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Fig. 1 Schematic representation of the measurement
points of the spatial dose rates. In the 5 pro-
cedures, spatial dose rates from skin surface of
the patients at 5 cm, 50 cm, and 100 cm were
obtained, both after 5 min of the injection and
right before the study. Each measurement point
was along a coronal line, at right angles to the
longitudinal axis, which passed through the center
of the clinical organ. The measurements were
performed on both sides of the body, and the mean
spatial dose rates were obtained by averaging the
data on both sides and among patients.
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Fig. 2 An example (5 uSv/hr, ™Tc-HMDP, 4 hours
after iv) of the measurement points of the spatial
dose rate distributions. The measurement points
were at 10 points on each side (total 20 points) of
the body for a given spatial dose rate. Measure-
ments were started clockwise from the head,
along the midcoronal plain. Assuming mid-
coronal lines, the distances between skin surface
and the points, which showed the same spatial
dose rate on each line, were selected. These
distances were then averaged among the patients,
and average distances were plotted on the
schematic figures. Circumferential curves were
finally obtained by interpolating these points.
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Table 1 Radiation exposure from patients in 5 common procedures

479

Administration dose

Procedure Agent

Average study time

Average exposure

(MBq) (min) (uSv)

Bone scan (n=25) 9mTc-HMDP 836188 40 0.5

Lung scan (n=28) PmTc-MAA 172+13 20 0.5

Brain SPECT (n=17) #mTc-HMPAO 1054148 30 1.6

Myocardial SPECT (n=52)  2'Tl 143+11 25 0.3

Tumor (n=17) Ga 1137 60 0.7
Values are mean=*S.D.

Table 2 Spatial dose rates from patients for a given distance
Spatial dose rate (uSv/hr)
Agent Measurement time Distance from skin surface (cm)
5 50 100

#mTc-HMDP (n=21) S min after iv. 155.4£50.0 22.1+4.8 9.3+1.7

4 hr after iv. 36.21+9.3 7.8+22 32+1.0

PmTc-MAA (n=13) S min after iv. 54.01+20.0 45+1.7 1.1+0.5

#mTc-HMPAO (n=10) S min after iv. 159.6+44.2 24.5+10.0 7.2£3.1

2IT] (n=21) S min after iv. 319+10.4 49%1.7 2.1x1.1

4 hr after iv. 26.2+9.7 39+1.2 1.6+0.6

¢’Ga (n=21) 5 min after iv. 942+31.3 6.81+1.0 27105

3 days after iv. 38.3+13.0 29%0.6 1.1£03

Values are mean=+S.D.
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Fig. 3 Correlations between distances from skin surface of the patients and spatial dose rates
(uSv/hr) measured with an ionization chamber. These graphs were plotted on both log
scales. Comparing the graphs of *™Tc-HMDP and *'Tl, the ratio of decreasing the
spatial dose rates was bigger in the ®Tc-HMDP than in the ' T1. In the graph of *™Tc-
HMDP, the slope of 5 min after injection was steeper than that of 4 hr after injection. In
the ’Ga tumor scan, the spatial dose rates reduced into approximately 1/2.5 after 3
days. The slope of the ™ Tc-MAA was steeper compared with that of *Tc-HMPAO.

HMPAO #* Fi\»7:Bi I it SPECT #RAERF DI <
BENDIFRECZEPDDE, B, NXv T
79 FRIEORR, £OFHEIL 0.08 uSv/hrT
Ho727:0 I DEE FREDFHFITHEL L
BLETH5.
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BT — A X =7 EHTHIE L-&HE
BB FHEBBEF %L Table 2 IIRT. 5
cm DPA LB L, SOcm DM CEMBEER
121312 1/5~1/10, F72 100 cm T 1/20~1/40 &
ol:. HESHKBEREEROZMBEF I
B L7254, 2 P Tc-HMDP TZ DR H5HE
THo:.

(3) PEHEETRHREBE L DRI
FOBREMHBERRLICY T 7 R (Fig.
3). TOEMIE, b LKFEI/BENZFEA Vb
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EARGE L723A, RO mES L BERE s B D
ERNZRE, T I 7 1C BV THEBELHREE
LOBRIRERE LB TH D, EBRIIIRET
HEEMIBEENICHH L TS5 OTERIZIE
ROV, BONLET I TORERET 52
X ) BSHEEEMOFEOE W (T2Db LK
N DE, ENFERIAOE) ZHHT L
EHEREE L A,

Fig. 3 T ®"Tc-HMDP & 2'Tl & % }# L 7235
4, ®"Tc-HMDP Tid 2'T1 i EE DR D
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Fig. 4 Schematic representation of the spatial dose rate
distributions among subjects with 4 types of
radiopharmaceuticals. High spatial dose rates
were mainly observed near the chest and abdomen
in the *"Tc-HSA studies, and were especially
observed around kidney and bladder in the *™Tc-
DTPA studies. In the *™Tc-HMDP studies, spatial
dose rates showed more uniform distributions
corresponding to the concentration to the bone.
However, in the *"Tc-HMPAO studies, high
spatial dose rates were detected not only around
the brain as a clinical organ but also around the
other organs in the body.

HENKEWZ ED DY B. 72, ¥Tc-HMDP
TREES TR EWIREERDO ST 7OEEICE
BALNT., 9GalZBWT, 3 BEDKRER I
ERIH 259D 1 Lot 51T, ¥ Tc-
HMPAO & #nTc-MAA Tid, ®"Tc-MAA D5 H*
TITDEENPKENCZ ENDRS.

@ FHEEREERIH
BERROFEHZEMBEFRSA % Fig. 4 \ IR
$. *"Tc-HSA TR IR 1C B ZEHHE R
HH BN, 9Tc-DTPATIZ L ) b IT BT IC
Aot iz, *Tc-HMDP it & 0 35% L o5Hh
R L7z, ®Tc-HMPAO TIXEEIHOA L LT,
B, BEERIC S VIR ERSMIBASRESI N,
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Fig. 5 The changes of the average radiation exposure
(uSv) of a technologist in 7 consecutive weeks.
Because of the total number of the studies was
almost equal in each week, radiation exposure
could be compared on the weekly base. It was
understood that the average exposure was largely
reduced as increasing the weeks.
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Exposure to the Technologists from Radioactive Patients
during Nuclear Medicine Studies

Kenichi KasHIKURA, Shinichi KANAYA, Akemi KASHIKURA,
Hideki KoBayasHi, Masako Maki1 and Kiyoko KUsAKABE

Department of Radiology, Tokyo Women’s Medical College

In order to evaluate the exposure to the nuclear
medicine technologists from patients who had been
administrated with radiopharmaceuticals, we mea-
sured the exposure in 5 common diagnostic proce-
dures (bone, lung, tumor scan, and brain, myocardial
SPECT, n=38 to 52) using a silicon semiconductor
pocket dosimeter. We also measured the spatial dose
rates at 5 cm, 50 cm, and 100 cm from skin surface of
the patients (n=10 to 21) using an ionization cham-
ber, both 5 min after injection and right before the
studies with the same procedures above. We further
measured the spatial dose rate distributions around the
patients in the 4 procedures (bone, renal, blood pool
scan, and brain SPECT, n=2 to 3). In results, the ex-
posure to the technologists in each procedure was
small (0.5, 0.5, 0.7, 1.6, and 0.3 uSv in each bone,
lung, tumor scan, and brain, myocardial SPECT, re-

spectively), compared with the dose limits of the
medical workers. However, the dose-response rela-
tionships in cancer and hereditary effects, referred to
as the stochastic effects, have been assumed linear and
no threshold models; therefore, the exposure should be
minimized. For this purpose, the measurements of
spatial dose rates and spatial dose rate distributions
were thought to be useful. The differences of these re-
sults among procedures were caused by the differ-
ences of dose distributions and physical and biological
half lives of the radiopharmaceuticals. The results of
the measurements in 7 consecutive weeks suggested
that the direct measurement of the exposure using a
high sensitive digital pocket dosimeter might result a
reduced exposure to the technologists.

Key words: Radiation exposure, Radioactive pa-
tient, Nuclear medicine study.
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