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Estimation of Frequency, Population Doses and Stochastic Risks in
Medical Uses of Radiopharmaceuticals in Japan, 1982
2. Determination of Organ or Tissue Doses and Effective Dose Equivalents

Takashi Maruyama, Hireshi Yamaguchi, Yutaka Noda, Yoshikazu Kumamoto®,
Kazuo Iwai** and Kanae Nishizawa™**
*Division of Physics and Technical Services, National Institute of Radiological Sciences
**Department of Radiology, School of Dentistry, Nihon University
***Department of Radiology, School of Medicine, Kyourin University

Research Code No : 302, 302.1

Key Words : Medical exposures, Nuclear medicine, MIRD,
Internal dose calculation, FPopulation doses

When evaluating population doses and stochastic risks from the uses of radiopharmaceuticals in
diagnostic and therapeutic nuclear medicine, the determinaiton of organ or tissue doses is essentially
required. The dose determinations of organs or tissues from radiopharmaceuticals deposited in the
human body can be carried out with the MIRD system originally developed by the Society of Nuclear
Medicine in U.S.A., although they depend on various factors, such as the physical properties of the
radionuclides and the biokinetics of the radiopharmaceuticals in the organism.

The absorbed doses of organs or tissues related to the population doses and stochastic effects were
calculated with a modified MIRD technique for Japanese physiques, using biokinetic data complied
from a few scientific literatures. The effective dose equivalents per unit activity of radio-
pharmaceuticals commonly administered in nuclear medicine were calculated according to the ICRP
recornmendation.

The resultant organ or tissue doses per unit administered activity (10-1* Gy Bq-') were ranged
from 0.01 to 108, depending on the types of organ or tissue and radiopharmaceuticals. A maximum
effective dose equivalent for the most common use of radiopharmaceuticals in diagnostic nuclear
medicine procedures was 85.6 xSv for sodium iodine-131 and a minimum value of 0.0076 xSv from
BI[-Hippurate.
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Table 1 Lists of Radiopharmaceuticals with
Their Simbols.

Simbols Radionuclides Radiopharmaceuticals
Jicsl ST e Pertechnetate
Te-2 L) MDP
Te-3 99 T Colloidal Sn-hydroxide
Tc-4 bl i Phytic acid
Te-5 #WmTe Albumin
Te-6 HaTc DTPA
Te-7 wmTe HIDA
Tec-8 Ll PYP
Tec-9 PN MAA
Te-10 Lo i) REC
Te-11 Sy Others

I-1 o Fibrinogen
I-2 i Adosterol
I-3 LLH Hippurate
I-4 1 HSA
I-5 aaty Nal
1-6 128] Nal
-7 125 HSA
1-8 125 PVP
1-9 123 Hippurate
Ga-1 Ga Citrate
TI-1 L | Chloride
Se-1 5e Selenometionine
Se-2 "5e Cinitadrain
Xe-1 185% e v
Xe-2 133%e Gas
In-1 Hamy DTPA
In-2 Hn Chloride
In-3 Hp Oxine
Au-1 1Ay Colloid
Kr-1 simgr Generator
Kr-2 simr Gas
Cr-1 Cr NaCr
Cr-2 MCr RBC
Fe-1 *Fe Ferric citrate
Co-1 *Co Cianocobalamin
Co-2 ®Co Cianocobalamin
Ca-1 YCa CaCl
AAERRE 483 #1258
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Table 2 Mean residence time =, of radiopharmaceuticals in typical organs or tissues (in hours). (see Table 1)

