
補足資料２：放射線測定の基礎
～相互作用を捉える～

あさりよしとお「放射線ってナニモノ？」
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１：GM管に入射した放射線は、
管内部の気体や管壁面等を電離
させ、電子（と陽イオン）が発
生する。

２：発生した電子は高電圧で加速
され、それ自身も電離を起こす電
子線となる。この結果、電子数が
雪崩式に増加し、容易に検出でき
る量となる。

内部は気体 細い電線に高電圧が
かかっている。

電流を検出する
～GM管～

※ GM管（ガイガー・ミュラー管）を用いていない放射線測定器を
　「ガイガーカウンター」と呼ぶのは不正確。



Ge半導体検出器は、放射線のエネルギーを
正確に測定できる。このため核種弁別能力
が高いことが最大の利点。ただし、高価で
あるため台数を揃えることが難しい。
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Ge半導体結晶

放射線
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空乏層に入射した放射線は、電離作用
によって結晶内部に電子と正孔を発生
させるため、パルス電流が生じる。こ
の電流を測定することで放射線のエネ
ルギーを測定できる。
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空乏層

Ge半導体結晶に逆電圧をかけることで、
結晶内に空乏層を形成する。

正孔

電流を検出する
～Ge半導体検出器～



γ線のエネルギー

御影石（花崗岩）から出るγ線を測定すると、特定のエネルギーの
γ線で検出回数が多い（※）ことが分かる。

検
出
回
数

※このような図を「スペクトル」と言い、検出回数の多い場所を「ピーク」という

電流を検出する
～Ge半導体検出器～



γ線のエネルギー

検
出
回
数

609 keV

核種名  半 減 期  エネルギー（keV）   放出比（％）  備  考   

21」Bi  19．7m  46．112  β‾，α親：226Ra  
人工  主要  5．4456  
人工  主要  89．73l  
人工  0．8219  
人工  252．23d  

………：；；；：葺D 621 
2．785  β‾．IT  

人工  ・02 
）  

2．Ol  
人工  主要  9．814  
人工  132Ⅰ  ．22g   13．76   
人工  ・154 

）  

12．1  
人工   ．9732  7．2l   
人工  60．203d  ・824 

）  

β‾  

人工  ・62 
）  

2．72  
人工  91sr  ・33 

）  

2．98  
人工  91sr  ・92 

）  

7．61l  
人工  91sr  ．2  

人工  主要  
人工   97Nb  72．17m   0．469 94．4l 98．21   β－親：97zr  
人工  85．05  β‾娘：137mBa  
人工  主要   5．35  

211Bi  1．569  
人工  主要  98．7l  
機器  ＄3zn  38．01m  8．44  β＋，EC  
人工  ・83 

）  

4．98  
人工  

）   

5．24  
人工   。   1．7l  
人工  118mAg  ．6021l   10．61   
人工  3．917d  36．l  β‾  

人工  0．7113  
人工  6．454  
人工  97zr  690・6328 

）  

0．254  
Unknown  693．  

人工  33．5212d  2．94  IT・β‾娘‥壬……Te・  

人工  97zr  0．122  
214Bi  0．473  

人工  l  16．38  
211Bi  0．403  

人工  一－5．15  

人工  主要  11．3016  
人工  1．88  
人工  主要  89．73l  
人工  95zr  63．986d   43．128  β‾娘：95Nb，95爪Nb  

