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1. 背景・目的
福島農林水産の現状、
放射能モニタリング、
リアルタイムストロンチウム90カウンター

2. 方法
宇宙線除去装置(veto)の設計のための測定

3. 結果・考察
結果と仕様決定

4. 結論
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福島の農林水産の現状
背景・目的
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参考：福島県農林水産課統計データ/ Agriculture, Forestry and Fisheries 
Department of Fukushima Prefecture, reports and statistical data.
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環境中サンプル放射能モニタリング
背景・目的

年 月 全検体数
100Bq/kg超
の検体数

100Bq/kg超
の割合（％）

不検出
の検体数

不検出
の割合（％）

平成28 1 464 0 0.0 423 91.2
2 754 0 0.0 700 92.8
3 750 0 0.0 703 93.7
4 720 0 0.0 677 94.0
5 731 0 0.0 675 92.3
6 836 0 0.0 804 96.2
7 780 0 0.0 754 96.7

年計 5,035 0 0.0 4,736 94.1
　　　※1　検体採取日を基準として集計
　　　※2　検体採取日を基準として集計魚介類に含まれる放射性セシウムの基準値は100Bq/kg

詳細は「ふくしま新発売」をご参照ください。
http://www.new-fukushima.jp/monitoring/
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図 検体数と放射性Csが100Bq/kgを超えた割合・NDの割合

100Bq/kg超の検体数

100Bq/kg以下の検体数

100Bq/kg超の割合

NDの割合
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参考: https://www.pref.fukushima.lg.jp/site/portal/gyokai-
monitoring.html.

H. Nabeshi et al., Food Hygiene and Safety Science, 56 (4) (2015) 133. 
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Table 2.　Results of 90Sr analysis (r-Cs positive samples)

Sample1), 2) Food 
category

Weight of sample 
used for Sr analysis Total Cs 137Cs 90Sr

Sr  
recovery  

rate
Ash 

weight

Fresh 
weight 
(Corres-
ponding 
value)

Radio-
active 
conc.3)

Radio-
active 
conc.3)

Radio-
active 

conc.3),4)

Counting 
error LOD5)

(g) (g) (Bq/kg） (Bq/kg） (Bq/kg） (Bq/kg） (Bq/kg）

Codfish A

Sea fish and 
shellfish

3.72 300 34 24 * * 0.07 0.923
Codfish B 8.44 500 99 63 * * 0.04 0.979
Fat greenling 13.65 500 17 10 * * 0.04 0.912
Flatfish*1 19.35 500 24 17 (0.46)6) (0.05)6) (0.09)6) 0.403
Marbled flounder*1 22.22 500 30 19 0.18 0.05 0.1 0.788

Pond smelt A*1

Freshwater 
fish and 
shellfish

17.28 800 28 19 0.073 0.02 0.03 0.731
Pond smelt B*1 17.12 800 34 22 0.11 0.02 0.03 0.839
Pond smelt C*1 11.25 500 28 17 0.15 0.03 0.04 0.892
Loach*1 27.14 1000 6.4 4.0 0.10 0.01 0.02 1.011

Rice bran A

Rice

10.79 100 720 390 * * 0.2 0.841
Rice bran B 9.79 100 1000 560 0.27 0.08 0.2 0.874
Brown rice A 12.8 1000 98 54 0.036 0.009 0.02 0.800
Brown rice B 12.33 1000 160 90 0.040 0.009 0.02 0.805
Brown rice C 12.95 1000 77 44 * * 0.02 0.840
Brown rice D 6.44 1000 89 54 0.071 0.02 0.04 0.914

Crude wheat A
Grains

17.50 1000 130 68 0.16 0.01 0.02 0.903
Crude wheat B 17.55 1000 150 81 0.057 0.01 0.02 0.799
Wheat bran 19.51 400 1100 580 0.57 0.04 0.06 0.848

Soy bean Beans 26.51 500 250 140 0.28 0.02 0.04 0.947

Beef A

Beef

8.41 1000 550 300 * * 0.02 0.976
Beef B 2.72 500 3500 1900 0.081 0.02 0.04 0.880
Beef C 6.91 1000 770 420 0.028 0.007 0.02 0.929
Beef D 8.12 1000 530 350 * * 0.02 0.948
Beef E 8.34 1000 470 300 * * 0.02 0.904

Shiitake mushroom A

Others

5.77 1000 39 25 0.029 0.008 0.02 0.896
Shiitake mushroom B 1.50 250 100 64 0.12 0.03 0.1 0.841
Shiitake mushroom C 4.30 800 43 30 * * 0.03 0.892
Shiitake mushroom D 3.00 450 34 25 * * 0.05 0.897
Shiitake mushroom E 4.41 500 110 71 * * 0.04 0.854
Shiitake mushroom F 1.09 170 48 34 * * 0.1 0.895
Dried shiitake mushroom A*2 5.43 120 2000 1300 0.42 0.08 0.2 0.837
Dried shiitake mushroom B*2 13.70 300 240 170 0.80 0.05 0.07 0.862
Nameko mushroom 0.43 95 590 410 * * 0.2 0.924
Kuritake mushroom 0.6 140 970 690 0.52 0.07 0.2 0.864
Tawny milkcap mushroom 0.2 22 31000 19000 * * 0.9 0.898
Mixture of some kinds of mushrooms 0.81 250 120 87 * * 0.1 0.916
Green tea*2 10.38 200 3500 1800 0.60 0.06 0.1 0.986
Mulberry leaf tea*2 24.74 200 310 180 3.7 0.2 0.1 0.737
Horsetail 3.20 160 800 500 0.87 0.08 0.1 0.881
Bracken 8.60 1000 430 300 0.30 0.02 0.02 0.923

1) *1 indicates that samples were analyzed whole (including bones).
2) *2 indicates dried samples. Weight of these samples was not fresh weight but dried weight.
3)   Radioactivity of cesium (134Cs and 137Cs) and 90Sr was corrected for attenuation (reference date was the date of sample collec-

tion).
4)   In the case where the counting rate was more than 3-times higher than the counting rate error, concentration of 90Sr is shown 

to two significant figures. In the case where the counting rate was less than 3-times higher than the counting rate error, concen-
tration of 90Sr is shown as *.

5) Limit of detection (LOD) of 90Sr is shown to one significant figure.
6) 90Sr concentration was regarded as a reference value because Sr recovery rate was significantly low.
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チェレンコフ検出を応用したReal-time 90Sr Counter
背景・目的
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核種 崩壊チャンネル
半減期

主なβ線 (MeV) 主なγ線 (MeV)

90Sr Sr#$ → Y#$ → Zr#$

29y 64h
0.54	(100%)
2.28 (100%)

137Cs Cs*+, → Ba*+,

30.2y
0.514	(94.4%)
1.176	(5.6%)

0.662	(85.1%)
0.032 (5.8%)

134Cs Cs*+/ → Ba*+/

2.06y
0.089	(27.3%)
0.415	(2.5%)
0.658	(70.2%)

0.605	(97.6%)
0.796	(85.5%)
1.365	(3.0%)

40K K/$ → Ar/$ , K/$ → Ca/$

1.251	×	10#y
1.31 (89.1%) 1.461	(10.7%)

β線(1.31 MeV)をチェレンコフ放射のしきい
値のために必要な屈折率は1.042
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背景・目的
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波長変換ファイバー

シリカエアロゲル

光電子増倍管

チェレンコフ検出を応用したReal-time 90Sr Counter
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性能仕様とアップグレード

Fig. 2. The sketch of structure of the real-time 90Sr counter consisting of the trigger counter (trigger) using
scintillating fiber, the aerogel Cherenkov counter (AC) with wavelength shifting fibers (WLSFs), and the veto
counter (veto) for suppression of cosmic ray. The magenta, blue, and black arrows represent the charged parti-
cle, the gamma-ray and knocked out electron, respectively. The yellow cone shape and spreading shape denote
Cherenkov radiation and scintillation emission, respectively.

