive cesium fallout has a strong affinity
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to clay soil, making it difficult for plants to absorb. Additionally, the transfer coefficient to
grains and vegetables was 0.01–0.026 [11,12]. (The transfer coefficient is defined as the
concentration in edible crop parts (Bq/g raw weight) per unit concentration in the soil (Bq/g
dry weight)). Since cesium has a strong affinity to the soil, the downward penetration of
radioactive cesium into the deep soil layer is very slow. In soil samples taken from
Fukushima in June 2011, contamination levels at a depth of 4 cm were less than one-tenth of
those at the soil surface. A similar result was reported for soil from the Chernobyl area, where
95% of the radioactive cesium remained within a 5 cm depth even 10 years after the nuclear
accident [13, 14].

Fig. 11-8
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Just after NPP accident
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Daily 137+134 Cs intake

Most radiocesium does
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Figure 8. Changes in the internal contamination of wild animals in Fukushima.

As shown in Figure 8, it is thought that herbivorous domestic and wild animals in
Fukushima consumed leaves with high-level surface contamination in the initial period after
the nuclear accident and then consumed new leaves with low-level contamination thereafter.
As a result, the time during which most radioactive cesium was internalized by wild animals
was the time when they consumed plants with the most surface contamination due to
radioactive fallout. Subsequently, the daily intake dose of cesium would have declined
significantly because they ate new leaves that sprouted after the radioactive fallout had
ceased. Moreover, half of the radioactive cesium that was released was 134Cs, which has a
physical half-life of two years. Therefore, also considering the physical decay of 134Cs itself,
after a certain period (8 years after the accident), the in vivo radioactive cesium present in
animals would decrease rapidly even if they continued to consume wild plants.
In an experiment where mice were administered a single oral dose of 137Cs, the 137Cs
declined by half in most of the internal organs within 2 days. In muscle tissue, however, the
movement of 137Cs was delayed, reaching its peak level on day 4, and then declining by half
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around day 13 [15]. This shows that 137Cs does not accumulate internally in animals, and
from this, we can predict that when the excreted amount exceeds the intake amount, the total
internal contamination will gradually decrease. However, cesium that has adsorbed strongly
to the soil gradually accumulates in shrubs and annual herbs with shallow roots, and when
these plants die and form a compost layer, the 137Cs becomes easier to absorb chemically and
will be absorbed by larger plants. Therefore, with the passage of time, the plants in
Fukushima would accumulate a certain level of radioactive cesium, similar to the leaves from
Chernobyl (Figures 6 and 7). When animals consume these leaves at a constant daily rate, the
gap between the intake and excreted amounts of radioactive cesium will narrow, and from
year 10 after the accident, the amount of internal radioactive cesium in animals is expected to
decrease more slowly. Ecological studies after the nuclear accident at Chernobyl showed two
phases of radioactive cesium decline in vivo: a rapid decline phase (early phase) and a slow
decline phase (late phase) [16, 17].

4. APPLICATION OF THE IMAGE ANALYSIS METHOD
4.1. Trees in Fukushima and Chernobyl
Figure 9 is an image of 137Cs distribution in pine trees collected from the noncontaminated (Ribzky Belarus: a, b), moderately contaminated (Babchin Belarus: c, d), and
highly contaminated areas (Masani, Belarus: e, f) in the eleventh year after the nuclear
accident at Chernobyl [9].

Figure 9. Comparison of pine trees sampled at areas of high contamination (Masani Belarus: a, b),
moderate contamination (Babchin Belarus: c, d), and no contamination (Ribzky Belarus: e, f) in 1997,
11 y after the Chernobyl Nuclear Power Plant accident. (Reprinted with permission from Wolters
Kluwer Health [9]).
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The tree rings reveal the growth status of the tree each year, and therefore record the
environmental conditions (sunlight or temperature) that influenced the tree‘s growth.
Unfortunately, there was no record of radioactive contamination from the Chernobyl
nuclear accident in the tree ring corresponding to 1986. The bark shows the highest level of
radioactivity, and the level of radioactivity decreases toward the center. The in vivo action of
137
Cs is similar to that of potassium and, therefore, is mostly present not in the 1986 tree ring,
but in the tree bark section that was growing in 1997 when the tree was collected. It is thought
that 137Cs was taken up from the roots along with nutrients and water, and was present inside
the ducts in the tree bark [5, 9].
Figure 10 shows images of the radioactive cesium distribution in tree ring cross sections
from cedar trees collected from points 0 km (a), 5 km (b), and 10 km (c) from the Fukushima
No. 1 Nuclear Power Plant on day 389 after the nuclear accident [9]. In Figure 10, all of the
images show surface contamination of the trees, and it is clear that, by one year after the
Fig. 11-10
accident,
the radioactive contamination had not yet progressed inside the tree or inside the
tree bark through absorption from the roots.
Intensity
(PSL values)
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Figure 10. Comparison of cedar trees in high-contamination areas of Fukushima. Tree trunks were
sampled at 0 km (a), 5 km (b), and 10 km (c) from Fukushima Nuclear Power Plant on day 389.
(Reprinted with permission from Wolters Kluwer Health [9]).

