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ABSTRACT 
Patients who have been administered radiophamaceuticals become a source of exposure 
to a non-occupational individual helping in support and comfort of these patients. We 
measured external dose rates at several distances from 84 adult patients administered 
radiopharmaceuticals, and urinary excretion of radioactivity in their patients. And we 
estimated the maximal dose for persons having close contact widi patients administered 
radiophamaceuticals from the combination of these measurement data and scenarios of 
contact with patients. On the basis of the estimated values, we proposed die following 
dose constraint for caregivers. (1) The dose constraint for a non-occupational caregivers 
to an adult nuclear medicine patient should in no case exceed 300u£v per patient per 
examination of any kind. (2) The dose constraint in ordinary examinations employing a 
radionuclide should not be greater than IS^LSV per patient per examination. ( 7 I5?* <. * t -^ * 

1. INTRODUCTION 
A non-occupational individual 

helping with die support and comfort of a 
patient undergoing a nuclear medicine 
examination will receive significant 
radiation from that patient In die ICRP 
1990 recommendations, this type of 
exposure is divided into medical exposure, 
which ICRP recommends that dose limits 
should not be applied. On die other hand, 
ICRP considers the concept of dose 
constraints should be applied to some 
diagnostic procedures from die view point 
of optimizing radiation protection. We 
propose that dose constraints should be 
established to restrict die exposure of such 
non-occupational individuals, for die very 
reason mat, this type of medical exposure 
produces no benefit to the person 
exposed.The purpose of tiiis study is to 
select the dose constraints for such 
exposure undergone during the care of 
adult patients receiving commonly used 
diagnostic radiopharmaceuticals. We 
measured external dose rates at several 

distances from $4 adult patients 
administered radiopharmaceuticals, and 
determined die retention of radioactivity in 
their body from urinary excretion 
measurements. We estimated maximal 
dose of persons having close contact witii 
patients administered radiophamaceuticals 
from the combination of these 
measurement data and scenarios of 
contact with patients. Finally, we proposed 
die dose constraint for caregivers on die 
basis of die estimated dose. 

2. MATERIALS AND METHODS 
2-1. Patients and measurements of dose 
rate and urinary excretion 

The study subjects were 84 adult 
patients receiving typical doses of some of 
the most commonly used 
radiopharmaceuticals, which are listed in 
Table 1. External radiation dose rates 
were measured widi an ionizing chamber 
at various distances from die patients and 
total body retention of die radionuclides 
was analyzed from radioactivity counts in 
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the patients* excreted urine-

Table 1 Dose raies at various distances from patients* 

Compound Actiwty" Naof 
(MBoJ subjects 

Time Dose sales, mean+SO {nGyh-HJBq-1),. 
Lapse*** at distances from the naval 

(h) 5cm 10cm 35cm 50cm 1m 

9*nTc-MDP 
99mTc-MA* 
9*»TC-DTPA 
s7Ga-ofcrate 
201-rtchtoride 

740 
148 
555 
t i t 
t t t 

32 
6 
7 

21 
18 

4 
0.2 
0.2 
72 
0-2 

61 ± 1 5 
74 ± 18 

210 + 10 
121+35 
210 ±50 

50±10 
57±14 

160+ 7 
88 ±21 

150 ±10 

1 6 ± 4 
2 7 ± 2 
54±0-5 
2 9 ± 6 
4 8 ± 5 

11 ± 2 
13 ± 7 
3 6 ± 2 
2 0 ± 3 
30 + 6 

4 ± 1 
8 ±0.8 

13 + 0.6 
6 + 2 

12±3 

* An ionization survey meter was used for dose rate measurements. 
** Activities recommended for use in routine examinations in Japan. 
*** Time interval between administration and dose rate measurements 

Table 2 Assumptions used in the estimation of maximal doses received 
by nonoccupational nursing individuals. 

Radio- Typical activity* 
Nucleides 

99mTc-MDP 
99mTc-MAA 
99mTc-DTPA 
201T1-C1 
^Ga-citrate 

(MBq) 

740 
148 
555 
111 
111 

Patient** 
category 

Totally helpless 
Partially helpless 
Chairfast/bedfast 
Semiambulant 
Totally ambulant 

0.1 

67 
17 
5 
0 
0 

Time (min) spent in 
each 8h period near 
patient at distances 

1 m 0.5 m 1.0 m 

128 30 
91 56 
56 32 

7 31 
5 8 

* Recommended in Japan*). 
** Figures derived from observations; of nurses attending adult patients during a 

working day*). 

