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Estimation of Population Doses from Medical Uses of
Radiopharmaceuticals in Japan, 1977
I. The Number of Medical Examinations Using Radiopharmaceuticals

Tadashi Hashizume, Takashi Maruyama, Yukio Tateno* and
Hiroshi Yamaguchi
Division of Physics and Clinical Research* » National Institute of Radiological Science,
9-1, 4-chome Anagawa, Chiba, 280, Japan
Kanae Nishizawa
Diepartment of Radiology, School of Medicine, Kyorin University, Shinkawa
6-20-2, Mitaka, Tokyo, 181, Japan

Research Code No.: 302

Key Words: Population dose, Medical exposure, Nuclear medicine,
Radiopharmaceuticals

For the estimation of population doses from radiopharmaceuticals used in medical diagnosis and
radiotherapy, a nation wide survey of randomly sampled hospital and clinics was made on the number
of radiopharmaceutical examinations and the annual amount of radionuclides. The survey was con-
ducted throughout Japan from 3rd October to 2nd November in 1977. The annual nuraber of radio-
pharmaceutical examinations and the annual amount of activity was estimated by multiplying the
number per month obtained from medical facilities by the product of the sampling rate and response rate.

The annual number of diagnostic examinations using radiopharmaceuticals was 0,282 million for
males and 0.259 million for females, with a total of 0.541 million. The annual total amount of activity
was 1037Ci (38.4 TBq) for males and 811Ci (30.0 TBq) for females, with a total of 1848Ci (68.4 TBq).
The annual number of treatments of the thyroid using *'T was about 1400 for males and about 4200 for
females, with a total of 5600. It is noted that the examinations using %®T¢ zecount for 52 percent
of total annual number of radiopharmaceutical examinations.
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Table 1. Radionuclides and Radiopharmaceuticals

Radio-
_nucIides

Radiopharmaceuticals

Te-1 | TeO, (pertechnetate)

Tec-2 | Albumin

Tec-3 | Sn-colloid, phytate, sulfur colloid
Tc-4 | DTPA

Tc-5 | pyrophosphate, diphosphate

Te-6 | MAA

Tec-7 | gluconate, DMSA

Te-7 | others
I-1 Nal

1-2 | NCL-6-"*'T (adosterol)
I-3 albumin

L] I-4
I-5 Rose Bengal
I-5 | BSP

I-7 | MAA
TR

I-9 | others (*'I and '**I)
*Co Co-1 | cyanocobalamin, Co-BLM

il T1-1 | Tl-chloride

Liyh Yh-1 | DTPA.

1034u Au-1 | colloid

Se Se-1 | selenomethyonine

9mTe

sodium iodohippurate

123}[

Cs-1 | ceriurn chloride
910

Cs-2 | others
“Ga Ga-1 | Ga-citric acid
9¢Hg | Hg-1 | chlormerodorin

Hg-2 | chlormerodorin

EU:E:H
i Hg-3 | others
— Xe-1 | gass
Xe-2 | Xenon-133 in saline
In-1 | DTPA
111 In

In-2 | others

BmKyr | Kr-1 | gass or liquid

e Fe-1 | Fe-chloride or citric acid

§1Ce Cr-1 | sodium chromate
SRb Rb-1 | Rb-chloride

azp P-1 | #*P-DFP

Others |
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70
276

34
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36
172

106
214

34

344

34

70
107

34

172
101

34

178

67

34

25707 | 24182 | 21027 | 25099 | 2896 (258667

70
789
101

140
142

34

134

70
343
101

176

36
34
34

36
206

34

176

101

34

24117 | 26537 | 31831

36
207

107

102

19991

106

172

178

34

34

16610

106

138

101

70

34

67
34

16592

106

137

67
34

36

34
9950

36

5111

36

34

4297

34

2518

70

107

2202

Hg-1

Hg-2
Hg-3
Xe-1

Xe-2

In -1

In-2

Kr-1

Fe-1

Rb-1

P -1
Total

Total annual amount of radiopharmaceuticals used for diagnostic purposes (mCi). (male)

Table 3a.

Total

366498

42096

20372
951868

1165.1

680.2|

420.3

1574.2

116.2
258.4
411.9

100.8

4876

=
o

14991

5.1

4.8
14.7

42

70—79

47592

4952

2543
143808

77

53.7

37.9
166

16.8]

10.1
21.8

69

5—

6

40200

5662

2349
105799

53
34
39

84

23.5

62.8

10.1

64

33316

2917

3143
102476

103

92

16.8]

26.8

90.6

6.7

36299

1841

796
94052

68

34.0

39.8
78

7.7

36.9
34

13.4

41253

2056

1530

106098

152
124

23.1
133

10.1

50.3

31.2

3.4

34039

6653

2394
93796

34.0

72.1
153

16.8

40.3

20.1

1211

204

73.8

21.2
131

17.8

50.3

26.8

13.4

Age Group (years old)

1904

193

58.3
12
112

23.5

8.4
13.4

15853 [27015 [32996

367

75.8

17.6
86

16.8

18.8

10.1

13695

2185

75.4]

60.4
24

109

14853

69

25530 39377 |40326 |[58007 (74979

53.3

161

8.6
46

18.5

8328

1948

566
18434

33.3

1957

97

10.1

3.4

9625

994

382
18225

32.2

23.5

146

3.4

0—2i 3—7 8——14[15—-19 20—24125—29130—34 | 35—39 | 40—44 | 45—49 | 50—54 | 55—59 | 60—

4312

=]
[T

3122

329
11763

1.1
13.4

119

6.6

5.7

2246

216

104

0.9
10.1

15.5

a5
15.8]

16.8
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Tc-total 4207
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Table 5. Comparison of number of radiopharmaceutical examinations by age group for 1971 and 1977,

Number of all radionuclide Frequency per 1,000 population |
Age Gioup applications by age-group and sex
1971 1977 1971 1977
0—14 3530 12970 0.28 0.94
15—29 12000 22476 0.83 1.60
Male

29—44 18700 54360 1.56 4.21
45— 40900 192470 3.45 13.71
0—14 3580 9071 0.30 0.68
15—29 19300 31653 1.34 2.31

Female
30—44 26900 60718 2.25 4.72
46— 43400 157279 3.03 9.38
168310 540943 1.62 4.86

Table 6. Comparison of administered activity
for radiopharmaceutical examinations in mCi
(37MBq) in 1971 and in 1977.

Radionuclides 1?71 19577 B/A
Tc | "mTc 87120 | 1695104 "
I* 131][_!_1251 33412 S b

iy ] — | 41088 1.2
T1 | 7] — | 15036 —
Yb | Vb — 2196 —
Aua | "Au 46134 | 17060| 0.37
Se | ™Se 569 | 8989 15.8
Ga | Ga 4100 | 58920] 14.4
03Hg 433 —

Hg 209 g+ 197Hg . 1501 3.5
Xe | "Xe — | 23576 —
ll3mIn 9810 —

h = 57 07
P | %p 221 4 0.02
Others 1599 7835| 4.9
Total 181958 | 1874983 10.2

* including therapeutic uses of radiopharma-
ceuticals.

LTIk b, Table 517”4 X 5121971412 168,310
HFCholed oM S EO FHAE TIL540,9450 & #
3fEDHEMA ARSI, ¥, FRPEENE X O
A THTSH 2 ~ 3 EREOHWINTH S Z b
A 07, Bl - RBCFIR i R Bif &
5B oS, Table 6 © X 51z, “mTc, “Ga
F X0 T8e % Ci Fe 1565 S BML T3
K, "Au s “P OFHAEA LB L

Table 7. Administered activity in mCi (37MBq)
per radiopharmaceutical examination

cotionie | Male female
Tc-1 11.1 9.3
Tc-2 10.9 1.4
Tc-3 2.9 2.8 |
Tc-4 13.5 11.6 J
Te-5 12.1 1.9 |
Te-6 2.9 2.9 |
Te-7 3.8 3.4
1 -1 0.09 0.09
1 -2 0.88 0.88
1 -3 0.10 0.08
1 4 0.06 0.05
I -5 0.17 0.17
1 6 0.24 0.27
17 0.27 0.60
I -8 0.12 0.12
TI -1 2.16 1.88
Yb-1 0.83 0.88
Au-1 0.32 0.75
Se -1 0.25 0.63
Ga-1 1.95 2.00
Hg-1 0.21 0.19
Hg-2 0.20 0.17
Xe-1 5.62 7.41
Xe-2 11.7 9.62
In-1 1.2 2.88

ARLTW5S, SEIOFMETIE TL ¥Xe B3
YD IR EMERED H BT hS Z kR
ALTWw5., Hg Tk “Hg » “Hg o #3.5
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fEx o Twb, Tofio EEcl Y=Kr 239
7,400mCi i & h e, &F5ERCHEET
&, GAEBICHI0fE oM H ot n Licic B,

RI 2l 1 [E124 ) o455 % Table 7 /<R3, [d
URAfE T LA L D e D HER R B R A,
PRGN X 5 LR AR R ey, Table 73
¥ e S U A CTEE LI LD TH
D, Wi Xo TS oERER DS,

RI {40 MFFRE"w XhuE, KilEo i
MM 2 L7210 3 H~11H 2 HD 1 AEciR
7 RY OMAEARD B highot. Z0lcdi
2 [ul H oo Ar o 1 aEM o SR L8 1 EE
OIRAIC X5 AR SRR, 11.26% 3T
@ RI W2 U CApl o B 505 & B G e i e
L7, diElofdgc, 17 33 cEe A
o 125 UCAERBAHERE LTw 58, W0
JigTb KEhERILWLEbhS.

RS A 1585 L) BT 5 X AT e ns,
FHhc Tk MIRD i k 2B B 55
T BT, 0~20%, 3~ 7l XU 8 ~14i%
O 3O LI, X2 TLE35~49i Al
TEWHED S P o LT, RI 2l Ti345
I~ GRS T B & E bl

waTe %MWK T, Bk lrki LD
1 ASRER S HER S0, T T, ZEod
D5 2 fE R TGRS ot T, *PAuT
VL, B0 oot X b2 6%, B 5 En S0
To. A TR X 22280 b hichot.

RI &I A 2 o b o2 AN 3 4,
210mCi #FChotes, I X % b DI,
Table 4 o< 4ER 5,607 fEH oz, ®Iiwc ks
HBEaT, 05 BIBEHIHETH Ok, Bl
Bich o P #BEEL4.8mCi T, BT #
LB DFI50fE TH .

2. ¥ W

(D) 19774 ORSHEESRIC X 521079
DGR B C28F 1, ikc26rE:, AEl
5475 TH o,

(2) "=Tc OFGHBL, 2875H:ThHH 2
DIFE2% H i % . R TIEEE00% % &

HAREZRMRERME H39E #H35

5,

(3) %MD &85 12 it 1,848Ci (68.4T
Bq) THotz, P CrrEE#:1,037Ci (38,4TBy),
ArE811C1 (30,0TBq) Thoi-.

(4 ™ kB B 35,6000 TH Ok
s, T oEETIRIF2TCE (999MBq) ¢ b,
B T = - F OB SRR 2 15T
.

Fik#bowdic), BECHBITEwF LS
RO BRI R o S e b otk, B AR A &
HEEE KIBRcERoWELEDLT L, HE
TAY -7 HEEEMIRRE AT R i b
IR AR o DT & ok WA T b e i < R
LET.
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