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� � � � � � � � � � � �
� �

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

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

�� � � � � � � � � �� � �
� �

���� � � � � � � � � �
� � � � � � � � �7/'�� �

� � �� � � �'$3�>*\FP2].

7R� � � ��'$3�� � � �

(i)  � � � Â
(ii)  � � � � � � � � � � � � � �

7/'�� � � � � � � � � � �
(iii)  � � � � � � � � � �
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� � � �� � � � � �
� � ��&7',W�� � � � � � �'/3�� � � � � �

� � � � � � �

���� � � � � � � � '$3�� � �
� � � � � � � �� � � �
� � '$3� � � �� �� � � � �
� � � � � � � � �

� � � � �� � �� �
� � �� ��'$3� � � � � � � �

�� � � � �� � � � �� � �'$3� � �
� � � � � �� �� � � �
� � � � � � � �� � �

�� � � � � � � � � �
� � � � � � � � � � '$3�
� � � � '$3� � � � � �� ¶� �

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

� � � �

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

• � � � � � �� � � �
� � � � � � � ��

� � � �� � � � � �
� Â

• �� � � � � � � � �
� � � � � � � � �

� � � Â
• � �� � � � � � � �

� � Â
• � � � � � � � �

� � � � � � �37&$���
� � � � � � �� � �

Â
• � � � � � � � �� �

�� � � �� � �� � ��
� � � �

���� . � � � � � � � � � �
�� � � � � � � � � � �

� � � � � � � � � � � � �;�� �
�
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(i)  � � � � � � � � � � � �
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�� � �
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� �

� � � � � � � � � � �
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� � � � � �

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

�� � � � � �� � � � � � �
(NRP92)

����� �

���� � � � �� � � � � �
� ��0%T�� � � � � �

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

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

�

���� � � � �� � � ¶� � � � � �
� � � �� � � � �� �

� � � � � � �
�

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

• � � �� � � �� � � � �
� � � � � �� � � �

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

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

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

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

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

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

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

� � � � � � �� � ����
� � � � � � �� � � ,�

� �� � � � � � � � � �
� � � � � ��

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

� � � � � � � � �
�� � �� � � � � � �

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

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

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

� � � � �($10����� � �
�� � � � � � � � �� �����

� � � �� ��FRXQW�GHQVLW\�� � � � � � �� ¶�
� � � � � �� � � � � � �

� � � � �

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

� � � � � � �� �� ������
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���� �� � � � � � � � �� �:HEVWHU��&ODUNH�
<RXQJ��� � �($10���� � � � � � � � � �

������

� � � � � � ����*D�� � ��
�� � � � � �� �� � � �
� � � �� � � � � �
� � � � � � �

����� � �

���� � � ('� � � � ����� � �� ����� � � �
� � � �� � � �� �
� � � � � � � �

� � � ����� � � ����� �� � �
� � � � � � � � � �*\FP2.

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

� � � � � � � � � �
�&7�� � � � �� � � � � �

� � � � � � � � >(85��D@��
� � � ��� �� � � � � � �

� �� �� � � � � � � � �
� � �

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

� � � � � � � � � � � � �
� � � � � � � � � � � �
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���� � � � �� � � �
� � � � � �� � � , 1996 Quality Criteria

Reference Doses [EUR96]

1996 Quality Criteria Reference Dose
�

� �

[mGy]*)

� 0.3

� 1.5

� � � �
� � �

10

� � � � � 30

� � � �
�

40

� � � 10

� � � � 10

� � �**) 10

� 10

� 5

� 3

�
� � � �
� � � � �

10

�
� � � � 10

*) � � � � � � � � �� � � � �
� � � � � � � � � � � ��*\�
� � � � � � � � � � � �

� � � � ��� � � � � �� � �
� � � � �

**) � � � � � � � � � � �
�
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���� � � � � � �� �
� � �� � � � � � � � �

�� � � �������4XDOLW\�&ULWHULD�5HIHUHQFH�'RVHV�>(85��D@

������� � �
Quality Criteria Reference Dose

�
� �

[µGy]*)

� 100

� �� �� � �
�

100

� 200

� ��� � � 80

��� � 1500

� 1000

� 900

� �� ��� � 200

� �� � � � � � � 1000

� ��� �
�� � �
� � � �

� � � � �

� � �� � � � � � � �

� � �� � � � � � �

� �� � �
� � �

� � � � � �

� � � � �

� �� � �
� � � �

� � � � �

� ��0&8� � � � � �

*) � � � � � � � � �� � � � �
� � � � � � � � � ���*\�� � �

� � � � � � � � � �
� � � � �
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���� � � � � � �>153��@� �>1RU��@