Table I. The absolute efficiencies

parameter value/ Bq−1s−1

ηSr (2.24 ± 0.01 (stat) ± 0.44 (sys)) × 10−3

ηCs (1.27 ± 0.08 (stat) ± 0.25 (sys)) × 10−6

ηK (5.05 ± 2.40 (stat) ± 0.15 (sys)) × 10−5

that the sample has 137Cs of 100 Bq/kg defined by Japanese Government. In nature, the seafood and
the seawater have 40K of approximately 150 Bq/kg and 12.1 Bq/kg, respectively. In this section, the
detection limit of 90Sr activity is discussed.

The activity of 90Sr, 137Cs, and 90K including the sample with unit mass are defined as A′Sr, A′Cs,
and A′K, respectively. It is assumed A′Cs is 100 Bq/kg and A′K is 150 Bq/kg (seafood) or 12.1 Bq/kg
(seawater). When the sample is set in the detector, the count number is given as by:

N =
(
ηSrA′Sr + ηCsA′Cs + ηKA′K

)
mε−1T + NBG, (3)

where m denotes the sample mass of 30 g, ε is compressibility of 0.3 (seafood) or 0.01 (seawater), T
is inspection time of 3600 seconds. The count number of background is given as by:

N′BG =
(
ηCsA′Cs + ηKA′K

)
mε−1T + NBG. (4)

The detection limit of the activity of 90Sr (Amin
Sr ) is derived by:

Amin
Sr =

3
√

NBG + (ηCsA′Cs + ηKA′K)mε−1T

ηSrmε−1T
, (5)

5

If	veto	eff.	improved	to	99.9%	or	more,	NBG would	be	
suppress	to

𝑁<= = 1± 1	cph.
Thus,	𝐴DEFGH was	expected	to	improved	to
1.2	Bq/kg	(seafood)	and	0.15	Bq/kg	(seawater)

H.	Ito	et	al.,	Conference	of	iSRD2016.

Fig. 2. The sketch of structure of the real-time 90Sr counter consisting of the trigger counter (trigger) using
scintillating fiber, the aerogel Cherenkov counter (AC) with wavelength shifting fibers (WLSFs), and the veto
counter (veto) for suppression of cosmic ray. The magenta, blue, and black arrows represent the charged parti-
cle, the gamma-ray and knocked out electron, respectively. The yellow cone shape and spreading shape denote
Cherenkov radiation and scintillation emission, respectively.
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that the sample has 137Cs of 100 Bq/kg defined by Japanese Government. In nature, the seafood and
the seawater have 40K of approximately 150 Bq/kg and 12.1 Bq/kg, respectively. In this section, the
detection limit of 90Sr activity is discussed.
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5

主な仕様

n 90Sr(90Y)に高い感度を持ち、他核種には低感度

n 化学的前処理不要

n 試料は薄く(1	mm)伸ばして、水分を飛ばす

n １時間測定で検出限界は

で表せられる（線源試験結果より）。

n 現在の性能限界は 38	Bq/kg (海産物)、1.2	Bq/kg (海水)
n 用途： 海産物・土壌・排水の汚染濃度監視モニタ

背景・目的

𝑁<= = 190 ± 5	cph
veto	eff. ~72.7%
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方法
宇宙線除去装置(veto)の設計のための測定

宇宙線を用いた測定
セットアップ
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厚さ5 mmプラスチックシンチレータ
WLSF： Y-11(クラレ社)

仕様設計を決めるために必要なパラメータ

• 波長変換ファイバーの減衰長
• シンチレータ内伝搬による減衰
• 側面研磨あり・なし
• ファイバー反対面の反射材
• ラッピング材質
• ファイバーのクラッド構造
• シンチレータ厚さと光量の関係
• 光学グリスによる効果

目標検出効率99.9%以上 = 17 p.e. 以上

シンチ幅

ファイバー長
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方法
宇宙線除去装置(veto)の設計のための測定

• 波長変換ファイバーの減衰長

Scintillator wide-length (mm)
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Fiitting function: p0 exp(-(x-50)/p1)
/ndf = 3.47/22χ                 : 

 0.036±                 : p0 = 3.977 
 14.5±                 : p1 = 312.2 

Fiitting function: p0 exp(-(x-50)/p1)
/ndf = 0.56/22χ                 : 

 0.141±                 : p0 = 3.781 
 142.6±                 : p1 = 927.5 

減衰長 312 mm
シンチ幅2倍で66%へ減衰

WLSF propergation length (mm)
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    Fitting func.: p0 exp(-(x-150)/p1)
/ndf = 3.61/12χ                 : 

 0.1049±                 : p0 = 5.217 
 29.0±                 : p1 = 525.8 

    Fitting func.: p0 exp(-(x-150)/p1)
/ndf = 4.26/12χ                 : 

 0.112±                 : p0 = 6.758 
 2472±                 : p1 = 4258 

    Fitting func.: p0 exp(-(x-150)/p1)
/ndf = 70.3/12χ                 : 

 0.23±                 : p0 = 5.23 
 50.0±                 : p1 = 519.2 

    Fitting func.: p0 exp(-(x-150)/p1)
/ndf = 0.83/12χ                 : 

 0.193±                 : p0 = 6.81 
 1866±                 : p1 = 3423 

Polishing with 4 side faces
No polishing

減衰長 519 mm
ファイバー長
190mm -> 320mmで
60%へ減衰

• シンチレータ内伝搬による減衰
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方法

H.	ITO,	STUDY	OF	NOISE	SUPPRESSION	FOR	A	REAL-TIME	 90SR	COUNTER

Thickness of scintillators (mm)
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Result
      Fitting function: p0*x + p1

/NDF: 7.41/2.002χ       
 0.0221±       p0: 1.3022 
 0.3444±       p1: 0.9869 

塗る前： 30.1±0.7 p.e.

塗った後： 36.7±0.3 p.e.

(1.22倍UP)

光学グリスをシンチ間に塗った場合

さらにシンチとWLSF間に塗った場合

塗る前： 26.7±0.2 p.e.

塗った後： 30.1±0.7 p.e.

(1.12倍UP)

シンチ厚さによる光量変化

シンチ幅 100 mm

ファイバー長 190 mm

ダブルクラッド

ファイバー反対側に反射材

宇宙線除去装置(veto)の設計のための測定
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結果・考察
結果と仕様決定

H.	ITO,	STUDY	OF	NOISE	SUPPRESSION	FOR	A	REAL-TIME	 90SR	COUNTER

350

200

35050

350
50

50

200

波長変換ファイバー

プラスチックシンチレータ

アルミマイラー

①

②

③

345×200×20	mm+

平均光電子数 45	p.e.

345×47×15	mm+

200×47×10	mm+

200

47

47

①

②

③

350

200

200

50

①

②

③

New	Veto	Counter	Design

平均光電子数 50	p.e.

平均光電子数 42p.e.	
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n ストロンチウム90カウンター性能向上のための宇宙線除去装置
の設計

n アップグレードした宇宙線除去装置(veto)の検出効率は99.9%以
上を達成した。

n その結果、検出限界は1時間測定で
1.2 Bq/kg (fish), 0.15 Bq/kg (water)

に向上される。

結論

Thank you for your attention.
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Back up
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背景・目的

光電子増倍管

波長変換ファイバー

プラスチックシンチレータ

サンプル

宇宙線ベトー装置

トリガー

波長変換ファイバー

シリカエアロゲル

アルミ遮蔽板

チェレンコフ検出を応用したReal-time 90Sr Counter
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90Sr危険性と放射能測定
背景・目的

Food Hyg. Saf. Sci.　Vol. 56, No. 4136

3. Measurement of r-Cs
R-Cs concentrations in food samples were measured 

with an HPGe γ-spectrometer. The fresh food samples 
were chopped and homogenized then poured into the 
measurement containers. According to the sample 
weight, density and concentration of r-Cs, the measure-
ment time was adjusted between 10 min and 12 hr. To 
calculate the r-Cs concentration from the counting data 
acquired by the HPGe γ-spectrometer, analytical soft-
ware (Gamma Explorer; Canberra) was used. The ma-
trix was set to “water” or “ash (dry food)” and self-ab-
sorption was corrected by an algorithm within the 
analytical software. Results were corrected for the sum 
effect and for attenuation (reference date was the date of 
collection). According to the method described in Radio-
activity measurement series No. 76), the concentrations 

of 134Cs and 137Cs were calculated. We define the concen-
tration of radioactive cesium as the sum of the individu-
al concentrations of 134Cs and 137Cs.

4. Measurement of 90Sr
Measurement of 90Sr was carried out in accordance 

with the ion-exchange method or ferric chloride co-pre-
cipitation method as described in Radioactivity mea-
surement series No. 27). The flow chart corresponding to 
the 90Sr analysis method is summarized in Fig. 1.

Food samples were ashed at 600℃ for 27 hr. Ash sam-
ples corresponding to 1 kg fresh weight were used for 
90Sr analysis. If the sample amount was small or includ-
ed high levels of calcium, the amount of sample ash used 
for 90Sr analysis was reduced. β-Rays emitted by 90Y 
were counted for 60 min per sample by a low back-

Fig. 1. Flow chart fo 90Sr analysis method used in this study

従来の化学生成抽出による
90Sr放射能測定法
(3週間〜1か月)
文科省,	放射性ストロンチウム分析法

(2003)	放射能測定法シリーズ 2

Strontium-90	decay

Sr#$ → Y#$ → Zr#$

β max: 0.55	MeV
T*/c = 29.1	y

β max: 2.28	MeV
T*/c = 64	h

90Sr	+	90Y
放射平衡（永続平衡）

シンチレーション検出法の限界

• β線は連続的なエネルギー
• 表面汚染検査
• 他核種のβ+γ線、宇宙線と区別が困難
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背景・目的
90Sr危険性と放射能測定

ICRP	Publ.71	 (1995)

AGE-DEPENDENTDOSESFROMINTAKEOFRADIONUCLIDES 115 

Table 5.10.3(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Sr-90 (T% = 29.1 y). 

Particulate Aerosol: AMAD = 1 urn. Absorotion Twe F. 
Age at intake 3 Months 

fl 0.6 
1 i Year -5 Years- 

0.4 0.4 
10 Years 
0.4 

15 Years Adult* 
0.4 0.3 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 
Lungs 

Skin 
Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

6.6E-09 
8.83-09 
1.3E-06 
6.63-09 
6.6E-09 

6.63-09 
7.OE-09 
7.OE-09 
2.2E-08 
5.63-08 
3.7E-08 
6.6E-09 
6.6E-09 
6.6B-09 
6.6E-09 
6.6E-09 
8.6E-07 

1.8E-08 
6.73-09 
6.63-09 
6.63-09 
6.6E-09 
6.6E-09 
6.63-09 
6.63-09 
6.63-09 

1.2E-09 
2.53-09 
7.43-07 
1.2E-09 
1.2E-09 

1.2E-09 
1.3E-09 
1.3E-09 
4.23-09 
l.lE-08 
7.23-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
2.63-07 

3.33-09 
1.3E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 

4.33-09 2.OE-09 
5.93-09 3.53-09 

7.7E-10 
1.8E-09 
1.2E-06 
7.7E-10 
7.7E-10 

5.9E-10 
1.3E-09 
3.73-07 
5.9E-10 
5.9E-10 

5.9E-10 
6.2E-10 
6.4E-10 
1.8E-09 
S.OE-09 
3.23-09 
5.9E-10 
5.9E-10 
5.9E-10 
5.9E-10 
5.9E-10 
1.6E-07 

5.83-07 4.53-07 
4.33-09 2.OE-09 
4.33-09 2.OE-09 

4.33-09 2.OE-09 7.7E-10 
7.9E-10 
8.1E-10 
2.33-09 
5.83-09 
3.83-09 
7.7E-10 
7.7E-10 
7.7E-10 
7.7E-10 
7.7E-10 
3.3E-07 

4.53-09 2.lE-09 
4.73-09 2.23-09 
1.6E-08 7.1E-09 
4.33-08 1.9E-08 
2.83-08 1.2E-08 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
3.33-07 1.9E-07 

1.2E-08 5.1E-09 
4.33-09 2.1E-09 
4.33-09 2.OE-09 

1.9E-09 1.7E-09 
8.OE-10 6.1E-10 
7.7E-10 5.9E-10 

4.33-09 2.OE-09 
4.33-09 2.OE-09 

7.7E-10 5.9E-10 
7.7E-10 5.9E-10 

4.33-09 2.OE-09 
4.3E-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 

7.7E-10 5.9E-10 
5.9E-10 
5.9E-10 
5.9E-10 

7.7E-10 
7.7E-10 
7.7E-10 

Effective Dose 1.3E-07 5.2E-08 3.1E-08 4.1E-08 5.3E-08 2.4E-08 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 

* In the biokinetic model for Sr parameter values for the adult apply to 
ages 2 25 y. For radioisotopes of this element the dose coefficients for 
the adult are based on the 50-y integrated doses following an acute intake 
at age 25 y. 
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Table 5.20.2(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Cs-134 (T'h = 2.06 y). 

Particulate Aerosol: AMAD = 1 urn. Absorption Type F. 
Age at intake 3 Months 

fl 1.0 
i Year 
1.0 

5 Years 
1.0 

10 Years 15 Years 
1.0 1.0 

l.OE-08 
9.53-09 
9.63-09 
8.73-09 
7.3E-09 

l.OE-08 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 5.83-08 
Lungs 9.OE-09 

Skin 7.OE-09 

9.43-09 
l.OE-08 
1.3E-08 
1.8E-08 
1.5E-08 
9.63-09 
9.83-09 
8.9E-09 
l.lE-08 
l.lE-08 
8.43-09 

Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

9.7E-09 
8.53-09 
l.OE-08 
l.OE-08 
l.OE-08 
3.33-08 

6.23-09 4.7E-09 
5.8E-09 5.1E-09 
5.93-09 4.43-09 
5.33-09 4.OE-09 
4.43-09 3.2E-09 

5.33-09 
4.9E-09 
5.OE-09 
4.33-09 
3.53-09 

6.2E-09 4.43-09 4.93-09 
5.5E-09 4.33-09 4.53-09 
6.6E-09 4.9E-09 5.53-09 
8.OE-09 5.43-09 5.3E-09 
l.lE-08 7.23-09 6.4E-09 
9.53-09 6.23-09 5.83-09 
5.93-09 4.53-09 5.OE-09 
6.OE-09 4.53-09 5.lE-09 
5.53-09 4.03-09 4.53-09 
6.8E-09 5.1E-09 5.63-09 
6.5E-09 4.93-09 5.63-09 
5.23-09 4.OE-09 4.73-09 

4.93-08 2.73-08 
5.53-09 4.1E-09 
4.23-09 3.1E-09 
6.OE-09 4.53-09 
5.23-09 3.93-09 
6.23-09 4.43-09 
6.33-09 4.73-09 
6.53-09 5.OE-09 
2.73-08 1.6E-08 

1.8E-08 
4.6E-09 
3.3E-09 
5.1E-09 
4.3E-09 
4.9E-09 
5.1E-09 
5.6E-09 
l.lE-08 

Adult 
1.0 

6.73-09 7.OE-09 
5.83-09 6.8E-09 
6.33-09 6.7E-09 
5.OE-09 5.2E-09 
4.63-09 4.83-09 

6.1E-09 
5.9E-09 
6.7E-09 
6.43-09 
6.63-09 
6.53-09 
6.33-09 
6.33-09 
5.5E-09 
6.9E-09 
7.OE-09 
5.9E-09 

6.33-09 
6.33-09 
7.OE-09 
6.8E-09 
7.6E-09 
7.1E-09 
6.6E-09 
6.73-09 
5.93-09 
7.23-09 
7.33-09 
6.33-09 

1.4E-08 
5.8E-09 
4.1E-09 
6.33-09 
5.53-09 
6.1E-09 
6.1E-09 
7.OE-09 
9.73-09 

1.2E-08 
6.OE-09 
4.4E-09 
6.63-09 
5.93-09 
6.33-09 
6.33-09 
7.3E-09 
9.1E-09 

Effective Dose l.lE-08 7.3E-09 5.23-09 5.3E-09 6.33-09 6.63-09 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 
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Table 5.20.4(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Cs-137 (T% = 30.0 y). 

Particulate Aerosol: AMAD = 1 ).nn, Absorption Type F. 
Age at intake 3 Months 1 Year 

fl 1.0 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver- 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 
Lungs 

Skin 
Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

1.0 
5 Years 10 Years 15 Years Adult 
1.0 1.0 1.0 1.0 

7.4E-09 4.43-09 3.23-09 3.63-09 4.53-09 4.73-09 
7.8E-09 4.73-09 3.83-09 3.83-09 4.53-09 4.9E-09 
7.33-09 4.33-09 3.1E-09 3.53-09 4.43-09 4.63-09 
6.93-09 4.OE-09 2.9E-09 3.1E-09 3.83-09 4.OE-09 
6.43-09 3.7E-09 2.6E-09 2.9E-09 3.63-09 3.8E-09 

7.43-09 
7.63-09 
7.63-09 

4.33-09 3.1E-09 3.43-09 
4.33-09 3.1E-09 3.33-09 
4.53-09 3.33-09 3.63-09 
7.OE-09 4.33-09 4.1E-09 
1.2E-08 6.6E-09 5.53-09 
9.23-09 5.3E-09 4.73-09 
4.3E-09 3.1E-09 3.4E-09 
4.33-09 3.1E-09 3.53-09 
4.1E-09 2.93-09 3.23-09 
4.63-09 3.33-09 3.7E-09 
4.53-09 3.23-09 3.73-09 
4.OE-09 2.9E-09 3.33-09 

4.33-09 
4.23-09 
4.53-09 
4.63-09 
5.23-09 

4.43-09 
4.43-09 
4.7E-09 
4.83-09 
5.63-09 
5.2E-09 
4.53-09 
4.63-09 
4.23-09 
4.83-09 
4.83-09 
4.43-09 

l.lE-08 
1.9E-08 
1.4E-08 
7.33-09 
7.33-09 
7.OE-09 
7.73-09 
7.63-09 
6.83-09 

4.93-09 
4.33-09 
4.33-09 
4.OE-09 
4.6E-09 
4.63-09 
4.23-09 

3.23-08 2.53-08 1.4E-08 9.73-09 7.83-09 7.43-09 
7.1E-09 4.23-09 3.OE-09 3.3E-09 4.2E-09 4.33-09 
6.33-09 3.63-09 2.63-09 2.83-09 3.43-09 3.63-09 
7.33-09 4.3E-09 3.1E-09 3.53-09 4.3E-09 4.53-09 
6.93-09 4.OE-09 2.93-09 3.23-09 4.OE-09 4.23-09 
7.4E-09 4.33-09 3.1E-09 3.43-09 4.33-09 4.43-09 
7.53-09 4.43-09 3.23-09 3.53-09 4.23-09 4.43-09 
7.63-09 4.53-09 3.33-09 3.73-09 4.63-09 4.93-09 
2.OE-08 1.5E-08 8.33-09 6.53-09 5.93-09 5.83-09 

Effective Dose 8.8E-09 5.43-09 3.63-09 3.73-09 4.43-09 4.6E-09 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 
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Table 5.20.4(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Cs-137 (T% = 30.0 y). 

Particulate Aerosol: AMAD = 1 ).nn, Absorption Type F. 
Age at intake 3 Months 1 Year 

fl 1.0 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver- 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 
Lungs 

Skin 
Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

1.0 
5 Years 10 Years 15 Years Adult 
1.0 1.0 1.0 1.0 

7.4E-09 4.43-09 3.23-09 3.63-09 4.53-09 4.73-09 
7.8E-09 4.73-09 3.83-09 3.83-09 4.53-09 4.9E-09 
7.33-09 4.33-09 3.1E-09 3.53-09 4.43-09 4.63-09 
6.93-09 4.OE-09 2.9E-09 3.1E-09 3.83-09 4.OE-09 
6.43-09 3.7E-09 2.6E-09 2.9E-09 3.63-09 3.8E-09 

7.43-09 
7.63-09 
7.63-09 

4.33-09 3.1E-09 3.43-09 
4.33-09 3.1E-09 3.33-09 
4.53-09 3.33-09 3.63-09 
7.OE-09 4.33-09 4.1E-09 
1.2E-08 6.6E-09 5.53-09 
9.23-09 5.3E-09 4.73-09 
4.3E-09 3.1E-09 3.4E-09 
4.33-09 3.1E-09 3.53-09 
4.1E-09 2.93-09 3.23-09 
4.63-09 3.33-09 3.7E-09 
4.53-09 3.23-09 3.73-09 
4.OE-09 2.9E-09 3.33-09 

4.33-09 
4.23-09 
4.53-09 
4.63-09 
5.23-09 

4.43-09 
4.43-09 
4.7E-09 
4.83-09 
5.63-09 
5.2E-09 
4.53-09 
4.63-09 
4.23-09 
4.83-09 
4.83-09 
4.43-09 

l.lE-08 
1.9E-08 
1.4E-08 
7.33-09 
7.33-09 
7.OE-09 
7.73-09 
7.63-09 
6.83-09 

4.93-09 
4.33-09 
4.33-09 
4.OE-09 
4.6E-09 
4.63-09 
4.23-09 

3.23-08 2.53-08 1.4E-08 9.73-09 7.83-09 7.43-09 
7.1E-09 4.23-09 3.OE-09 3.3E-09 4.2E-09 4.33-09 
6.33-09 3.63-09 2.63-09 2.83-09 3.43-09 3.63-09 
7.33-09 4.3E-09 3.1E-09 3.53-09 4.3E-09 4.53-09 
6.93-09 4.OE-09 2.93-09 3.23-09 4.OE-09 4.23-09 
7.4E-09 4.33-09 3.1E-09 3.43-09 4.33-09 4.43-09 
7.53-09 4.43-09 3.23-09 3.53-09 4.23-09 4.43-09 
7.63-09 4.53-09 3.33-09 3.73-09 4.63-09 4.93-09 
2.OE-08 1.5E-08 8.33-09 6.53-09 5.93-09 5.83-09 

Effective Dose 8.8E-09 5.43-09 3.63-09 3.73-09 4.43-09 4.6E-09 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 
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Table 1. Tissue weighting factors” 

Tissue weighting Tissue weighting 
Organ or tissue (T) factor (wr) Organ or tissue (T) factor (y-) 

Gonadsb 0.20 Liver 0.05 
Bone marrow (red) 0.12 Oesophagus 0.05 
Colon’ 0.12 
Lungsd 

Thyroid 0.05 
0.12 Skin 0.01 

Stomach 0.12 Bone surface 0.01 
Bladder 0.05 Remainder’s’ 0.05 
Breast 0.05 

“The values have been developed from a reference population of equal numbers of both sexes and a 
wide range of ages. In the definition of effective dose they apply to workers, to the whole population, and 
to either sex (ZCRP Publication 60, 1991a). 

bSee Paragraph 20. 
‘The colon w is applied to the mass average of the equivalent doses HULT, and ZZLL~, in the walls of the 

upper large intestine (ULI) and lower large intestine (LLI) of the GI tract (ZCRP Publication 30, 1979). 

Age-specific masses of the walls of the GI tract are given in Table 11. Since the relative masses of the walls 
of the ULI and LLI are independent of age, the equivalent dose to the colon H,,,,, is given (ZCRP 

Publication 69, 1995) as: Hcolon = 0.57 HULL + 0.43 HLL,. 

dThoracic airways. 
eFor purposes of calculation, the remainder is composed of the following ten additional tissues and 

organs: adrenals, brain, extrathoracic airways, small intestine, kidneys, muscle, pancreas, spleen, thymus 
and uterus. The extrathoracic airways described in the new respiratory tract model (ZCRP Publication 66) 

were added to the list of remainder tissues in ZCZU’ Publication 68. Their masses are given in Table 11. 
‘Whenever the most exposed remainder tissue or organ receives the highest committed equivalent dose 

of all organs, a weighting factor of 0.025 (half of remainder) is applied to that tissue or organ and 0.025 
(half of remainder) to the mass-averaged committed equivalent dose in the rest of the remainder tissues 
and organs (ICRP, 1994b). See eqn (11) and Paragraph 77. 

form of the radionuclide (see Paragraph 53). Generally, for Type F (rapidly soluble) 
materials, the greatest fi value applied to the element in ZCRP Publication 68 is used here. 
For barium, an f i  value of 0.2 is applied as in ZCRP Publication 67. For Types M and S, 
default f, values of 0.1 and 0.01, respectively, are applied, unless a lower f i  value for that 
absorption Type (or for a more soluble Type) was used in ZCRP Publication 68, in which 
case that value is applied. 

(14) Absorption of radionuclides tends to be greatest in the newborn, but the results of 
animal studies suggest that uptake from the gut progressively decreases with age, 
approaching adult values by about the time of weaning in most cases. A similar approach 
to that described in ZCRP Publications 56, 67 and 69, has been adopted here. For elements 
with adult f i  values of 0.002 or less, a value of 10 times that for the adult is assumed for 3-mo- 
old infants. (None of the elements covered in this report has an adult f ,  value between 0.002 
and 0.01.) For adult f i  values between 0.01 and 0.5, an increase by a factor of 2 is assumed for 
3-mo-old infants. For adult f l  values greater than 0.5, complete absorption by 3-mo-old 
infants ( f ,  = 1) is assumed. For most elements, adult values are applied to l-, 5-, lo- and 1.5-y- 
old children. However, for Type F forms of calcium, iron, cobalt, strontium, barium, lead 
and radium, intermediate values are used for children following the approach in ZCRP 
Publications 56 and 67. For Type M and S forms of these elements, the default adult f ,  values 
(0.1 and 0.01, respectively) are also applied to children. 

(15) Absorption of material from the GI tract is assumed to take place in the small 
intestine. If complete absorption is indicated in the biokinetic model, then for computational 
reasons a fraction of 0.99 of the ingested material is taken to be absorbed from the small 
intestine to the transfer compartment; a fraction of 0.01 of the ingested material enters the 
lower segments of the GI tract. 
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(15) Absorption of material from the GI tract is assumed to take place in the small 
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intestine to the transfer compartment; a fraction of 0.01 of the ingested material enters the 
lower segments of the GI tract. 
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Table 5.20.2(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Cs-134 (T'h = 2.06 y). 

Particulate Aerosol: AMAD = 1 urn. Absorption Type F. 
Age at intake 3 Months 

fl 1.0 
i Year 
1.0 

5 Years 
1.0 

10 Years 15 Years 
1.0 1.0 

l.OE-08 
9.53-09 
9.63-09 
8.73-09 
7.3E-09 

l.OE-08 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 5.83-08 
Lungs 9.OE-09 

Skin 7.OE-09 

9.43-09 
l.OE-08 
1.3E-08 
1.8E-08 
1.5E-08 
9.63-09 
9.83-09 
8.9E-09 
l.lE-08 
l.lE-08 
8.43-09 

Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

9.7E-09 
8.53-09 
l.OE-08 
l.OE-08 
l.OE-08 
3.33-08 

6.23-09 4.7E-09 
5.8E-09 5.1E-09 
5.93-09 4.43-09 
5.33-09 4.OE-09 
4.43-09 3.2E-09 

5.33-09 
4.9E-09 
5.OE-09 
4.33-09 
3.53-09 

6.2E-09 4.43-09 4.93-09 
5.5E-09 4.33-09 4.53-09 
6.6E-09 4.9E-09 5.53-09 
8.OE-09 5.43-09 5.3E-09 
l.lE-08 7.23-09 6.4E-09 
9.53-09 6.23-09 5.83-09 
5.93-09 4.53-09 5.OE-09 
6.OE-09 4.53-09 5.lE-09 
5.53-09 4.03-09 4.53-09 
6.8E-09 5.1E-09 5.63-09 
6.5E-09 4.93-09 5.63-09 
5.23-09 4.OE-09 4.73-09 

4.93-08 2.73-08 
5.53-09 4.1E-09 
4.23-09 3.1E-09 
6.OE-09 4.53-09 
5.23-09 3.93-09 
6.23-09 4.43-09 
6.33-09 4.73-09 
6.53-09 5.OE-09 
2.73-08 1.6E-08 

1.8E-08 
4.6E-09 
3.3E-09 
5.1E-09 
4.3E-09 
4.9E-09 
5.1E-09 
5.6E-09 
l.lE-08 

Adult 
1.0 

6.73-09 7.OE-09 
5.83-09 6.8E-09 
6.33-09 6.7E-09 
5.OE-09 5.2E-09 
4.63-09 4.83-09 

6.1E-09 
5.9E-09 
6.7E-09 
6.43-09 
6.63-09 
6.53-09 
6.33-09 
6.33-09 
5.5E-09 
6.9E-09 
7.OE-09 
5.9E-09 

6.33-09 
6.33-09 
7.OE-09 
6.8E-09 
7.6E-09 
7.1E-09 
6.6E-09 
6.73-09 
5.93-09 
7.23-09 
7.33-09 
6.33-09 

1.4E-08 
5.8E-09 
4.1E-09 
6.33-09 
5.53-09 
6.1E-09 
6.1E-09 
7.OE-09 
9.73-09 

1.2E-08 
6.OE-09 
4.4E-09 
6.63-09 
5.93-09 
6.33-09 
6.33-09 
7.3E-09 
9.1E-09 

Effective Dose l.lE-08 7.3E-09 5.23-09 5.3E-09 6.33-09 6.63-09 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 
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Table 5.10.3(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Sr-90 (T% = 29.1 y). 

Particulate Aerosol: AMAD = 1 urn. Absorotion Twe F. 
Age at intake 3 Months 

fl 0.6 
1 i Year -5 Years- 

0.4 0.4 
10 Years 
0.4 

15 Years Adult* 
0.4 0.3 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 
Lungs 

Skin 
Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

6.6E-09 
8.83-09 
1.3E-06 
6.63-09 
6.6E-09 

6.63-09 
7.OE-09 
7.OE-09 
2.2E-08 
5.63-08 
3.7E-08 
6.6E-09 
6.6E-09 
6.6B-09 
6.6E-09 
6.6E-09 
8.6E-07 

1.8E-08 
6.73-09 
6.63-09 
6.63-09 
6.6E-09 
6.6E-09 
6.63-09 
6.63-09 
6.63-09 

1.2E-09 
2.53-09 
7.43-07 
1.2E-09 
1.2E-09 

1.2E-09 
1.3E-09 
1.3E-09 
4.23-09 
l.lE-08 
7.23-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
2.63-07 

3.33-09 
1.3E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 

4.33-09 2.OE-09 
5.93-09 3.53-09 

7.7E-10 
1.8E-09 
1.2E-06 
7.7E-10 
7.7E-10 

5.9E-10 
1.3E-09 
3.73-07 
5.9E-10 
5.9E-10 

5.9E-10 
6.2E-10 
6.4E-10 
1.8E-09 
S.OE-09 
3.23-09 
5.9E-10 
5.9E-10 
5.9E-10 
5.9E-10 
5.9E-10 
1.6E-07 

5.83-07 4.53-07 
4.33-09 2.OE-09 
4.33-09 2.OE-09 

4.33-09 2.OE-09 7.7E-10 
7.9E-10 
8.1E-10 
2.33-09 
5.83-09 
3.83-09 
7.7E-10 
7.7E-10 
7.7E-10 
7.7E-10 
7.7E-10 
3.3E-07 

4.53-09 2.lE-09 
4.73-09 2.23-09 
1.6E-08 7.1E-09 
4.33-08 1.9E-08 
2.83-08 1.2E-08 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
3.33-07 1.9E-07 

1.2E-08 5.1E-09 
4.33-09 2.1E-09 
4.33-09 2.OE-09 

1.9E-09 1.7E-09 
8.OE-10 6.1E-10 
7.7E-10 5.9E-10 

4.33-09 2.OE-09 
4.33-09 2.OE-09 

7.7E-10 5.9E-10 
7.7E-10 5.9E-10 

4.33-09 2.OE-09 
4.3E-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 

7.7E-10 5.9E-10 
5.9E-10 
5.9E-10 
5.9E-10 

7.7E-10 
7.7E-10 
7.7E-10 

Effective Dose 1.3E-07 5.2E-08 3.1E-08 4.1E-08 5.3E-08 2.4E-08 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 

* In the biokinetic model for Sr parameter values for the adult apply to 
ages 2 25 y. For radioisotopes of this element the dose coefficients for 
the adult are based on the 50-y integrated doses following an acute intake 
at age 25 y. 
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Table 5.20.4(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Cs-137 (T% = 30.0 y). 