. Upper
Radiopharma- et Tuotal . E . i L Total
mficals Ovary Testis Skeleton  Lhyroid Lung Liver Kidney Spleen  Pancreas ln];:'; tg:.: . Adrenal Body
Te-1 0.000852  0.00382 1.08 0.145 0.103 0.186 0.0293 0.0179 0.00621 0.0206 0.00160 7.67 _
Te-2 0.000651  0.00292 0.825 0.00155 0.0787 0.143 0.0224 0.0137 0.00475 0.0158 0.00122 5.17
Te-3 0.0000525 0.000235 0.0665  0.000125 0.00634 7.40 0.00130 0.609 0.000383  0.00127  0.0000984 8.44
TC-4
TC-5 0.00101 0.00451 1.27 0.00239 0.122 0.220 0.0345 0.0211 0.00733 0.0243 0.00189 .50
TC-6 0.0000511  0.000229 0.0647  0.000121 0.00617 0.0112 3.89 0.00107  0.000372  0.00124  0.0000958 4.4
TC-7 0.00000144 0.00000646 10.0 0.00000342 0.000174  1.96 0.0000495  0.0000302 0.0000105 4.23 0.00000270 16.2
TC-8 0.0031 0.00714 5.13 0.0000670  0.00341 0.00618 0.158 0.000593 0.000206 0.000683 0.0000529  5.50
TC-9 0.000278  0.00124 0.352 0. 000660 4.02 0.564 0.00956 0.00584  0.00203 0.00673  0.000521 6.84
TC-10 0.000123  0.000553 0.156 0.000293 0.0149 0.0270  0.00424 7.66 0.000899  0.00298  0.000231 8.70
I-1 0.0329 0.0148 41.7 0.0781 3.98 7.20 1.13 0.691 0.240 0.796 0.0617 278.
I-2 0.0117 0.0523 14.8 1.14 1.41 2.55 0.401 0.245 0.0849 0.282 1.43 101.
1-3 0.0000194 0.0000870 0.0246  0.0000460  0.00234 0.00424 0.264 0.000407 0.000141  0.000469 0.0000363 0.427
I-4 0.0205 0.0918 25.9 0.0486 2.47 4.48 0.704 0.430 0.149 0.495 0.0384 173.
I-5 0.00199  0.00892 2,52 97.2 0.240 0.435  0.0683 0.0417  0.0145 0.0481  0.00373  114.
I-6 0.000703  0.00315 0.890 5.06 0.0850 0.154 0.0242 0.0148 0.00512 0.0170 0.00132 11.0
I-7 0.0637 0.285 80.6 0.151 7.69 13.9 2.19 1.34 0.464 1.54 0.119 538,
I-8 0.0413 0.185 52.3 0.0980 4.99 9.03 1.42 0,867 0.301 0.999 0.0774 9.
1-9 0.0000304 0.000136 0.0385 0.0000722  0.00368 0.00665 0.516 0.000639 0.000222  0.000736 0.0000570 0.772
Ga-1 0.00966 0.0433 15.8 0.0229 1.17 4.51 0.680 0.627 0.0704 0.234 0.0181 B8.4
TI-1 0.00845 0.174 10.7 0.121 0.0320 7.02 2.82 0.177 0.0616 0.194 0.0158 80.6
Se-1
82 0.285 1.28 216. 1.3 40.8 188. 34.5 12.4 1.46 4.12 0.319 1650.
i:—; 0.0000479  0.000215 0.0607  0.000114 0.00579 0.0465  0.00165 0.00101  0.000349 0.00116  0.0000898 0.441
In-1 0.00204 0.00916 2.59 0.00485 0.247 0.447 31.3 0.042¢ 0.0149 0.0494 0.00383 48.5
In-2 0.00777 0.0349 9.34 0.0185 0.0939 32.0 0.267 0.163 0.0567 0.188 0.0146 96.0
In-3 0.0809 0.363 102. 0.192 9.78 17.7 2.78 1.70 0.590 1.96 0.152 684.
Au-1 0.000793  0.00356 1.00 0.00188 0.0958 83.3 0.0272 2.79 0.00578 0.0192 0.00149 93.1
Kr-1 0.000781  0.00350 0.989 0.00185 0.0944 0.171 0.0268 0.0164 0.00569 0.0189 0.00146 6.60
Kr-2 0.00000206 0.00000923 0.00261 0.0000048% 0.0133 0.120 0.0000708  0.0000432 0.0000150 0.0000498 0.00000386 0.150
Cr-1 0.0378 0.169 47.8 0.0897 4.56 8.26 1.30 0.793 0.275 0.914 0.0708 319.
Cr-2 0.0534 0.239 67.6 0.127 6.45 1.7 1.83 150. 0.389 1.29 0.100 600.
Fe-1 0.125 13.9 158. 0.296 30.0 329. 43.0 54.0 0.910 3.02 0.234 1475.
Co-1 0.870 36.5 48.1 0.00632 0.322 2215. 69.3 16.8 0.0194 0.0644 0.00499  2500.
Co-2 0.250 10.5 13.9 0.00182 0.0928 638. 20.0 4.85 0. 00560 0.0186 0.00144 720.
Ca-1 0.000139  0.000624  95.0 0.000330  0.0168 0.0304  0.00478 0.00292  0.00101  0.00337 0.000261  96.0