2-2. Scenarios for dose estimation of 
contact persons 

The degree of exposure to a person 
caring for a radioactive patient depends on 
the time spent near, and on the distance 
from the patient A study by Harding et al. 
reported close contact times spent by 
nurses in an 8-hour working day at 
distances from adult patients classified (as 

shown in Table 2) into five groups 
according to their nursing care 
requirements. Although that study was 
limited to professional nurses, we used 
that data as the basis for scenarios 
estimating the maximal doses received by 
non-occupational caregivers. In estimating 
doses, we assumed that a non
occupational caregiver repeated the same 
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close-contact care in every 8 hr period 
(Table 2) for the first five days after 
administration. 

Table 3. Estimates of maximal doses received by non occupatioal individuals helping in 
die care of different categories of patients administered radiopharmaceuticals. 

Maximal five day dose (|xSv J typical activity) 
Patient fflmTc 
category MDP MAA DTPA *n~n S7Ga 

Totally helpless 121 15 125 237 300 
Partially helpless 51 7 53 99 127 
Chairfast/bedfast 25 3 26 47 61 

but not helpless 
Semiambulant 5 0.9 5 10 12 
Totally ambulant 2 0.3 2 4 5 

3JRESVLTS 
3-1. Radiation dose at various distances 
from patients 

The dose rates measured at various 
distances from the patients are presented 
in Table3. 

3-2. Dose estimation of caregivers 
The total five-day dose (N) to die 

caregivers was estimated from the 
equation: 

N= S (aiiti+a2it2+a3it3) 
where aj£, a$i **** *3i *""ere dose rates 
averaged over the ith 8 hr period at 0.1, 
0.5 and 1 m from the patient, respectively, 
and ti, t2 and t3 were die times spent 
caring for the patient at each distance. The 
estimated doses over five consecutive 
days ("N" in the above equation) for an 
individual caring for an adult patient 
administered typical doses of 
radiopharmaceuticals are listed in Table 3 . 
We estimated the maximal dose of 
caregivers because we believed that die 

maximal values are reasonable to dose 
constraints for caregivers. The estimated 
doses ranged from OJjtSv for the care of 
a totally ambulant patient administered 
148 MBq of *>mTc-MAA, to 300uSv for 
die care of a totally helpless patient given 
111 MBq of 67Ga-citrate. The highest 
doses were incurred, of course, in the care 
of totally helpless patients, although it is 
admittedly very unusual for a totally 
helpless patient to undergo a nuclear 
medicine examination. Of all the 
diagnostic radiopharmaceuticals 
administered in Japan, WmTc-MDP is die 
most frequently used and the 
recommended typical activity is the 
highest (740M Bq per adult 
examinations). However, the doses to 
caregivers were in the range of 2 îSv to 
121uSv. Radionuclides of 201T1 or 67Ga, 
which have longer half-lives, yielded 
much higher doses, although only 111 
MBq is administered in Japan. 

3-3. Dose constraints for non-
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ocaqtatioaal caregivers 
The above results have led us vo 

propose the following maximum dose 
constraints: 
1) The dose constraint for a non
occupational caregivers a> an adult nuclear 
medicine patient should in no case exceed 
300|iSv per patient per examination of any 
kind. This value is considered reasonable 
because it is three-tenths of the annual 
dose limit for members of the general 
public. 
2) It is very unusual for a totally helpless 
patient to undergo a nuclear medicine 
investigation. Therefore, the dose 
constraint in ordinary examinations 
employing a radionuclide should not be 
greater than 150|iSv per patient per 
examination. 

4. DISCUSSION 
Since the new recommendations of 

ICRP introduced the concept of dose 
constraint as an integral part of the 
optimization of radiation protection, 
NRPB, EC and other bodies and 
researchers have welcomed the concept 
and proposed values for constraint in 
occupational, medical and public 
exposures. In the medical field, the use of 
dose constraints is a powerful mechanism 
for dose reduction, because dose limits do 
not apply to medical exposure. In this 
study, we have proposed the maximum 
dose constraint values for a type of 
medical exposure to which non
occupational caregivers are subjected 
during their support and care of patients 
undergoing nuclear medicine 
examinations. It is clear that the 
constraints must be specific to each 
particular type of examination, and that the 
choice of constraints will depend on 
various conditions in each country. 
Therefore, further consideration should be 

given to the selection of the dose 
constraint for each type of examination 
with the advice of specialists and 
professional bodies. In this context this 
study will provide useful information 
because it realistically estimates d»e doses 
involved in this type of care on the basis 
of direct measmements in actual patiento, 

Apart from the exposure studied in this 
paper, that of caregivers to patients 
undergoing tiracrrymersTiy trrast aVso toe 
controlled. Dose constraints for this type 
of medical exposure should also be 
established in the near future. 
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