There is a risk of building material contamination as a result of forest contamination.
Therefore, it is possible that a large amount of timber could be discarded if the contamination
level is considered high after measuring the radiation dose at the surface. However, 137Cs is
not incorporated into biological matter in the same way as 14C, and as shown in Figure 9, it
was not locked into the 1986 tree ring corresponding to the time of the Chernobyl accident.
As discussed above, it has a similar in vivo action to potassium and is present mostly in the
wood section where there are many ducts. Therefore, even if trees have grown in
contaminated areas, it may be possible to decontaminate them by examining their
contamination status through image analysis of the tree-ring cross sections (Figures 9 and 10)
and by the comprehensive removal of the contaminated bark sections. Thus, image analysis
may also be applied when considering which sections are to be removed.
Furthermore, as shown in Figure 11, technology also enables users to visualize the
contamination status of discarded wood chips (Figure 11a) and contaminated soil before
(Figure 11b top) and after (Figure 11b bottom) decontamination.
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Figure 11. Visualized radioactivity of contaminated waste wood chips (a) and soil (c) sampled in
Fukushima.

4.2. Selection of Plants for Decontamination
A previous study described the absorption of radioactive cesium by plants as a soil
decontamination method. The candidate plants that have been shown to have high absorption
efficiency for 137Cs are those of the Amaranthaceae family, such as Amaranthus retroflexus,
Amaranthus lividus, and Achyranthes japonica, and sunflowers from Compositae [6,18-19].
However, because root lengths and sizes are different in each plant, the plant species have to
be selected carefully based on the contamination status to obtain better absorption efficiency
of radioactive cesium in shallow areas. Furthermore, it is essential to avoid the destruction of
the current ecosystem because of the introduction of these selected plants.
Thus, image analysis of leaves can be used, not only for evaluating the surface
contamination of radioactive cesium, but also as a tool for assessing the leaves and
identifying a suitable plant with good internal absorption from the plants that currently grow
in the Fukushima area. Further, this method can be used to identify plants with distinct
biological or chemical ability to accumulate radioactive cesium in the non-edible parts, as part
of realizing efficient radioactive decontamination in combination with productive farming.
Figure 12 shows the image analysis of two types of grasses growing in the same place in
the high-level contamination area within a 20-km radius of the nuclear accident site. Figure
12a shows the image analysis for short grass with shallow roots, and Figure 12b shows the
image analysis for tall grass with deep roots.
The image analysis for the short grass shows that radioactive cesium has been absorbed
not only in the roots, but also throughout the leaves. In the tall grass, the leaf shape is hardly
rendered (white arrow: part of the stalk). This shows that even within the same area,
radioactive cesium is efficiently taken in only by plants that spread their roots in the soil layer
where cesium is present.

Comparative Analyses of Leaves Contaminated with 137Cs Collected …

197

Figure 12. Comparison of the radioactivity of weeds growing in the same place. (a) Short height and
shallow-rooted weed. (b) Tall height and deep-rooted weed.

5. METHOD OF OBTAINING AND ANALYZING IMAGES
5.1. The Acquisition of the Image
Leaf samples taken from radioactive-contaminated areas were placed on a BAS imaging
plate (20 cm × 25 cm or 20 cm × 40 cm, Fujifilm Corporation, Tokyo, Japan) covered by
plastic wrap to prevent contamination, and were stored in cool, dark conditions for exposure
periods of 1 to 7 days (depending on the strength of radioactivity) (Figure 13). Latent imaging
was conducted using a scanner-type image analysis device (Typhoon FLA 7000, GE
Healthcare) to visualize the distribution of radioactivity on leaf surfaces (Figure 14).

Figure 13. Acquisition of the image of a leaf and 137Cs scale.
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Figure 14. Scanner type image analyzer. Typhoon FLA 7000 (GE Healthcare).

5.2. The Quantification of Distributed Radioactivity on a Leaf
To quantify the radioactivity on a leaf, a concentration series of 137Cs solutions (0.5, 1, 5,
10, and 50 Bq/5 μL) was prepared as a scale of radioactivity levels. Each solution was
dropped onto water-absorbent paper (diameter 6 mm) and was exposed to the imaging plate
containing leaf and wood samples (Figure 13).

5.3. Sensitivity of the Imaging Plate
Figure 15 shows the sensitivity of the imaging plate to 137Cs radioactivity. Circular papers
of 6-mm diameter (28.27 mm2) contaminated with 137Cs at respective strengths of 0.1, 1, 5,
10, 50, 100, 500, and 1000 Bq were exposed to the imaging plate for different lengths of time,
namely 3, 6, 30, and 60 s; 10 min; and 24 h. The 0.1 and 1 Bq papers, which corresponded to
a surface contamination level of 4 Bq/cm2, were able to form an image with a 24-h exposure.
At 500 Bq, the paper was able to form an image with a 3-s exposure. This shows that the
imaging plate has higher exposure sensitivity than an autoradiograph.

5.4. Quantifying 137Cs from Image Analysis
The intensity of radioactivity was assessed as the PSL (photo-stimulated luminescence)
values at 50 μm/pixel by scanner-type image analysis device (Typhoon FLA 7000, GE
Healthcare) (Figure 14). The range of PSL values was from 12,798 (background) to 65,535
(upper limit). In the images, areas of high radioactivity on leaf surfaces were represented as
darker patches, whereas low-radioactivity areas were white. Individual spot (6-mm diameter)
radioactivity on the leaves taken on day 109 after the accident in Iitate village (Figure 16c, the
area of the open circle) was roughly estimated using the dose response curve of the PSL
values of the prepared 137Cs scale (Figure 16a, b). The dose range of measurable spots was
1.5–16.0 Bq (Figure 16d). It seemed that the sizes of fallout particles scattered by the first
explosion at the Nuclear Power Plant were reflected in each radioactive spot.
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Figure 15. Exposure sensitivity of imaging plate (FUJIFILM) for 137Cs radioactivity.

Figure 16. Quantifying 137Cs from image analysis of a leaf taken on day 109 after the accident in Iitate
village.
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To visualize the semi-quantification of radioactivity on a leaf, the PSL values at 50
μm/pixel gained by the imaging plate were converted to a color gradient (blue, green, yellow,
and red) using image analysis software (Win Roof, Mitani Corporation, Tokyo, Japan), and
are shown on the right side in Figures 5 and 10. The color from blue to red represents the
level of radioactivity from background to high. The series of 137Cs radioactivity was
visualized on a color scale as Bq per area (6 mm in diameter circle) at the right bottom of
Figures 5 and 10.
To confirm the major radio-contaminants of samples, gamma spectrometry of leaves and
trees were carried out by Standard Electrode Coaxial Ge Detectors GC3018 (CANBERRA
Industries Inc. Connecticut, U.S.A.), and 137Cs and 134Cs were detected as major nuclides at
about the ratio of 1:0.98 [9].

CONCLUSION
Plants are at the bottom of the food chain for both animals and humans. Therefore, it is
important to ascertain their contamination status following a nuclear accident in order to
minimize the spread of radioactive contamination to animals and people.
Using the radioactivity image analysis introduced in this chapter, it is easy to delineate
changes in the contamination status of leaves (including surface dose distribution, leaf tissue
internal and external dose distribution, in vivo action, and change in dose distribution over
time) that cannot be determined by dose measurements made in kilogram units. Moreover, if
the leaves of evergreen trees are used for sampling, it is possible to measure the accumulated
dose of radioactivity over periods of more than one year (long term). In the case of deciduous
trees and annual grasses, this method shows the short-term contamination status over 1-year
periods. In particular, in low-level contamination areas, this method can increase detection
sensitivity by measuring the accumulated dose in evergreen trees. Furthermore, image
analysis using an imaging plate is excellent for the quantitative evaluation of radiation,
offering detection sensitivity that is dozens to several hundred times that of photographic
methods. Therefore, it can be used as a tool to monitor the radioactive contamination status of
objects other than leaves.
Looking ahead, the focus in Fukushima seems likely to shift to determining how to
decontaminate the confirmed contaminated areas, and how the actual contamination status
will change over time. Conducting long-term image analyses of the leaves from trees growing
in the same place over several years is a simple activity; however, it will enable people to
make timely responses to the contamination status as it changes over time. As such, this
image analysis method has the potential to help keep damage from radioactive contamination
to a minimum.
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