T, TR L hofERO 0,2 BET 5 Cloutier F

wEL T3, KEETI,

ZORIEFEE AW

Mz X b, Table 2D X 5 IZEHE L,
3. BtE#ER

3.1, [EEE - ARG E

BAADOZE B - S8l sH8s L0
ERHNEEEOWTL, ARBYOF—- 22055,
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Table 3 Organ or Tissue Dose per Unit Administered Activity of Radiopharmaceuticals (10-2 pGy per Bq).
(see Table 1)

Radio-

S{nner
”Eﬁ;ﬁ_a‘ Ovary Testis Mgrﬁ:w Breast  Thyroid Lung SErci'geoe *Liver *Kidney  *Spleen  *Adrenal IQE'E;
cals intestine
Te-1 2.19 2.07 2.32 0.888 12.2 2.66 4.15 3.55 3.15 3.7 2.90 2.15
Te-2 2.29 1.90 7.65 1.87 2.17 2.54 13.8 2.90 2.61 2.54 3.01 2.m
Te-3 1.29 3.06 3.80 4.51 0.529 6.33 5.84 105.6 10.8 4.1 11.8 6.13
Te-4 1.29 3.06 3.80 4.51 0.529 6.33 5.84 105.6 10.8 74.1 11.8 6.13
Te-5 1.24 0.487 4.56 5.07 1.74 68.1 5.69 7.20 45.3 9.54 1422. 2.21
Te-6 0.983 0.669 1.12 0.390 0.710 0.934 1.80 1.70 25.2 2.16 2.38 1.06
Te-7 17.6 2.39 19.4 5.56 2.61 4.81 3.42 33.5 8.68 4.27 7.39 205.
Tc-8 6.75 3.68 8.95 2.08 1.46 1.76 16.0 1.56 10.5 1.63 2.51 1.43
Tc-9 0.889 0.569 2.85 4.27 1.73 63.0 4.18 11.2 2.44 3.85 4.76 1.24
Teld 1.27 0.361 3.3 2.82 0.472 5.64 4.97 3.80 21.7 909. 15.3 3.55
I-1 32, 508. 4. 70.5 548. bB2. 6833, 723, G05. 726. 715. 403.
I-2 224, 180. 93.3 27.0 T253. 210. 251. 262. 229. 265. 13860, 144,
I-3 0.649 0.332 0.510 0.272 0.343 0.554 1.35 1.33 123. 2.38 3.00 0.900
I-4 438, 350, 161. 43.6 338, 359. 449, 448. 376. 450. 443. 266.
I-5 9.4 30.9 62.5 62.8 6.17 > 108 123. 356, 56.3 40.7 4.9 59.1 25.4
1-6 2.76 2.24 8.30 1.86 5850. 4.50 16.3 4.31 3.15 3.83 3.51 2.27
I-7 151 132. 789. 8.7 130. 157. 1440. 225. 163. 209. 170. 112.
1-8 98.2 8.7 512. 5.68 84.2 102. 932, 146. 106. 136. 111. 72.8
1-9 0.334 0.116 0.724 0.216 0.112 0.278 1.03 0.945 50.9 2.07 2.66 0.632
Ga-1 46.0 36.2 38.9 12.7 39.5 46.3 79.9 117. 9.8 151. 60.0 36.1
TI-1 38.6 91.7 38.9 7.83 123, 9.47 70.2 127. 228. 45.3 48.5 37.0
Se-1 1105. 876. 1360. 694, 1480. 1620. 2280. 5790. 42530, 3180. 2000. 1170.
Se-2  1105. 876. 1360. 604, 1480. 1620. 2280. 5790. 4290, 3180. 2000. 1170.
Xe-1 0.443 0.362 0.256 0.100 0.406 32.2 1.19 0.562 0.417 0.580 0.571 0.253
Xe-2 0.443 0.362 0.256 0.100 0.406 32.2 1.19 0.562 0.417 0.580 0.571 0.253
In-1 48.0 13.8 85.0 35.0 13.2 8.2 107. 135. 4760. 283, 344, 95.5
In-2 23.8 19.0 56.9 8.74 20.5 24.5 103. 8.9 28.9 2.6 29.8 21.8
In-3  516. 412, 1234. 190, 444, 532. 2230, 844. 6i28. T08. 6d6. 474,
Au-1 3.2 15.5 110. 144. 2.3 205. 567 12310. 327, 4420. 417. 210.
Kr-1 4.98 4.02 1.63 0.593 4.31 4.6% 3.92 5.73 4.749 5.71 5.58 3.2
Kr-2 0.0291 0.0115 0.0472 0. 0800 0.0203 0.677 0.162 3.78 0.153 0.0552 0.204 0.0970
Cr-1 56.5 44.1 51.4 16.2 49.1 54.8 107 30.4 62.5 71.4 9.4 45.5
Cr-2 43.7 28.1 42.6 22.7 1.7 58.8 84.4 51.3 137. 4640, 114. 428.
Fe-1 L69x10° 3.64x10°  2.32X10° 1.98%10° 8.69x10° 5.76x10° 5.36x10° 3.55x100  2.20x1*  4.77x10¢ 7.20x10°  2.98x10°
Co-1 2.23%10° 1.60x10*  1.07x10° 1.31x10° 1.06x10° 1.80x10° 1.72x10° 351100 T.4HXI0C 3.40%10° 333207 1.91 =107
Co-2 L93x10° 1.34x10¢ 1.29%10° 2.43%10° 3.10%10* 3.55x10° 1.50%10° 4.35X100 9.7TRI0C  4.67x10° TA48X10°  3.77=1?
Ca-1 205. 160. 211. n7. 193. 217. 164. 238. 238. 166. 355. 168,
Weighting 0.25 0.25 0.12 0.15 0.03 0.12 0.03 0.06 0.06 0.06 0.06 0.06
Fa&ar"
T