228Ac  726・75 
）  

0．7827  
人工  6．53  

212Bi  主要  6．32  
人工   0．6913   

－198－   

核種ごとのγ線のエネルギーはデータベース化されているため、
エネルギーを手がかりに核種を同定することができる。

電流を検出する
～Ge半導体検出器～
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²¹²Pb

²¹⁴Pb

²¹⁴Pb

²¹⁴Pb

対消滅
²⁰⁸Tl

²¹⁴Bi

²¹⁴Bi
²²⁸Ac ²¹⁴Bi

⁴⁰K

²²⁸Ac ²¹⁴Bi

このスペクトルから、御影石には²³⁸U、²³²Th、⁴⁰Kが含
まれていることが分かる（※）。

²¹⁴Pb ²¹⁴Bi

²²⁸Ac ²¹²Pb ²⁰⁸Tl

⁴⁰K

²³⁸Uの子孫核種

²³²Thの子孫核種

核種ごとのγ線のエネルギーはデータベース化されているため、
エネルギーを手がかりに核種を同定することができる。

電流を検出する
～Ge半導体検出器～

※ ²³⁸Uや²³²Thが含まれている直接の証拠はないが、例えば²²⁸Acは半減期が6.15h
しか無いため、供給源となる²³²Thが共存していると考えるのが自然である。

「子孫核種」については
補足資料３を参照



Ge半導体検出器測定例
～御影石と２号館外壁のタイルの比較～

御影石のスペクトル

２号館外壁タイルのスペクトル

¹³⁷Cs 多数のスペクトルの中から特定の
核種を検出・定量できるのがGe
半導体検出器の特長！



霧箱という装置を用いることで、以下の原理で荷電粒子の飛跡を観察できる。
講義室のような建造物内部でも、電荷を持つ宇宙線であるミューオン（μ粒
子）や、大地放射線で弾き出された電子線などを観察できる。

エタノールの蒸気が過飽和となっている空間で電離が起きる
と、電離したイオンを凝結核として霧が発生する。

１）

粒子に電荷が有る放射線は、経路に沿って直接的に電離を
起こす。

２）

エタノールの蒸気が過飽和となっている空間を、粒子に電荷
が有る放射線が通過すると、放射線の経路に沿って霧が発
生する。

３）

化学反応を検出する
～霧箱～



上図の飛跡は御影石から捕集したラドン（恐らく²²²Rn）の
α線によるもの。太く直線的な飛跡を示す。

右図の細く曲がりくねった飛跡は電子線によるもの。大地・
宇宙からのγ線によって弾き出された電子線か、何らかの天
然核種から出たβ線が見えている。

α 電子線

化学反応を検出する
～霧箱～



光の発生量は放射線のエネルギーに比例するが、
エネルギー弁別能はGe半導体検出器に劣る。
しかし、Ge半導体検出器よりは安価であるため、
多検体のスクリーニング（例えば玄米の全袋検
査）等に活用されている。

シンチレーター結晶
（NaIなど）

放射線

p

p
p

結晶に光電子増倍管を接続することで、
この微弱な蛍光を電子に変換し、増幅・
検出することができる。

NaI（ヨウ化ナトリウム）、CsI（ヨウ化
セシウム）等の結晶に放射線が入射する
と、微弱な蛍光（シンチレーション）が
発生する。

光電子
増倍管
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光子（蛍光）

化学反応を検出する
～シンチレーション検出器～

電気パルス
センサー

表面は光を反射する素材で
被覆されている。



福島県は、玄米の全量全袋検査を実施
1000万袋以上の玄米全てを検査！

化学反応を検出する
～シンチレーション検出器～
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試料放射性核種濃度
の高い部位イメージングプレート（IP）とは、特殊な結晶の粉

