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Basic physics toward radiation measurement 
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Necessity of radiation exposure management and dosimetry 
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Handling of radiation dose report 
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Dosimetry in CT examination 
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Dosimetry in angiography 
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Dosimetry in nuclear medicine 
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Dose index in CT�  
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The reevaluation of air-kerma standards by adopting ICRU 90 
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��
(CCRI) (mmAl) (mmCu) (keV) (%)
10	kV 0.032 6.8 0.7 0.9953 0.14
30	kV 0.169 12.0 0.4 0.9968 0.11
25	kV 0.242 13.6 0.5 0.9969 0.11

50	kV(b) 1.017 22.3 0.4 0.9977 0.09
50	kV(a) 2.263 29.9 0.6 0.9980 0.08
100	kV 0.157 39.8 0.4 0.9980 0.07
135	kV 0.489 60.2 0.4 0.9980 0.05
180	kV 1.013 80.0 0.4 0.9981 0.04
250	kV 2.482 121.2 0.5 0.9986 0.02
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Responses to the Adoption of ICRU Report 90 at Calibration Laboratories 
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Ň 1. �õĭ�¹�/ňÿxÝ 
õĭ ňÿxÝ 
60Co 0.9916 
137Cs 0.9919 
192Ir 0.9917 

 
� Ň 1 ��ŷ60Co� 137Cs����!:YJ7PY?ôÿı Ĝş���đ»ļťĘûč3
vĸ���/Ÿ
0- ^ĩ	�! 5%ĬÀ (k=2)�vĸ���.ŷSY;Yz ^ĩ	�*­
���)ŷªé�,/ÃŰ!¼���ľ�-0�ŸZá� 192Ir!ŴļťĘ¸º¼ļČ ċ´�
Ĝ�-0/gÎÂůŮĳ ¦čįā8YNĘôÿ´Ý���vĸ���.ŷ� ^ĩ	�!

2.2% (k=2)�¼��Ÿª�ť!ĵ-0.8%Ĭ��.^ĩ	� Ĵ¤� ªé�!�/*  ŷSY
;Y Ĉb
ÍÈ�0��)ŷReport ÕĜ�ŭ��!d��SY;Y$ �ħ3Ņ�
��
��ŸěĻĨ�#57>CYI�p LYOKY<�,/d��ħ mŷũx²p+SY;Y



� ���

pı�ŖĎ3Ņ�ŷgÎÂůŮĳôÿ:YF= ¹ŗSY;Y�¹��!ö�Þ3Şn�/


��ReportÕĜ�,/y ªé����ęŌ3Ă)�Ÿ192Ir¦čįā8YNĘ�ũ�/a�ª
éď!Ň 2 Š.��/Ÿ57>CYI�p tĜ�/Ĕ´eýûč�!ŷReportÕĜÄ�ě
ĻĨ ¥¶ûč�3Ĝ���ôÿ3µâ��Ÿ
0�,.Ĕ´eýûč� ôÿ´Ý!ĵ0.7%
¼�����Ÿ
0!Ň 1 ňÿxÝ3Ĝ��¨��^ĩ	� Ĵ¤��Zń���/ŸĔ´
eýûč� ôÿ´Ý ^ĩ	�! 1.2%	- 1.4%$©���
ŷSY;YůŮĳ ôÿ´Ý
 ^ĩ	�! Ôf} Ĵ¤� ª���&.ŷReportÕĜÄ*ª2-�2.2%(k=2)����Ÿ
&�ŷôÿŒæê�!ŷĖİŅÜąjŉ�œwÑņ¦Ĥüù ö�Þê�Å�ŷôÿķò


Report �¹Ç���/å Ňŏ3ŝ���Ÿk¡ ªé!��&�*¥¶ûč ªé��.ŷ
� môÿ¨+ôÿ Ðąı�ªé!��Ÿ�

�

Ň 2. ReportÕĜ�,/ªéďŵ192Ir¦čįā8YNĘŶ 
űĥ� ªé�� ªéÄ�

57>CYI�pûč� ôÿ´Ý� -4.668×105 Gy/h/A -4.636×105 Gy/h/A 
ôÿ´Ý ^ĩ	��(k=2)� 1.2% 1.4% 
SY;YůŮĳ ^ĩ	��(k=2)� 2.2% 2.2% 
Œæêŏś�·� �� Report¹Ç å3æŏ�
�

� 192IrŴļťĘ¸º¼ļČ ¦čįā8YNĘ!ŷ�âŐ����½���*ļČhØ ŤÀ
¥¶ûč�CWY:HV�ċ´3µâ�/
�
Ö®�0��/ 2)ŸSY;Y
Report�¹Ç
��ôÿ´Ý3Ĝ��ċ´3µâ�/¨�!ŷSY;Y ċ´y* Report �¹Ç���/

���/ŸReport �¹Ç��ôÿ´Ý!57>CYI�pı Report �¹Ç��ôÿüũ�
�ôÿ�/
��,.n_�0/Ÿ*��!ŷěĻĨ+57>CYI�p LYOKY<�ŏ

ś�0�áą3Ĝ��ØĲ�,.Ă)/
�
��/Ÿ���ŷ
 ØĲ!äï ¥¶ûč�

CWY:HV��/¨�� 'ţĜ�/
�
��ŷu�"ć« ôÿüũ�ôÿ�0�ċ´

� ôÿ´Ý�!ţĜ�/
�
����Ÿ
0!¥¶ûčüũ tĜ�/ċ´� ĭų+Â

ĕ�,��Report ÃŰ
Ğ�/�)��/Ÿ 
192IrŴļťĘ¸º¼ļČ ŉ�lúê�ŏś�0�¦čįā8YNĘ!Ó_ļť Ĳ�ĥĢ
�tĜ�%��!��
ŷļČ �ŘĩŔ+ŃâŐ ċ´yĩŔ �) ĀŚ¹ŗ����Ĝ

�/
�
��/Ÿ� ŭ�!ŃâŐ '�-�ŷļČPY8Y Report$ ¹ÇĕĄ*ÒÙ
����ÆŊ
�/Ÿ�	��
-ŷŉ�lúê�!Report¹Ç íĐ
ŏś�0�����
)ŷ57>CYI�p�!ŷ¥��ĆŠ�/ 3ĭų 192IrļČPY8Y�¹��ů±PYV�
,/ŀ��.ŕó3µâ��Ÿ&�ŷć« ôÿüũ����*�ú�ŕó3µâ��Ÿ  
� Ň 3 �Ī�Š.ŷļČPY8Y! Report  ÕĜĕĄ�ũ2-�ċ´� ôÿ´Ý3ªé�
����Ÿ��2�ŷŉ�lúê�ŏś�/¦čįā8YNĘ3ªé�����ŸVS2000 ļ
Č����!ŷkÄ ûčüũ ¹Ç�,��!¦čįā8YNĘ ªé
Ņ20/�ŁÉ


�/
ŷmHDR-V2ļČ� Ir2.A85-2ļČ����!ŷ¦čįā8YNĘ ªé3Ņ�����



� ���


 Report�!¹Çĉ'���İ¨��/ŸmHDR-V2ļČ� Ir2.A85-2ļČ!ŷD7@ ûč
üũ��/ Physikalisch-Technische Bundesanstalt (PTB)�CWY:HV�ċ´
µâ�0��/Ÿ
PTB! 2018¿�Report�¹Çĉ'��.ŷûč� ôÿ´Ý!ĵ 0.3%ªé�0��/ŸZá
�ļČPY8Y!ŷPTB� �ôÿ ķò3œw��ķòŷċ´� ôÿ´Ý3ªé��	�
�� 
�����ŸVS2000 ļČ ċ´y!5PU8 ôÿdøĿ��/ Accredited 
Dosimetry Calibration Laboratory (ADCL)�#¥¶ûčüũ��/National Institute of Standards and 
Technology (NIST)�CWY:HV��/Ÿ`Ŀ! 2019¿ 4ì ŕóèď�!Report�î¹Ç
��.ŷ2020¿oū�÷Ŏ3Ũ¯�/� 
�����Ÿ 
 