*remaining organs or tissues for the calculation of effective dose equivalent.

LT\ 5, Table 4 39" Te # & HEIES IO
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**Weighting factors recommended by the ICRP.
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(58) HABEMEE F48% #1125



Al EEF b5 4

1541

Table 4 Age-dependent Organ or Tissue Doses per Unit Administered Radioactivity (10-* pGy per Bag).

(see Table 1)
*mTc Radiopharmaceutocals
Age Te-1 Te-2 Te-3 Tec-4 Tec-5 Tc-6 Te-T Tc-8 Tec-9 Te-10
1 9.51 9.10 4.25 4.25 4.63 4.12 56.1 30.7 3.66 4.43
B 5 5.62 5.45 2.62 2.62 2.80 2.45 34.8 18.1 2.18 2.7
8 10 3.47 3.48 1.80 1.80 1.83 1.53 24.2 10.1 1.38 1.82
© 15 2.22 2.32 1.31 1.31 1.26 0.997 17.7 6.86 0.901 1.29
25 2.19 2.29 1.29 1.29 1.24 0.983 17.6 6.75 0.890 1.27
1 16.4 13.9 1.46 1.46 4.42 6.43 7.66 32.4 5.41 2.75
o 5 18.4 14.4 1.27 1.27 4.87 7.19 4.76 35.4 6.03 2.89
E 10 13.1 10.2 0.895 0.895 3.46 5.11 3.32 25.1 4.29 2.05
& 1 1.99 2.12 0.321 0.321 0.566 0.786 2.42 4.24 0.668 0.406
25 1.69 1.90 0.306 0.306 0.487 0.669 2.39 3.68 0.569 0.361
g 1 7.27 24.5 11.6 11.6 13.8 3.51 62.0 28.7 8.70 10.1
E 5 4.51 15.2 7.20 7.20 8.55 2.18 38.5 17.8 5.40 6.28
= 10 3.14 10.6 5.01 5.01 5.95 1.51 26.8 12.4 3.76 4.37
g 15 2.32 7.73 3.84 3.84 4.61 1.13 19.7 9.05 2.88 3.37
= 25 2.29 7.65 3.80 3.80 4.56 1.12 19.4 8.95 2.85 3.34
= 32.9 12.7 49.6 49.6 471. 10.1 100. 18.8 41.4 199.
2 _f'"; 5 23.9 9.42 33.1 33.1 281. 6.86 61.3 15.4 29.7 130.
E E 10 16.6 6.68 24.8 24.8 174. 4.93 39.9 11.0 24.1 100.
l.g L | 11.2 3.45 17.9 17.9 103. 2.65 26.8 4.99 11.2 5.7
25 10.0 3.35 15.3 15.3 101. 2.60 26.1 4.91 10.7 62.8
1 50.1 13.9 48.9 48.9 471. 10.7 87.9 19.3 41.8 199.
Eg o 5 27.1 11.7 32.8 32.8 281. 8.04 61.6 19.7 30.7 130.
35’5 10 19.0 8.36 24.6 24.6 174. 5.83 4.7 14.4 24.8 100.
E 15 11.5 3.40 17.5 17.5 103. 2.65 23.0 4.34 12.6 75.9
25 10.4 3.25 15.1 15.1 101. 2.53 22.3 4.14 10.7 63.0