末を塗布したシートである。この結晶は、照射され
た放射線のエネルギーを蓄えることができるため、
試料中の放射性核種の2次元分布を把握するために
利用できる。

１）IPに試料を密着させると、試料から出た放射
線がIPに吸収される。

IP

２）特定の波長のレーザーでIPをスキャンする。

３）IPが吸収した放射線のエネルギーが可視光に
変換されて放出される。

レーザー光

発光

化学反応を検出する
～イメージングプレート～



IP測定例：モモ樹皮における放射性核種の局在

汚染されたモモの樹皮から凍結切片を作成し、IPで放射性核種の局在を可視化した。
lenticel（皮目）周辺で汚染濃度が高い様子が観察できる。
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exchange  and they exist on the bark in the form of cork. Thus, because they are 
relatively impermeable to water, they would not be expected to provide an effective 
pathway for radiocesium translocation in their typical state. Bearing this in mind, 
we generated imaging plates of the structures directly beneath the lenticels using 
peach trees collected in Fukushima as samples. We divided the lenticels into two 
groups—those with and without cracked centers. However, we were only able to 
image radionuclides in the structures below the former group of lenticels (unpub-
lished data). The fact that radionuclides were only detected beneath cracked lenti-
cels suggests that radionuclides were absorbed in these locations. The size of 
lenticels on peach tree bark varied substantially with branch age, but a greater num-
ber of lenticels with cracked centers were observed on older branches and these may 
be the locations where radiocesium was absorbed and translocated internally. In 
addition, physical injury to the branches did not only occur in the lenticels. Using 
imaging plates, we detected intense imaging in areas that had been scarred by prun-
ing. In these areas, the surface was rough, which made it easier for dust accumula-
tion, which may contain radiocesium. Thus, it is quite possible that these areas 
served as points for radiocesium absorption and subsequent inward translocation.

   It has been reported that the concentration of radiocesium in bark decreased from 
summer to winter and that this was related to the sloughing away of the epidermal 
layer of the bark as the tree trunks expanded (Takata et al.  2012f ). In ongoing exper-
iments using washed peach trees, we have confi rmed that the bark concentration of 
radiocesium did not change substantially between the winter and spring of 2012 
(Takata et al.  2012a ). This suggests that radiocesium strongly bound to the bark 
itself did not translocate inward during this time period. However, the concentration 
of radiocesium in the wood decreased from winter to spring. Reduction in the 

  Fig. 14.4    Imaging plate of lenticel in “Akatsuki” peach (grown in Fukushima). The photo and 
image was obtained by Atsushi Hirose (University of Tokyo)       

D. Takata

（Agricultural Implications of the 
Fukushima Nuclear Accident p.152）



IP測定例：参考図書のデータ紹介
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small. The fi rst song of the bush warblers in mid-March was almost “perfectly” 
performed at this highland. These observations suggest that the males caught in 
mid-August had bred in the area with high radioactivity contamination for 5 months. 
However, we cannot ascertain whether they were present when the F1-NPP accident 
occurred on March 11, 2011. 

 My results and the habits of the bush warbler population in Fukushima suggest 
that examinations of feather contamination estimate the level of radiation exposure 
of individual birds.  

  Fig. 12.6    IP fi gures of the bush warbler feathers, after 3 days of contact, D-h and D-i; Abukuma 
mountains, August 2011, E; Abukuma Mountains, October 2011, Ja; Abukuma Mountains, August 
2012, Chichibu mountains, 250 km southwest of F1-NPP, August 2011 and October 2011. For D-i, 
the image shows a feather that was cleaned using Kimwipes and ethanol, followed by an ultrasonic 
cleaner. The Abukuma—August-2011 feather produced an abundance of contamination  dots . The 
 red circle  indicates the paper fi lter contact image after percolation with the ultrasonic cleaning 
water of feather D-i. The outline of D-h and D-i feathers are clear and it indicates that the whole 
feather was highly contaminated. The  thick dots  indicate intensive (very high) radioactive contami-
nation. The 11 control  dots  at the  top  indicate 2-Bq radiation and those, which are reduced sequen-
tially twofold (from 2 to 1/512 Bq) from  left  to the  right        

K. Ishida
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extracted by a boiling water treatment followed by nitrate leaching. We have very little 
knowledge about this fallout, including its chemical form and properties, but huge 
amounts of this relatively insoluble radioactive fallout are still bound to organic matters 
in paddy fi elds and litter in mountain forests (Fig.  3.5 ). Because it will take several years 
before the litter on the forest fl oor decomposes completely, the release of radiocesium 
from the litter to the environment will probably last for a long period. Thus, it is neces-
sary for agricultural, soil science, plant nutrition, and forestry scientists to collaborate in 
the continued long-term monitoring of radiocesium in regional ecosystems.