Ň 3 � 192IrļČPY8Y Report¹ÇĕĄ 
ļČQBV� mHDR-V2 Ir2.A85-2 VS2000 
ļČPY8Y� Mallinckrodt Medical B.V. Alpha Omega services 
�đûčüũ� PTB ADCL, NIST 
�đûčüũ  
Report¹ÇĕĄ 

ÕĜĉ (-0.34%) îÕĜŵ2019¿ 4ìèďŶ 

ļČPY8Y  
Report¹ÇĕĄ 

ÕĜĉ (ªé��) îÕĜŵ2019¿ 4ìèďŶ 

 
� ¥¶ûčüũ�ļČPY8Y Report $ ¹Çáŧ Ţ�!^ĩ	� ľ�á�ř¢�/
* ��/Ÿ¥¶ûčüũ!¼��^ĩ	��ûč3vĸ�/�)ŷReport�¹Ç�/¨�!
æĩ�ôÿ´Ý3ªé���/Ÿ�	��
-ŷ̂ ĩ	�!¥¶ûč	-ôÿdøĿŷôÿd

øĿ	-SY;Y ,��ôÿ3Ľ.Ŝ�À�­���/�)ŷļČPY8Y3�(SY;Y

����!ŷ¬� ¨�ŷReport¹Ç�Ä�ôÿ´Ý
^ĩ	� Ĵ¤��Zń�/Ÿ
 ,
��¨�ŷReport¹Ç�Ä ôÿ´Ý+ċ´y!�ı�y�'��0ŷReport¹ÇÄ�Á�ĺ
�Å� y3tĜ�/
�*�Ł��/ŸmHDR-V2 ļČ� Ir2.A85-2 ļČ����!ŉ�l
úê ¦čįā8YNĘ ^ĩ	�
 5%��0��.ŷ57>CYI�p+ć« ôÿüũ
�,/ôÿ ^ĩ	�,.*­��Ÿ&�ŷReport ÕĜ�,/ PTB  ¦čįā8YNĘªé
ť!ĵ 0.3%��.ŷäï ¨�(ĵ 0.8%),.*¼��Ÿª�ť
^ĩ	��¹�����¼
���)ŷļČPY8Y!k¡ ªé
ëĶĢ�ċ´y�ÃŰ������ôÿ´Ý3ªé�

�	��* �Öċ�0/Ÿ 
� ŃâŐ ċ´y�ŉ�lúê3ĀŚ��ŭ�!ú �^ĩ	�Ŋ¢�,.¾Ğ
Ě-/Ÿ̂

ĩ	�!ŷ"-���	�,.��ų�0/Ÿ"-��!Ľ.Ŝ�ċ´�,.ŷ	�,.!ň

ÿ�,.�0�0sĊ�/
�
��/Ÿu�"ŷ¥¶ûč Ţ�!	�,.��.ŷCWY

:FUA6 Ţ��,.¾Ğ3Ě-��/Ÿk¡ Report �,/¥¶ûč ªé*	�,.
�ľ�/
�
��/Ÿäï ¨�!ŷěĻĨ
ňÿxÝ3×v�/
��ŷôÿdøĿ+S

Y;Y ^ĩ	�3sĊ���/ŸļČPY8Y!|  ^ĩ	� ­��3ľÌ��ÃŰ


����ß���/�)ŷ
 ¹Çáŧ Ţ�
à��	�,. �¢��/ŸkÄSY;Y



� ���

 ċ´ķò�ļČPY8Y ċ´ķò ũx�Åð�!Ğ�/{�
Ě-/�ŁÉ
�/
ŷ

�
�!\ŏ ,��Ŋ¢
�&0��/
��ĝË�/ÆŊ
�/Ÿk¡ ,��ªé!ŷ

ŲÀ!½��*  kÄ*µâ�0/�ŁÉ
�/Ÿûč3vĸ�/ôÿdøĿ���!ŷk

Ä*ũx�Ï�šÚ��Ê§�í��)���ľ���/Ÿ 
 
�ľÞė 
1) ¥İĨĮŨġąjěøÑņĻ�ĨĮÏ, ICRU Report 90�¹Ç��įā8YNŵĘŶûč$
 ªé����. https://unit.aist.go.jp/nmij/news/2018/ 