ho, i B EE KBLETs X UEIB
5o%ED OfEEE - kL L, Thoos -
o E% Table 3 12R7, (93 Table3 ®
EXRALT, BAEE5EEH ) OEHHEUE
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Table 5 Effective Dose Equivalents per Unit Administered Radiopharmaceuticals and Effective Dose
Equivalents for Typical Administered Activity (See Table 1).

Effective Dose Equivalent per

Typical Administered

Effective Dsoe

Type of Unit Administered Activit Equi
. y quivalent
Raé.:légglg:lrsma Male Fernale (uSv)
- pSv Bq ' (uSv mCi~*  pSv Bq *(Sv mCi~) Baq(mCi) Male Female
Te- 1 9.89Xx107* (3.66 X 10-") 1.00x10-2(3.70%10-")  5.55x10% (1.5X10' ) 5.49x10°  5.5510¢
Te- 2 3.24 X107 (1.20X10-1)  3.35%107*(1.24x10"%) 7.4 x10°(2.0x10' ) 2.40X100  2.48x10°
Te- 3 1.51x1072(5.58x10-1) 1.53x1072(5.67x10"")  1.67x10°(4.5X10° ) 2.51X10°  2.55>10°
Tc- 4 1.51%102(5.58x10"*) 1.53x10-2(5.67 %101 1.85X108(5 X10" ) 2.79%100  2.84x10°
Te- 5 1.01X107* (3.72X10° ) 1.01X107'(3.73X10° ) 7.4 x10°(2.0%10' ) T.44 X100 7.46 10
Te- 6 2.53X10%(9.35X1072) 2.61X10-*(9.64x10-2) 1.85x108(5 x10° ) 4.68X10°  4.82x10
Te- 7 2.23x1072(8.26x107")  2.61x107%(9.67Xx10"")  5.55%10%(1.5%10' ) 1.24x10! 1.45>10!
Te- 8 4.14X10"*(1.53x10"") 4.92x107%(1.82x10-1) 3.7 xX10°(1.0X10" ) 1.53x10°  1.82=10°
Te- 9 1.07X1072(3.95x10~") 1.08x107*(3.98x10-1) 5.55x10®(1.5X10" ) 5.93x10°  5.97x10°
Te-10 6.27X1072(2.32X10° ) 6.27X1072(2.32>10° )  1.85%10%(5 x10°) 1.16% 10! 1.16>10"
I-1 4.68x107* (1.73X10" ) 4.97x10-'(1.84x10") 7.4 X10°(2 x107Y) 3.46X10°  3.68x10°
I= 2 1.51x10° (5.60x10" ) 1.52x10° (5.64x10' ) 3.7 x10°(1 x10° ) 5.60x10"  5.64 x10
I- 3 8.19>107*(3.03x10-") 8.27x107*(3.06X10"")  9.25X105(2.5x10°2%) 7.6010-%  7.70x10-*
I- 4 5.14X107' (1.90x10' ) 5.35%X10°'(1.98x10' )  5.55x10°(1.5x10-") 2.85x10° 2.97x10°
I-5 4.63x10" (1.71x10* ) 4.63x10* (1.71x10° ) 1.85x10°(5 X102 8.56x 10! 8.56 %10
I- 6 3.95X107' (1.46X10" ) 3.95X107'(1.46X10" ) 1.11X107(3 x10-Y) 4.38x10°  4.38x10°