Particulate Aerosol: AMAD = 1 ).nn, Absorption Type F. 
Age at intake 3 Months 1 Year 

fl 1.0 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver- 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 
Lungs 

Skin 
Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

1.0 
5 Years 10 Years 15 Years Adult 
1.0 1.0 1.0 1.0 

7.4E-09 4.43-09 3.23-09 3.63-09 4.53-09 4.73-09 
7.8E-09 4.73-09 3.83-09 3.83-09 4.53-09 4.9E-09 
7.33-09 4.33-09 3.1E-09 3.53-09 4.43-09 4.63-09 
6.93-09 4.OE-09 2.9E-09 3.1E-09 3.83-09 4.OE-09 
6.43-09 3.7E-09 2.6E-09 2.9E-09 3.63-09 3.8E-09 

7.43-09 
7.63-09 
7.63-09 

4.33-09 3.1E-09 3.43-09 
4.33-09 3.1E-09 3.33-09 
4.53-09 3.33-09 3.63-09 
7.OE-09 4.33-09 4.1E-09 
1.2E-08 6.6E-09 5.53-09 
9.23-09 5.3E-09 4.73-09 
4.3E-09 3.1E-09 3.4E-09 
4.33-09 3.1E-09 3.53-09 
4.1E-09 2.93-09 3.23-09 
4.63-09 3.33-09 3.7E-09 
4.53-09 3.23-09 3.73-09 
4.OE-09 2.9E-09 3.33-09 

4.33-09 
4.23-09 
4.53-09 
4.63-09 
5.23-09 

4.43-09 
4.43-09 
4.7E-09 
4.83-09 
5.63-09 
5.2E-09 
4.53-09 
4.63-09 
4.23-09 
4.83-09 
4.83-09 
4.43-09 

l.lE-08 
1.9E-08 
1.4E-08 
7.33-09 
7.33-09 
7.OE-09 
7.73-09 
7.63-09 
6.83-09 

4.93-09 
4.33-09 
4.33-09 
4.OE-09 
4.6E-09 
4.63-09 
4.23-09 

3.23-08 2.53-08 1.4E-08 9.73-09 7.83-09 7.43-09 
7.1E-09 4.23-09 3.OE-09 3.3E-09 4.2E-09 4.33-09 
6.33-09 3.63-09 2.63-09 2.83-09 3.43-09 3.63-09 
7.33-09 4.3E-09 3.1E-09 3.53-09 4.3E-09 4.53-09 
6.93-09 4.OE-09 2.93-09 3.23-09 4.OE-09 4.23-09 
7.4E-09 4.33-09 3.1E-09 3.43-09 4.33-09 4.43-09 
7.53-09 4.43-09 3.23-09 3.53-09 4.23-09 4.43-09 
7.63-09 4.53-09 3.33-09 3.73-09 4.63-09 4.93-09 
2.OE-08 1.5E-08 8.33-09 6.53-09 5.93-09 5.83-09 

Effective Dose 8.8E-09 5.43-09 3.63-09 3.73-09 4.43-09 4.6E-09 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 
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Table 5.20.2(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Cs-134 (T'h = 2.06 y). 

Particulate Aerosol: AMAD = 1 urn. Absorption Type F. 
Age at intake 3 Months 

fl 1.0 
i Year 
1.0 

5 Years 
1.0 

10 Years 15 Years 
1.0 1.0 

l.OE-08 
9.53-09 
9.63-09 
8.73-09 
7.3E-09 

l.OE-08 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 5.83-08 
Lungs 9.OE-09 

Skin 7.OE-09 

9.43-09 
l.OE-08 
1.3E-08 
1.8E-08 
1.5E-08 
9.63-09 
9.83-09 
8.9E-09 
l.lE-08 
l.lE-08 
8.43-09 

Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

9.7E-09 
8.53-09 
l.OE-08 
l.OE-08 
l.OE-08 
3.33-08 

6.23-09 4.7E-09 
5.8E-09 5.1E-09 
5.93-09 4.43-09 
5.33-09 4.OE-09 
4.43-09 3.2E-09 

5.33-09 
4.9E-09 
5.OE-09 
4.33-09 
3.53-09 

6.2E-09 4.43-09 4.93-09 
5.5E-09 4.33-09 4.53-09 
6.6E-09 4.9E-09 5.53-09 
8.OE-09 5.43-09 5.3E-09 
l.lE-08 7.23-09 6.4E-09 
9.53-09 6.23-09 5.83-09 
5.93-09 4.53-09 5.OE-09 
6.OE-09 4.53-09 5.lE-09 
5.53-09 4.03-09 4.53-09 
6.8E-09 5.1E-09 5.63-09 
6.5E-09 4.93-09 5.63-09 
5.23-09 4.OE-09 4.73-09 

4.93-08 2.73-08 
5.53-09 4.1E-09 
4.23-09 3.1E-09 
6.OE-09 4.53-09 
5.23-09 3.93-09 
6.23-09 4.43-09 
6.33-09 4.73-09 
6.53-09 5.OE-09 
2.73-08 1.6E-08 

1.8E-08 
4.6E-09 
3.3E-09 
5.1E-09 
4.3E-09 
4.9E-09 
5.1E-09 
5.6E-09 
l.lE-08 

Adult 
1.0 

6.73-09 7.OE-09 
5.83-09 6.8E-09 
6.33-09 6.7E-09 
5.OE-09 5.2E-09 
4.63-09 4.83-09 

6.1E-09 
5.9E-09 
6.7E-09 
6.43-09 
6.63-09 
6.53-09 
6.33-09 
6.33-09 
5.5E-09 
6.9E-09 
7.OE-09 
5.9E-09 

6.33-09 
6.33-09 
7.OE-09 
6.8E-09 
7.6E-09 
7.1E-09 
6.6E-09 
6.73-09 
5.93-09 
7.23-09 
7.33-09 
6.33-09 

1.4E-08 
5.8E-09 
4.1E-09 
6.33-09 
5.53-09 
6.1E-09 
6.1E-09 
7.OE-09 
9.73-09 

1.2E-08 
6.OE-09 
4.4E-09 
6.63-09 
5.93-09 
6.33-09 
6.33-09 
7.3E-09 
9.1E-09 

Effective Dose l.lE-08 7.3E-09 5.23-09 5.3E-09 6.33-09 6.63-09 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 
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Table 5.10.3(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Sr-90 (T% = 29.1 y). 

Particulate Aerosol: AMAD = 1 urn. Absorotion Twe F. 
Age at intake 3 Months 

fl 0.6 
1 i Year -5 Years- 

0.4 0.4 
10 Years 
0.4 

15 Years Adult* 
0.4 0.3 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 
Lungs 

Skin 
Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

6.6E-09 
8.83-09 
1.3E-06 
6.63-09 
6.6E-09 

6.63-09 
7.OE-09 
7.OE-09 
2.2E-08 
5.63-08 
3.7E-08 
6.6E-09 
6.6E-09 
6.6B-09 
6.6E-09 
6.6E-09 
8.6E-07 

1.8E-08 
6.73-09 
6.63-09 
6.63-09 
6.6E-09 
6.6E-09 
6.63-09 
6.63-09 
6.63-09 

1.2E-09 
2.53-09 
7.43-07 
1.2E-09 
1.2E-09 

1.2E-09 
1.3E-09 
1.3E-09 
4.23-09 
l.lE-08 
7.23-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
2.63-07 

3.33-09 
1.3E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 

4.33-09 2.OE-09 
5.93-09 3.53-09 

7.7E-10 
1.8E-09 
1.2E-06 
7.7E-10 
7.7E-10 

5.9E-10 
1.3E-09 
3.73-07 
5.9E-10 
5.9E-10 

5.9E-10 
6.2E-10 
6.4E-10 
1.8E-09 
S.OE-09 
3.23-09 
5.9E-10 
5.9E-10 
5.9E-10 
5.9E-10 
5.9E-10 
1.6E-07 

5.83-07 4.53-07 
4.33-09 2.OE-09 
4.33-09 2.OE-09 

4.33-09 2.OE-09 7.7E-10 
7.9E-10 
8.1E-10 
2.33-09 
5.83-09 
3.83-09 
7.7E-10 
7.7E-10 
7.7E-10 
7.7E-10 
7.7E-10 
3.3E-07 

4.53-09 2.lE-09 
4.73-09 2.23-09 
1.6E-08 7.1E-09 
4.33-08 1.9E-08 
2.83-08 1.2E-08 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
3.33-07 1.9E-07 

1.2E-08 5.1E-09 
4.33-09 2.1E-09 
4.33-09 2.OE-09 

1.9E-09 1.7E-09 
8.OE-10 6.1E-10 
7.7E-10 5.9E-10 

4.33-09 2.OE-09 
4.33-09 2.OE-09 

7.7E-10 5.9E-10 
7.7E-10 5.9E-10 

4.33-09 2.OE-09 
4.3E-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 

7.7E-10 5.9E-10 
5.9E-10 
5.9E-10 
5.9E-10 

7.7E-10 
7.7E-10 
7.7E-10 

Effective Dose 1.3E-07 5.2E-08 3.1E-08 4.1E-08 5.3E-08 2.4E-08 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 

* In the biokinetic model for Sr parameter values for the adult apply to 
ages 2 25 y. For radioisotopes of this element the dose coefficients for 
the adult are based on the 50-y integrated doses following an acute intake 
at age 25 y. 
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Table 5.20.4(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Cs-137 (T% = 30.0 y). 

Particulate Aerosol: AMAD = 1 ).nn, Absorption Type F. 
Age at intake 3 Months 1 Year 

fl 1.0 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver- 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 
Lungs 

Skin 
Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

1.0 
5 Years 10 Years 15 Years Adult 
1.0 1.0 1.0 1.0 

7.4E-09 4.43-09 3.23-09 3.63-09 4.53-09 4.73-09 
7.8E-09 4.73-09 3.83-09 3.83-09 4.53-09 4.9E-09 
7.33-09 4.33-09 3.1E-09 3.53-09 4.43-09 4.63-09 
6.93-09 4.OE-09 2.9E-09 3.1E-09 3.83-09 4.OE-09 
6.43-09 3.7E-09 2.6E-09 2.9E-09 3.63-09 3.8E-09 

7.43-09 
7.63-09 
7.63-09 

4.33-09 3.1E-09 3.43-09 
4.33-09 3.1E-09 3.33-09 
4.53-09 3.33-09 3.63-09 
7.OE-09 4.33-09 4.1E-09 
1.2E-08 6.6E-09 5.53-09 
9.23-09 5.3E-09 4.73-09 
4.3E-09 3.1E-09 3.4E-09 
4.33-09 3.1E-09 3.53-09 
4.1E-09 2.93-09 3.23-09 
4.63-09 3.33-09 3.7E-09 
4.53-09 3.23-09 3.73-09 
4.OE-09 2.9E-09 3.33-09 

4.33-09 
4.23-09 
4.53-09 
4.63-09 
5.23-09 

4.43-09 
4.43-09 
4.7E-09 
4.83-09 
5.63-09 
5.2E-09 
4.53-09 
4.63-09 
4.23-09 
4.83-09 
4.83-09 
4.43-09 

l.lE-08 
1.9E-08 
1.4E-08 
7.33-09 
7.33-09 
7.OE-09 
7.73-09 
7.63-09 
6.83-09 

4.93-09 
4.33-09 
4.33-09 
4.OE-09 
4.6E-09 
4.63-09 
4.23-09 

3.23-08 2.53-08 1.4E-08 9.73-09 7.83-09 7.43-09 
7.1E-09 4.23-09 3.OE-09 3.3E-09 4.2E-09 4.33-09 
6.33-09 3.63-09 2.63-09 2.83-09 3.43-09 3.63-09 
7.33-09 4.3E-09 3.1E-09 3.53-09 4.3E-09 4.53-09 
6.93-09 4.OE-09 2.93-09 3.23-09 4.OE-09 4.23-09 
7.4E-09 4.33-09 3.1E-09 3.43-09 4.33-09 4.43-09 
7.53-09 4.43-09 3.23-09 3.53-09 4.23-09 4.43-09 
7.63-09 4.53-09 3.33-09 3.73-09 4.63-09 4.93-09 
2.OE-08 1.5E-08 8.33-09 6.53-09 5.93-09 5.83-09 

Effective Dose 8.8E-09 5.43-09 3.63-09 3.73-09 4.43-09 4.6E-09 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 
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Table 5.20.2(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Cs-134 (T'h = 2.06 y). 

Particulate Aerosol: AMAD = 1 urn. Absorption Type F. 
Age at intake 3 Months 

fl 1.0 
i Year 
1.0 

5 Years 
1.0 

10 Years 15 Years 
1.0 1.0 

l.OE-08 
9.53-09 
9.63-09 
8.73-09 
7.3E-09 

l.OE-08 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 5.83-08 
Lungs 9.OE-09 

Skin 7.OE-09 

9.43-09 
l.OE-08 
1.3E-08 
1.8E-08 
1.5E-08 
9.63-09 
9.83-09 
8.9E-09 
l.lE-08 
l.lE-08 
8.43-09 

Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

9.7E-09 
8.53-09 
l.OE-08 
l.OE-08 
l.OE-08 
3.33-08 

6.23-09 4.7E-09 
5.8E-09 5.1E-09 
5.93-09 4.43-09 
5.33-09 4.OE-09 
4.43-09 3.2E-09 

5.33-09 
4.9E-09 
5.OE-09 
4.33-09 
3.53-09 

6.2E-09 4.43-09 4.93-09 
5.5E-09 4.33-09 4.53-09 
6.6E-09 4.9E-09 5.53-09 
8.OE-09 5.43-09 5.3E-09 
l.lE-08 7.23-09 6.4E-09 
9.53-09 6.23-09 5.83-09 
5.93-09 4.53-09 5.OE-09 
6.OE-09 4.53-09 5.lE-09 
5.53-09 4.03-09 4.53-09 
6.8E-09 5.1E-09 5.63-09 
6.5E-09 4.93-09 5.63-09 
5.23-09 4.OE-09 4.73-09 

4.93-08 2.73-08 
5.53-09 4.1E-09 
4.23-09 3.1E-09 
6.OE-09 4.53-09 
5.23-09 3.93-09 
6.23-09 4.43-09 
6.33-09 4.73-09 
6.53-09 5.OE-09 
2.73-08 1.6E-08 

1.8E-08 
4.6E-09 
3.3E-09 
5.1E-09 
4.3E-09 
4.9E-09 
5.1E-09 
5.6E-09 
l.lE-08 

Adult 
1.0 

6.73-09 7.OE-09 
5.83-09 6.8E-09 
6.33-09 6.7E-09 
5.OE-09 5.2E-09 
4.63-09 4.83-09 

6.1E-09 
5.9E-09 
6.7E-09 
6.43-09 
6.63-09 
6.53-09 
6.33-09 
6.33-09 
5.5E-09 
6.9E-09 
7.OE-09 
5.9E-09 

6.33-09 
6.33-09 
7.OE-09 
6.8E-09 
7.6E-09 
7.1E-09 
6.6E-09 
6.73-09 
5.93-09 
7.23-09 
7.33-09 
6.33-09 

1.4E-08 
5.8E-09 
4.1E-09 
6.33-09 
5.53-09 
6.1E-09 
6.1E-09 
7.OE-09 
9.73-09 

1.2E-08 
6.OE-09 
4.4E-09 
6.63-09 
5.93-09 
6.33-09 
6.33-09 
7.3E-09 
9.1E-09 

Effective Dose l.lE-08 7.3E-09 5.23-09 5.3E-09 6.33-09 6.63-09 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 
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Table 5.10.3(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Sr-90 (T% = 29.1 y). 

Particulate Aerosol: AMAD = 1 urn. Absorotion Twe F. 
Age at intake 3 Months 

fl 0.6 
1 i Year -5 Years- 

0.4 0.4 
10 Years 
0.4 

15 Years Adult* 
0.4 0.3 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 
Lungs 

Skin 
Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

6.6E-09 
8.83-09 
1.3E-06 
6.63-09 
6.6E-09 

6.63-09 
7.OE-09 
7.OE-09 
2.2E-08 
5.63-08 
3.7E-08 
6.6E-09 
6.6E-09 
6.6B-09 
6.6E-09 
6.6E-09 
8.6E-07 

1.8E-08 
6.73-09 
6.63-09 
6.63-09 
6.6E-09 
6.6E-09 
6.63-09 
6.63-09 
6.63-09 

1.2E-09 
2.53-09 
7.43-07 
1.2E-09 
1.2E-09 

1.2E-09 
1.3E-09 
1.3E-09 
4.23-09 
l.lE-08 
7.23-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
2.63-07 

3.33-09 
1.3E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 
1.2E-09 

4.33-09 2.OE-09 
5.93-09 3.53-09 

7.7E-10 
1.8E-09 
1.2E-06 
7.7E-10 
7.7E-10 

5.9E-10 
1.3E-09 
3.73-07 
5.9E-10 
5.9E-10 

5.9E-10 
6.2E-10 
6.4E-10 
1.8E-09 
S.OE-09 
3.23-09 
5.9E-10 
5.9E-10 
5.9E-10 
5.9E-10 
5.9E-10 
1.6E-07 

5.83-07 4.53-07 
4.33-09 2.OE-09 
4.33-09 2.OE-09 

4.33-09 2.OE-09 7.7E-10 
7.9E-10 
8.1E-10 
2.33-09 
5.83-09 
3.83-09 
7.7E-10 
7.7E-10 
7.7E-10 
7.7E-10 
7.7E-10 
3.3E-07 

4.53-09 2.lE-09 
4.73-09 2.23-09 
1.6E-08 7.1E-09 
4.33-08 1.9E-08 
2.83-08 1.2E-08 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 
3.33-07 1.9E-07 

1.2E-08 5.1E-09 
4.33-09 2.1E-09 
4.33-09 2.OE-09 

1.9E-09 1.7E-09 
8.OE-10 6.1E-10 
7.7E-10 5.9E-10 

4.33-09 2.OE-09 
4.33-09 2.OE-09 

7.7E-10 5.9E-10 
7.7E-10 5.9E-10 

4.33-09 2.OE-09 
4.3E-09 2.OE-09 
4.33-09 2.OE-09 
4.33-09 2.OE-09 

7.7E-10 5.9E-10 
5.9E-10 
5.9E-10 
5.9E-10 

7.7E-10 
7.7E-10 
7.7E-10 

Effective Dose 1.3E-07 5.2E-08 3.1E-08 4.1E-08 5.3E-08 2.4E-08 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 

* In the biokinetic model for Sr parameter values for the adult apply to 
ages 2 25 y. For radioisotopes of this element the dose coefficients for 
the adult are based on the 50-y integrated doses following an acute intake 
at age 25 y. 
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Table 5.20.4(a). 
Inhalation Dose Coefficients: Committed Equivalent and Effective Doses 
per Unit Intake (Sv/Bq) for Cs-137 (T% = 30.0 y). 

Particulate Aerosol: AMAD = 1 ).nn, Absorption Type F. 
Age at intake 3 Months 1 Year 

fl 1.0 

Adrenals 
Bladder Wall 
Bone Surface 
Brain 
Breast 
GI-Tract 

Oesophagus 
St Wall 
SI Wall 
ULI Wall 
LLI Wall 
Colon 

Kidneys 
Liver- 
Muscle 
Ovaries 
Pancreas 
Red Marrow 
Respiratory Tract 

ET Airways 
Lungs 

Skin 
Spleen 
Testes 
Thymus 
Thyroid 
Uterus 
Remainder 

1.0 
5 Years 10 Years 15 Years Adult 
1.0 1.0 1.0 1.0 

7.4E-09 4.43-09 3.23-09 3.63-09 4.53-09 4.73-09 
7.8E-09 4.73-09 3.83-09 3.83-09 4.53-09 4.9E-09 
7.33-09 4.33-09 3.1E-09 3.53-09 4.43-09 4.63-09 
6.93-09 4.OE-09 2.9E-09 3.1E-09 3.83-09 4.OE-09 
6.43-09 3.7E-09 2.6E-09 2.9E-09 3.63-09 3.8E-09 

7.43-09 
7.63-09 
7.63-09 

4.33-09 3.1E-09 3.43-09 
4.33-09 3.1E-09 3.33-09 
4.53-09 3.33-09 3.63-09 
7.OE-09 4.33-09 4.1E-09 
1.2E-08 6.6E-09 5.53-09 
9.23-09 5.3E-09 4.73-09 
4.3E-09 3.1E-09 3.4E-09 
4.33-09 3.1E-09 3.53-09 
4.1E-09 2.93-09 3.23-09 
4.63-09 3.33-09 3.7E-09 
4.53-09 3.23-09 3.73-09 
4.OE-09 2.9E-09 3.33-09 

4.33-09 
4.23-09 
4.53-09 
4.63-09 
5.23-09 

4.43-09 
4.43-09 
4.7E-09 
4.83-09 
5.63-09 
5.2E-09 
4.53-09 
4.63-09 
4.23-09 
4.83-09 
4.83-09 
4.43-09 

l.lE-08 
1.9E-08 
1.4E-08 
7.33-09 
7.33-09 
7.OE-09 
7.73-09 
7.63-09 
6.83-09 

4.93-09 
4.33-09 
4.33-09 
4.OE-09 
4.6E-09 
4.63-09 
4.23-09 

3.23-08 2.53-08 1.4E-08 9.73-09 7.83-09 7.43-09 
7.1E-09 4.23-09 3.OE-09 3.3E-09 4.2E-09 4.33-09 
6.33-09 3.63-09 2.63-09 2.83-09 3.43-09 3.63-09 
7.33-09 4.3E-09 3.1E-09 3.53-09 4.3E-09 4.53-09 
6.93-09 4.OE-09 2.93-09 3.23-09 4.OE-09 4.23-09 
7.4E-09 4.33-09 3.1E-09 3.43-09 4.33-09 4.43-09 
7.53-09 4.43-09 3.23-09 3.53-09 4.23-09 4.43-09 
7.63-09 4.53-09 3.33-09 3.73-09 4.63-09 4.93-09 
2.OE-08 1.5E-08 8.33-09 6.53-09 5.93-09 5.83-09 

Effective Dose 8.8E-09 5.43-09 3.63-09 3.73-09 4.43-09 4.6E-09 

GI-Tract Gastrointestinal Tract 
St Stomach 
SI Small Intestine 
ULI Upper Large Intestine 
LLI Lower Large Intestine 
ET Airways Extrathoracic airways 
Lungs Thoracic airways 

単位

骨表面

骨髄

実効線量係数

骨表面

骨髄
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平均光電子数と検出効率

Mean	=	µ
σ = µ
検出効率 ε
しきい値0.5	p.e.
平均から4σ離れた位置が0.5	p.e.で
あれば、 ε = 99.98%が見込める

0.5 + 4 µ < µ を満たすµは
µ > 17
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結果・考察
結果と仕様決定

H.	ITO,	STUDY	OF	NOISE	SUPPRESSION	FOR	A	REAL-TIME	 90SR	COUNTER

仕様設計を決めるために必要なパラメータ

• ファイバー減衰長 190 mm -> 320 mmで約60%へ
• シンチレータ内伝搬による減衰 シンチ幅2倍で66%へ
• ファイバー反対面の反射材 あり（アルミマイラー）
• ファイバー： ダブルクラッド構造
• シンチレータ厚さと光量の関係 線形性あり
• 光学グリスによる効果 シンチ間1.12倍、

シンチ-WLSF間1.22倍

200

200

350

50

①

②
③

①

②

③

345×200×20	mm+

予想光電子数 19	p.e.

345×47×15	mm+

予想光電子数 17	p.e.

200×47×10	mm+

予想光電子数 17	p.e.

反対側も同様
に設計され、
700×200の
面積を覆う

200

47

47