2) ~ģī£ąjäïÛ»ļłğ²pŷ̧ º¼ļČăĠ� őĠXēęQANER5Vŷpp. 210–
224ŷ Ŧ��Ēŷñi 

�



� %��

 
I]Qō ICRU Report 90"µ
ĒķģÔÜĦËÍ#v#�Ì"�	� 

�� ��������������
������ � 
 � ���
�	�
��   

Consideration at the field of exploitation by change of the value of a calibration certificate 
ę�ûą�ö� �  

oĜ� Æ�  
 
ŉň$�," 
�ĻÃ¥Ē�mä¡��k(The international Commission on Radiation Units and Measurements: 

ICRU)
0 2016¬" ICRU Report 90 “Key Data for Ionization Radiation Dosimetry : Measurement 
Standards and Applications” �÷ĝ�3� 1)ňd!y£$Ňn9LY>]Ł��$ľ�"/2Ą

Þ#ľļ9LY>]#ĠÜ�¶ġŇé¥Ēķ
0ĄÞ;]Q&#Âć�2Ļ"w�"/1÷ð

��ŊÚľ�#ľĚķ5;]Q#ģć"�,!	Ňß�/%@WN78K#ľ�ĺÛĖ#Ģù

�"/1ľļķ
0ĄÞ;]Q&#ÂćtÅ5uÜŇĄÞ# Wv#aþ
�#Ģù�! �
�2ňICRU Report 90"$�30"/1zģć�3��ëï¡ÅŇ�ĠÜtÅŇ�ÂćtÅ�
�aþ
��ÿ�3�	2ň 
�3"l	ŇñÖ¾Ğđ�üă¼#ģķÙåđ�F\G]�ÔÜ��ĦËÍ#v� 2019 ¬

4Ï
0�Ì�!��ňXĒ"�	�$ŇĄÞ��ĒķíŇĄÞ;]QŅíņŇĒķ±ķŅíņ
#ÔÜ¡Å� 0.2Ŏ0.4%Ā®§��Ňú¤¿°aþ
�#v� 0.2%Ā®���2���ÿ�3
��1Ň¢òä¡�"�	�$�30#�Ì#��!³ŀ$è	��3�	2 2)ň 
���$ŇXĒĥÇŁ�#ģä"Ĺ42�30#�Ì"�	�#×ġ�î��#ô¹ç"�
	�İ'2ň 
 
Ŋň�Ì#×ġ 
S\I;Y[à"/2Ã¥Ē�ëĪ#úiqò#ģć$î��|"ĸ÷�3��1Ňä¡�

2����Ľ*�$a�Ė!�ł"�	�#9LY>]ěĂķ! #ģć"rò��2ňÃ¥

Ē�ëĪ�#úiqò"Ĺı�2�Ñø!ķ"Ĺı�2J]G�ä¡�ģć#bÉ"¶ġ�

�2��
0ŇICRU Report 90�$w�#ÇĿĂŇľ�ĺÛĖŇ8:\¤5ð»�2�,#«
�9LY>]! #J]GŅ=]J]Gņ�zÕĤ�3�ňÿ�3�=]J]G#^Ĵ5Table 
1"ÿ��ň 
ľ�
0æč8:\*�#āŃ#ĚľĊ�#ĺÛĖ"Ĺ�2dġ!J]G�ÕĦ�3ŇĄÞŇ

@WN78KŇß#«��ī9LY>]#v�aþ�5ÿ�Ň1 keV�1 GeV j_#9LY>
]ĉ�5;M]�2ĺÛĖ#ğ�ÿ�3�ň 
�0"ŇĄÞŇßŇ@WN78K#w�ÇĿĂ5zÕĤ�ŇĹı�2ä¡v�Ýį�Ň�3