-7 2.48X1071(9.17x10° ) 2.52X107'(9.34x10° ) 3.7 X10°(1 X10-%) 9.17:x107*  9.34x10-?
I- 8 1.33%1071(4.91x10° ) 1.64x10-'(6.06x10° ) 1.48X10°(4 x10-2) 1.96:x107*  2.42x10°!
I- 9 3.70x1072 (1.37X10"")  3.76X10-3(1.39X10°") 3.7 X10°(1 x10°) 1.37x107%  1.39x10°!
Ga- 1 4.81X1072(1.78X10° ) 5.46X107(2.02X10° )  1.11X10°(3 X10°)  5.34X10° 6.06X10°
TI- 1 8.43X1072(3.12X10° ) 7.11X102(2.63x10°) 7.4 X10°(2 x10°) 6.2410°  5.26 x10°
Se- 1 1.81x10° (6.71x10" ) 1.87x10° (6.92x10' )  9.25Xx10°(2.5x10°") 1.68:x10! 1.73x10°
Se- 2 1.81x10° (6.71X10" ) 1.87x10° (6.92x10' )  9.25%10°(2.5x10-") 1.68:x10"  1.68x10}
Xe- 1 4.19%107% (1.55X10-") 4.22x10-*(1.56x10"") 3.7 X108 (1.0x10' ) 1.5510° 1.56 x10°
Xe- 2 4.19%1073 (1.55X10~")  4.22x107*(1.56X10"") 3.7 X10%(1.0X10' ) 1.55x10° 1.56 X10°
In-1 3.70%1071 (1.37X10° ) 3.78x107'(1.40x10' ) 3.7 x10°(1 X100 ) 1.37x10 1.40 10!
In- 2 2.86>1072(1.06x10° ) 2.97x1072(1.10x10° ) 7.4 xX10°(2 X10°) 2.12X10°  2.20X10°
In- 3 6.22>107' (2.30X10" ) 6.49x107' (2.40X10" )  2.22X10°(6 x10-1) 1.38:<10° 1.44 X10*
Au-1 115100 (4.27x10" ) 1.16X10° (4.29x10* ) 1.11x108(3 x10-%) 1.28x10° 1.29X10°
Kr-1 3.59x107*(1.33X107Y)  3.84x10°*(1.42%10"") 1.85x108(5 x10° ) 6.65:<107"  7.10 %10
Kr- 2 3.59%10-*(1.33%107%) 3.76x10-*(1.39x107*) 3.7 x108(1.0x10" ) 1.37X107"  1.39%10™
Cr-1 5.30X10-*(1.96X10° ) 5.38x10°2(1.99x10° ) 3.7 xX108(1 x10-") 1.96x10°" 1.99x10°!
Cr- 2 3.43X1071(1.27x10 ) 3.46X107'(1.28x10' ) 3.7 X10°(1 x10-Y) 1.27X10° 1.28x10°
Fe- 1 L77X10' (6.55X10% ) 9.11X10° (3.37X10* ) 7.4 X10°(2 X109  1.31x10' 6.74X10°
Co- 1 7.95X10' (2.94X10° ) 4.51%10° (1.67x10° ) 1.85X10°(5 X10-%)  1.47x10' 8.35x10-
Co- 2 8.92X10' (3.30X10* ) 6.05X10° (2.24X10°) 3.7 X101 X10-*)  3.30X10~" 2.24X10~
Ca-1 6.51%107' (2.41X10" ) 6.62x107'(2.45X10" )  5.55%10%(1.5%10' ) 3.61x10*  3.67 x10°
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