3.5        Can Breeding Resolve the Problem? 

 We have discussed the possible mechanism of radiocesium contamination in rice 
from an ecological perspective; besides, breeding new rice cultivars that absorb less 
radiocesium is another important approach that may solve the problem. Thus, we 
screened rice varieties to acquire basic information relevant to future breeding 
efforts. Over 100 rice varieties were grown using highly contaminated soil and their 
radiocesium uptake capacities were measured during the vegetative stage. The radi-
ocesium uptake during the vegetative phase was generally higher in  japonica  variet-
ies compared with  indica  varieties. The only exception was Pokkali rice, a famous 
salt-tolerant  indica  variety, which had a higher radiocesium uptake capacity than 
any of the  japonica  varieties we tested. However, the overall range of genetic varia-
tion in the radiocesium uptake capacity was only threefold. 

 We also need to study the radiocesium accumulation level during the reproduc-
tive stages before we conclude the study; however, the present results suggest that 
the genetic variation in radiocesium uptake by rice is not suffi ciently high to breed 

  Fig. 3.5    Radioactivity in fallen leaves collected from the forest litter in Nihonmatsu-shi 8 months 
after the Fukushima disaster.  Left , leaves;  right , radioactivity detected using the imaging plate. The 
two leaves in the box were rinsed before measurements but they still contained scattered 
radiocesium       

 

3 Radiocesium Absorption by Rice in Paddy Field Ecosystems99

 

and total cesium radioactivity = 152 Bq/kg; Fig.  10.1 ). The signal distribution in the 
backbone and skin indicated that the positive signals in these areas were attributable 
to the attached muscle tissues. No obvious signal was detected in bonefi sh (body 
weight = 685 g and total Cs radioactivity = 17 Bq/kg). Radioactive substances were 
also detected in the muscle and fi ns of nibe croaker (body weight = 368 g and total 
cesium radioactivity = 515 Bq/kg; Fig.  10.2 ).

    The Daigo Fukuryu Maru (fi shing vessel) operating near Bikini Atoll in 1954 
was affected by the nuclear fallout from a US hydrogen bomb test. Saiki et al. 
( 1955 ) analyzed dorado ( Coryphaena hippurus ) caught in the Pacifi c Ocean and 
detected high radioactivity levels in the liver, kidney, spleen, and pyloric appendage 
and relatively high levels in the skin and gills. 

 It is important to note that the uncontaminated white croaker captured in the East 
China Sea also produced positive signals in similar tissues, which almost exceeded 
the signal intensity detected in the contaminated white croaker (total radioactivity 
of Cs = 55 Bq/kg) captured near Fukushima (Fig.  10.3 ; Watabe et al.  2013 ).

   A disadvantage of the IP system is that it detects all radiations, which can only 
be ascribed to specifi c radionuclides if they are known to be present. Thus, a ger-
manium semiconductor detector (SGD-GEM-5030P4, Ortec, Seiko EG&G Co. 
Ltd., Tokyo, Japan) was used to detect the radioactivity levels of  134 Cs and  137 Cs, 
which showed that the naturally occurring  40 K was present in addition to signals 
produced by  134 Cs and  137 Cs (Fig.  10.4 ; Watabe et al.  2013 ). Similarly high 

  Fig. 10.1    Image plate analysis of various tissues from Pacifi c cod and bonefi sh (Watabe et al. 
 2013 )       

10 Radiocesium Contamination of Marine Fish Muscle and Its Effective Elimination
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230 km far from the nuclear power plant, the infl uence of low level contamination 
to the agricultural products are studied. Especially for fruit trees, the radioactivity 
throughout the tree tissue was scrutinized. They found that the small amount of 
radioactivity can be transferred from bark skin to the xylem tissue, which was esti-
mated as the main route for radiocesium accumulation in fruits. 

 In the case of The University of Tokyo Forests, litters or mushrooms were col-
lected and the radioactivity was measured. It was noted that some kind of mush-
rooms selectively collected the very old radioactive fallout, about 40 years ago, 
when open test of atomic bomb was conducted.  