�
� �

�

>*\�FP�@

NRPB, 1996 Nordic 96

1

4

� � 10

40 20

� � 25 25

60 50

*) � � � � � �

���� � � � � � � � � �
�� �� � � � �� ������
� � � � � � � ($10� �

� � ��>3LH��@

NJ � NJ
�

NJ �

3 0.10 22 0.50 42 0.78

4 0.14 24 0.53 44 0.80

6 0.19 26 0.56 46 0.82

8 0.23 28 0.58 48 0.85

10 0.27 30 0.62 50 0.88

12 0.32 32 0.65 52-54 0.90

14 0.36 34 0.68 56-58 0.95

16 0.40 36 0.71 60-62 1.00

18 0.44 38 0.73 64-66

20 0.46 40 0.76 68



19

���� � � � � � � �0%T

�
�

>0%T@

� ��� 10

,�����$ �� � 18

,����� 10

,����� ��� � 3

I-123-MIBG 35

I-131-MIBG 35

7F���P� �� � 80

7F���P� �� � � � 15

7F���P� �� � 20

7F���P� �� � � 10

7F���P�'73$�� � 20

Tc-99m-DMSA 15

Tc-99m-MDP ( � 40

7F���P� �� � �5%&� 20

7F���P�+,'$�� � � 20

7F���P�+03$2�� � 100

Tc-99m-HMPAO (WBC) 40

7F���P�0$$� � 10

Tc-99m-MAG3 15

7F���P� �� � � 20

7F���P� �)LUVW�3DVV� 80

7F���P� �� � �
� �

20

7F���P� �� � 10

7F���P�5%&�� � � 80
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���

�

� � LQ� YLYR� � � �� � �
� � � � �

� � �

� � � � � � �� � �
�� � �� � � � � �

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

� � � � � � � �

� � �

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

� � � � � �

� � �

� � � � � � � �
� � � � � � � �

� �

� � � � � � � � �
� � � � � � � � � �

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

�� � � � �� � �

� �

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

� �� � � � � � �� �
� � � � � � � � � �
� � � � � � �� � � � � �
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BSS96 ������� � � � ��� � ������ � �
� � � � � � � � � �
� � � � � � � � �

, L 159

EUR96 European Guidelines on Quality Criteria for Diagnostic Radiographic Images,
European Commission, EUR 16260 EN, June 1996

EUR96a European Guidelines on Quality Criteria for Diagnostic Radiographic Images in
Paediatrics, European Commission, EUR 16261 EN, June 1996

ICR73 ICRP Publication 73 (Annals of the ICRP Vol. 26 No. 2 1996) 5DGLRORJLFDO
3URWHFWLRQ�DQG�6DIHW\�LQ�0HGLFLQH; Pergamon Press, Oxford. 1996

MED84 � ������� � � � � � � � ����� �
� � � � � � � � �
� � � � � � � � �

L 265

MED97 � ������ � � � � �� � � ����� �
� � � � � � � � � �
� � � �� � � � �������� �

L 180

NOR 1996 Nordic guidance levels for patient doses in diagnostic radiology. The radiation
protection and nuclear safety authorities in Denmark, Finland, Iceland, Norway and
Sweden. Report on Nordic radiation protection co-operation No. 5, 1996.

NRP92 IPSN national protocol for patient dose measurements in diagnostic radiology,
1992 NRPB Oxon

NRPB 1996 D. Hart, M.C. Hillier, B.F. Wall, P.C. Shrimpton and D.Bungay. Doses to Patient
from Medical X-ray Examinations in the UK – 1995 Review. National Radiological
Protection Board. Publication NRPB-R289, 1996.

Pha93 Test Phantoms and Optimisation in Diagnostic Radiology and Nuclear Medicine.
Proceedings of the Workshop jointly organised by the CEC, the
Forschungszentrum für Umwelt und Gesundheit, Neuherberg (FRG), the ICRU
and the European Federation of Medical Physics, held in Würzburg (FRG), 15-17
June 1992. Edited by B.M. Moores, N. Petoussi, H.  Schibilla, D. Teunen. report
EUR 14767 EN, Radiation Protection Dosimetry, Vol. 49, Nos 1-3, 1993

Pie90 Piepsz A., Hahn K., Roca I., Ciofetta G., Toth G., Gordon I., Kolinska J., Gwidlet
J. A radiopharmaceuticals schedule for imaging paediatrics. Eur J Nucl Med, 1990;
17: 127-9
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� � 1) � � � � � � � � � � �� � � � � � � �
� � � �

2) � � � � � � � � � � � �� � � � �
�

� P6Y��(�
�����0%T �� � � , � � � �

Tc-99m-HMPAO 1 500 740 740
660

(444-900)
740 500 600 830 / 1110 750

776
(125-945)

I-123-
iofetamine(IMP)

32 200 185�

Tc-99m-ECD 1 500 740 750 740

I-123-IBZM 740 185

I-123-iomazenil
120

(111-185)
185

Tc-99m-pertechn. 1.3 80-180 80
130

(74-185)
74 50 120 / 140

��

I-123-NaI 15 20 20
12

(7.4-18.5)
18 115 / 150

I-131-NaI 1500 0.2 1.1 3 (0.7-3.7) 0.37 3 2 / 100�

� �
� ��,����

I-123 15 2 6 (0.7-15) 1.9

I-131-NaI 230 400 170 185 185
�

��
�������

I-123-NaI 3.8 400 (74-370) (0.3-3700)
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� P6Y��(�
�����0%T �� � � , � � � �

� � �

Tc-99m-sestamibi 1.25 150 - 350 9 300 740
1020

(820-1050)

:
370

� 925

700 / 1650 1000

Tc-99m-
tetrofosmin

± 1
400

(SPECT)
750 / 1250 1000

615
(450-860)

�
�RU

SPECT)

Tc-99m-colloid
(HSA)

± 1 800
730

(550-740)
idem 740 560 / 750

Tc-99m-pyrophos. 0.5 600 925

�&$' Tc-99m-pentetate 1.15 750 800 555 650 / 650

�� �
Tc-99m-RBC 1 500

570
(370-740)

925

�1110

600
710

(73-1110)

Tl-201-chloride 22.5
100

reinj. 50
199

(74-111)
�111

reinj.
55.5

75 150 / 80 200
94

(72-100)

Tc-99m-MAA 80 80

� �
� �

,�����
�

�
10 4 3.7 3.7
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� P6Y��(�
�����0%T �� � � , � � � �

� � �

�
Tc-99m-colloid 1 400 555 550 270 / 600

Tc-99m-denat
RBC

2 80 100 73 90 / 195

�
Tc-99m-normal
RBC

± 1 800 1.85-3.7 555 530 / 800 233

�
Cr-51-labelled
erythrocytes

37.5 6 kBq/kg 0.8 3.7 2.2

� I-125/131 HSA 30 0.2 0.37 360 / 450
0.22

(0.07-1)
� Fe-59-chloride 1000 1.3 kBq/kg 0.4 0.37-0.56

Tc-99m-
MDP/HDP

0.5
< 40y: 400
> 40y: max
800

600
SPECT:800

740
610

(370-740)
SPECT:700

925
SPECT:

740

� �� �

In-111-labelled
WBC

45 30 20 18.5 20/20 ?? 16 (9-30)

Tc-99m-labelled
WBC

± 1 500 200
290

(110-666)
555 222 190/1000

471
(195-800)

Ga-67-citrate
WB

11.3 150 150 222 148 270 / 370 400 106

lungs 40 111
I-131-MIBG 20 30 20 18.5 37 20 / 40 100 34

I-123-MIBG 1.8 300 400 370 185 250 217
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� P6Y��(�
�����0%T �� � � , � � � �

Tc-99m-MAA or
SPECT

1.25 100
100
200

110
(50-185)

110
220

200 111 105/ 1000 300
112

(50-185)
Kr-81m gas
usually < 5 min

0.003
450-750

MBq/min
6000

1000
MBq/l

Tc-99m-aerosols ± 1 1000 370 1110 1000 444 280 / 2000 13 (7-40)

Xe-133-gas 0.1 400 740 3700 280 / 2000
1100
MBq/l

396

�

Tc-99m-Sn-
colloid

2.25 10 40 37 37 20 / 30

Co-57-cyanocob. 250 0.02 0.1 0.0185 + 0.037 0.0185 0.032 / 0.3 0.14
�6FKLOOLQJ

Co-58-cyanocob. 500 0.0296 0.29

Tc-99m-pertechn. 1.25 200 400 150 185 170 / 400 200
238

(74-500)

��
� � XSIIHU�

Tc-99m-Sn/S/alb-
colloid or phytate

1 80
80

SPECT 200
185 222 185 200 / 800

83
(45-217)

�

Tc-99m-HIDA /
DISIDA /
IODIDA

1.3 40 150 222 370 185 145 / 195
173

(30-370)
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� P6Y��(�
�����0%T �� � � , � � � �

I-125-IOT / IOH 1 (+ IOH) 2 2

I-125-DTPA
70

(37-370)
185

(100-200)
150

��*)5
Cr-5-EDTA 0.2 3 4.4 (2-7) 3 / 62

3.8
(1.8-36)

Tc-succimer
(DMSA)

0.88 80 80 185 70 111 50 / 200 200 68

Tc-DTPA 0.67 80 300
130

(111-148)
150 111 125 / 1000

200
(74-740)

165
(20-350)

Tc-MAG3 0.7 40 100
110

(60-370)
100 200 111 90 / 1000 280 92 (3-210)

,�����
(IOH)

1 20 20
9

(0.35-37)
75 110 111 74-740

I-131-IOH 2 1.85-3.7 0.074
3.4

(0.9-11.1)

1 ��
ERPF

I-125-IOH 1 2 1.85-3.7

- �
Tc-Na-pertechn. 1.2 30 25 37

1 � �� � � � � � � � �� � � � � � � � � ��
� � � �

2 UK: ICRP-53
3 �� � � � � � � � � � � � � �������
4 , �� � � � � � � Â� � �� � � � � � � �
5 �� � � � � � � � � � � � � � � �
6 �� � � � � � � � � �
7 ��� � � � � �� � � � �
8 �� � � � � � �� � � ������
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� � � � '� �������( �� � � � � � �
� � � � � � � �

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

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

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

� � �


