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ABSTRACT

The frequencies and patient doses of medical exposure were
investigated in China. The sampling surveys of the work covered 15000
hospitals in 24 provinces” In the work, we compile data of 11 million
cases. The data were analyzed by computer, and the frequencies,
averages of skin and organic dose per examination, and population
doses per capita { He, LSD, GSD, SSD ) were found.

METHODS

Epidemiological stratified sampling was employed in this research.
According to the results of sampling, the frequency of medical
exposure was surveyed in more than 15000 hospitals in 24 provinces.
Sampling measurements of patient skin dose covered 2000 hospitals in
14 provinces.

Thermoluminecent dosimetry (TLD) was adopted for patient doee
monitoring. During monitoring, a TLD detector was attached to each
patient to monitor patient skin dose (d). Organ dose ( T organ) of
each patient was determined by the following equation :

Dx =Cxd (1]

where Cy is the conversion coefficient of d into Dx. Cx was
determined in simulation experiments using an anthropomophic phantom.

In clinical nuclear medicine, the organ dose of a patient
receiving radiopharmaceuticals can be estimated by MIRD method*®.

The effective dose equivalent (He) , genetically significant
annual dose(GSD), annual mean bone marrow dose per capita (CMD),
leukemia significant annual dose(ILSD) , and malignacy significant
annual dose(SSD) were also calculated in this work.

RESULTS

The frequency of diagnostic X-ray was 145.1 examinations per
1000 population, much higher than that of nuclear medicine or
radiation therapy. High annual frequency of diagnostic radiation
were noted in chest, abdomen, G.I.,, and extremities examination,
with the annual frequency of chest examination being the highest. The
frequency of chest fluoroscopy ( the predominant form of chest
examination) was about 89.9 cases per 1000 population; 7.5 times that

« This work is a contract project of Internation Atomic Energy Agency No.4964/R1/RB
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of chest radiography (Table 1) .

Table }|. Annual frequencies of medical exposure
in China ( cases per 1000 population)

Type Frequency Type Frequency
Dingnosrtic X-ray 146.1 (Total) Nuclear medicine 0. 62 (Total)
Chest Thyreid scintigraphy 0. 0868

Fluoroscaopy 64. 8 Thyroid uptake 0. 261

Mass fluoroascopy 26.6 Liver seintigraphy 0. 087
Rndiography 11. 9 Kidney scintigraphy 0.18682
Abdomen 12.7 Others 0. 066
Alimontary canal 6.0 Radiotherapy 0. 09 (Total)
Spine 4.0 Esophagenl cancer 0. 018
Polvis 1.8 Pharyngea! cancer 0. 023
Extremities 11. 6 Breast cancer 0. 012
Dental radiography 2.1 Others 0. 037
Others 6.8

The annual frequency of age group 20 to 28 was the highest, but
mass examination comprised an important part of the annual frequency
for this age group. When mass examination was deducted, the annual
frequency peak occurred in age group 30-44, and the differences among
various age groups were obvious, with males being exposured more
frequently than females in every age group.

The annua! frequency of utilization of various nuclides in
nuclear medicine were surveyed. The relative frequency for ™1  was
the highest (about 889), while that for °=Tc was the lowest ( less
than 19%).

In this work, patient skin dosc mcans the dose to that part of a
paticnt’s body surface where a TLD dosimeter was worn. The patient
skin dose per G.I. examination was the highest about 51.6 mGy/exam.
The doscs of lumbar spine examination and cholecysrography were
higher than that of chest examination(32.5 and 26.8 mGy/exam). As for
chest examination, the patient skin dose for fluoroscopy was 10.4
mGy/exam, 10 times that of radiography(Table 2)

Tuble 2. pautient dose per examination in vartous diagnestic
X-ray procedure (mGy/exam)

Orgun ~_ Chest G. I. Lumbar Abhdomen Pelvis
Fiu. Rad. spine
Skin dose  10. 4 1. 07 51. 6 32.6 8.40 11.0
Testiecles <0.01 <0. 01 0. 286 0.10 0. 02 0. 87
Ovary <0. 01 <0. 01 1. 08 6. 86 0.17 6.23
Red marrow 0.27 0. 04 6. 06 1.82 1.88 1. 04
Colon 0.10 8. 05 0.02
l.ungs 0.61 0.19 9. 29 1, 88 0. 01
Stomach 0.19 7.78 0. 01
¥ffee. dosco 0. 29 0. 07 7. 36 2.87 0.13 1.68

The differences in patient skin dose from X- ray machines of
various capacities were analyzed. Here, the patient skin dose
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from X-ray units of small capacity (<60 mA) were the highest, about
2 times that of big capacity machines(>100 mA).

Organ doses of patients receiving diagnostic X-ray examinations
were cstimated by refercnce to the results of patient skin dose
measurements and  simulation tests. The average organ doses per
examination for X-ray procedures are given in Table 2. The gonad dose
in lumber spine examination was the highest, but the doses to other
organs wcere also remarkablely high in G.I. examination.

The average administration quantities per examination or
treatment are listed in Table 3. Although the same procedure may be
used, the annual cffective doses per cxamination may differ greatly
when different radiopharmacenuticals arc used. For example , in
thyroid scintigraphy, the annual cffcctive dose per examination is 93.8
mGy with I, and this is 300 times that with ®e=Tc.

Table 3. Putient dose in nuclear medicine procedures
Type Nuclide Administered quantity Effective dose
(MBq/exam) (mGy/ oxam)

Brain scintigraphy R 187. 7 1.8
Thyreid scintigraphy **'71 5.9 93. 8

R 23. 2 0.8
Liver scintigraphy 8 Ay 21. 7 21. 7

by 96. 6 1.2
Thyrotexicosis R { 162. 2 2696. 0
Polyeythemia vera *2p 8.7 14. 8

The annual dose equivalent per capita were analyzed in the work.
The major sources of the organ dose equivalent per capita came from
G.l. cxamination and chest [luoroscopy.

Using the valucs in Table 2, CMD, GSD, ISD and SDD were
cstimated (Table 4). Here, age and sex distributions were taken from
national statistics data‘®?. The total CMD, He, SSD, LSD and GSD for
medicial X-ray diagnostic were 73.7, 88.1, 657, 69.0 and 9.81
1 Sv/a respectively.

Tabhle 4. population dose equivalents per capita
for diagniostic radieclegy(n 8v/a)

Type He CMD LSD GSD 88D
Chost
Fiuaeroscopy 22. 4 20. 8 20. 4 0. 48 18.7
Radiogruphy 0.88 0. 66 0.62 0. 04 0.66
Alimontury canal 46.7 86. 6 34.0 1.22 30. 1
Cholecyatography 0. 88 0. 48 0. 48 0. 04 0. 63
Lumbar spine 10. 7 7. 32 6. 83 3. 80 8. 98
Pplvis 2. 06 2. 06 2. 06 3.18 2. 06
Abhdomen 1. 98 1. 49 1. 49 0. 14 1. 96
Others 3.83 4.41 3.28 0. 88 3.66
Total 88. 1 78. 17 §9. 0 9. 81 66. 7
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DISCUSSION

For comparison, the main characteristics of medical exposure in
countrics with various levels of health care are listed in Table 5. In
general, the health care level of a country was determined according
to the serving population per physician. So China’s health care was
below 2. Some features of medical exposure in China , such as annual
frequency of diagnostic examination and population per X-ray machine,
arc at level 2, some features are at level 3 or 4, but the equivalent
dose per capita from nuclear medicine are at level 1. This situation
was caused by high patient dose in nuclear medicine in China.

Table 6. Muin charscteristices of medical exposur in countries
with various levels of hoalth cares

Item Level of health care China
1 2 3 4

Pepoles per physiciam <1000 1000-23999 3000-9989 >5999 1106
Annun! frequencios (cusas/1000population)

Diugnoetic radiology 760 160 60 30 146. 1
Nueclear medicine 18 1.2 0.4 0.2 0.82
Radiation thorapy 2. 4 0.8 0.1 0.01 0. 09
Dentai radiology 260 4 0.8 2.18

Dose equivalent par capits (Sv/a)
Diagnostic radiology

He 1.0 0.6 0.3 0.10
GSD 0.3 0. 06 0. 03 0. 01
Nuclear medicine
He 0. 06 0. 004 0. 001 0. 0006 0.02
G3D 0. 01 0. 001 0. 0002 ©0.000)1 O0.006
Population per X-ray set 4000 20000 80000 170000 18000
v« Except for the values of Chinn, othor values are Dbased on the

reports hy UNSCEAR ‘® und Freg v
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