0#aþ�#Á¡ďÓ5ÿ��	2ň*�ŇFrickeĒķģ#ä¡"ò	2Ã¥Ē� �ķŇ@
WN78KŇß#êķģä"~ò�2J]G�ġċ�3�	2ň 



� %��

XĒĥÇŁ�#ģä"Ĺ42d!y£$ŇĄÞc�8:\¤5ð»�2Ļ"âĩ�32«�
9LY>]#v�uÜ�3���"/1Ňn9LY>]Ł��$Wv5ĠÜ�2tÅ kW�¶ 
ġ!g�ÿ�3�(Fig.1)ň 
*�Ňé¥Ēķ
0ĄÞ;]Q&#Âć#Ļ"Ňw�"/1÷ð��hÚľ�#ľĚķ$;

]Q#ģć"�,!	���ĠÜtÅ kii�Àò�3�(Fig.2)ňbĕ5e����#�Ęw�"
¤�2ĠÜtÅ kiikW5 Fig.3 "ÿ��ň 

 
Table 1 Key data in ICRU Report 90 

!%2�$9$(�  "6C9�%#� .��0��� "6�2$9C6�#$2�52"5�
%�46"$29�$( ���

"6�2$9C6�
482�76 ���

�
129"�

6�64$"��� 		��
� 		��
� ��	(� ��
 "�$��� 	
�%	� 	
�

� ��
� ��)�

42"3���9��#� 	
�(� 	
�
�� ��(� ��)�
8' 
)�� �� �� ���(� ��

.29"� �(�(� �(�
� ��
� ��
.7� 
�� ��� %�%� 	���
.'� 
(� 
�� %�)� 
�
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Fig.3 Combined values of the correction factors kii and kW for low-energy monoenergetic photon beamsň 
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Fig.5� Ratios of the mass electronic stopping  power for electrons 
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ĒĪ c_(d−efgh	ij) 

ĮXĒ 10Ŏ40 keV QI=0.7 0.9956Ŏ0.9982 
  

NCX]E 0.9955Ŏ0.9981 

Q\S 24Ŏ35kV Mo/0.03Mo 0.9968Ŏ0.9971 
 

25Ŏ35 kV Rh/0.025Rh 0.9970Ŏ0.9972 

cýXĒ 40Ŏ250kV QI=0.9 0.9982Ŏ0.9993 
  

QI=0.5 0.9976Ŏ0.9984 
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Fig. 6 Water-to-air ratios of mass energy-absorption coefficients at Z cm depth 
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� ŀĽ(D7)!: � � � � � � � � �   � �   � �Į�   nj�}�� ����Wk 
ýv�Āîĵ� ēl�Gĩ 

� � � .F8ń�'F6 ;F-�é	�Ý�	ąĬÛ�� 
� � � � � 1.� Ě³Ĺw X ąy�é	9'F6 ;F-�ÆÍ1�	. 

� � � � � � � � � � � � � � � � đvóĀeï}�� SĔ� ²�  
� � � � � 2.� ÆÍ�õĀ� �Ėôþä 

� � � � � � � � � � � � � � � � � � � nj�}�� ��� Wk 
� � � � � 3.� Ý�	ąĬÛ�1�	. 

e�"D)2�AD%� ăÒ� �� 
� �       4.� ď�µę��Ý�	ąĬÛ�1�	. 

ĭÐ}�Ĵ�îĵ� Čñ� ]L 
� ŁĽ�įĪQĞ�ļĘÛĪQń[įĆĽ4 ½ 12 ¶ļĭĽ� � � � � � � � � � � �  
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Ô  ĐÌļMao-Chin HungĽ�
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3. Ď 
�đÍēĽĨjĥ=ODZ�

ÌÏœ���� ¯ 
Ó �� Ìō�Ŏ7��ÌōÌŎ�
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� � � � ÌÏœ���� ¯ 
Ó �
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8. ēĽĨĮu`ã 
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