1.3     Fallout on Soil 

 The initial information we got was as follows. In the case of soil, most of the 
radioactivity was detected in the surface, 2–3 cm of soil in the fi elds of 
Fukushima (Fig.  1.3 ). Many pipes were prepared on the ground and the radioac-
tivity profi le along with the depth was measured (Shiozawa et al.  2011 ). The left 
fi gure in Fig.  1.3  shows the radioactivity profi le in the soil. When the farming 
soil was collected and the radioactivity images were taken by an imaging plate, 
radioactivity was found as spots. The radiograph of the soil showing that the 
contamination was not uniform in the soil suggested that the radioactive nuclides 
were adsorbed at particular site of the soil. The soil was crashed and separated 
to fi nd out which part of the soil the radioactivity was accumulated. The highest 
radioactivity was measured in two fractions, the fi nest fraction, clay, and an 
organic layer, which was the debris of the fallen plant tissue and was not yet 
decomposed completely by microorganisms.
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  Fig. 1.3    Fallout on soil. Most of the radioactivity was detected in the surface of soil in the fi elds 
of Fukushima ( left ). The contamination was not uniform in the soil suggested that the radioactive 
nuclides were adsorbed at particular site of the soil ( middle ). Many pipes were prepared on the 
ground and the radioactivity profi le along with the depth was measured ( right )       
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  Fig. 2.2    Autoradiographic image of the wheat cultivar “Kinuazuma” obtained using an IP. The 
samples are from the same fi eld as those shown in Fig.  2.1 . “FL” indicates a fl ag leaf whereas the 
leaf positions are numbered from the top of FL to the bottom. The leaves indicated by  blue arrows  
had not emerged by March 26th, 2011, which is also indicated in Table  2.1 . The image ( c ) is a 
superposition of the images ( a ) and ( b ). There were three replicates for each analysis       
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a b c a b c

  Fig. 2.3    Autoradiographic images of the wheat cultivars “Yukichikara” and “Abukumawase” 
obtained using an IP. The samples were collected on the same day as “Kinuazuma,” which is 
shown in Fig.  2.2 . “FL” indicates a fl ag leaf and the leaf position is numbered from top to the 
 bottom. The leaves indicated by  blue arrows  had not emerged by March 26th, 2011, which is also 
indicated in Table  2.1 . ( a ) Shows the visible image, ( b ) is the autoradiographic image obtained 
using an IP, whereas image ( c ) shows a superposition of the images ( a ) and ( b ). There were three 
replicates for each analysis       

 

 

2 Behavior of Radiocesium Adsorbed by the Leaves and Stems of Wheat Plant…

森林の落ち葉魚の組織

野鳥の羽 畑で栽培されていたムギ汚染土壌
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2

3

試料α線放出核種濃
度の高い部位CR-39は、α線等に反応するプラスチック。電子線

や光子線には反応しない点が特長。

１）CR-39に試料を密着させると、試料から出た
α線がCR-39に化学反応を起こす。

CR-39

２）CR-39をアルカリ溶液に浸すと、α線が当
たったところが選択的に溶けて傷ができる。

３）顕微鏡で観察したり、側面から光を当てて散
乱光を見ることで、α線放出核種の分布を2次元
的に可視化できる。

アルカリ溶液処理（エッチング）

化学反応を検出する
～CR-39～

傷が大きくなって観察できる



市販されている魚の筋肉と幽門垂をペースト状にしてフリーズドライした試料に
CR-39を3ヶ月間コンタクトし、その後エッチング処理を行った。

CR-39測定例：市販魚類の筋肉と幽門垂

短冊状のCR-39を
被せて3ヶ月間冷凍



市販されている魚の筋肉と幽門垂をペースト状にしてフリーズドライした試料に
CR-39を3ヶ月間コンタクトし、その後エッチング処理を行った。

水酸化ナトリウムでエッチング後、LEDで照らして
散乱光を観察すると、傷が見える

CR-39測定例：市販魚類の筋肉と幽門垂



幽門垂にα線放出核種が存在する（恐らく²¹⁰Po）

CR-39測定例：市販魚類の筋肉と幽門垂

²¹⁰Poは²³⁸Uの子孫核種で、日本人の自然被ばくへの寄与が大きい天然核種の一つ。
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