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Introduction

From the point of view of dose distribution, interstitial and intracavitary therapy using *?Cf sources
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or y-emitting sources offers considerable advantages over external neutron or y-ray therapy. This method
of irradiation, however, is associated with difficult radiation protection problems, not only during the ap-
plication and removal of the radiation sources, but also in the nurisng care of the;patient during the course
of treatment. To reduce these disadvantages, the so-called. afterloading procedures have been develop-
ed.’® By using this procedure a considerable reduction of the radiation exposure can be achieved
during the application and removal of the sources. However, afterloading does not help in reducing the
exposure of the nursing staff at all. To reduce their exposure, bedside shielding and appropriate nursing
procedures may be required.

This paper describes the design and construction of a shielded facility for storage and treatment of
up to about 100 pg of 252Cf seed assermblies, afterloading cells and tubes, and a remote afterloader for

#2Cf tubes, and radiation protection survey of the completed facility.

Design and Construction of Facility

1. Location and arrangement of facilities

The facility in the Cancer Institute Hospital, Tokyo, is located in a first floor room at one end of a
ward reserved for brachytherapy patients. The facility includes a storage room for *2Cf sources, two
ward rooms for treatment with a remote afterloader and seed assemblies, and a handling and control
room for the preparation of the seed assemblies and operation of the remote afterloader. The two ward
rooms for patients and the handling room are separated by three 20-cm thick water-filled shields which
are constructed of iron tanks, as shown in Figs. 1, 2, and 3.
2. Patient bed

The patient bed is shielded by a movable water-filled iron tank which is mounted on rollers and
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Treatment bed for interstitial therapy

slides easily on a rail from one end of the bed to the other as shown in Figs. 4 and 5. A TV camera

for confirming the position of source is mounted on the bed for remote afterloading therapy shown in Fig.

4. A removable transparent shield is placed on one side of the bed for the interstitial therapy shown in

Fig. 5. The therapist can insert the seed assemblies into the guide tube while observing the patient behind

the shield. Pulse and temperature checks of the patient can be made at the nurse station with a remote

control unit connected to each bed, and the patients can zlso be observed at the nurse station with a

TV camera installed in the treatment rooms. This remote control system for patient care is applied for

all brachytherapy patients.
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3. Storage container
The storage container consists of a main shielding part of paraffin and two source storage parts, L
and S, as shown in Fig. 6. The storage part L is for a long storage period of seed assemblies, afterloading

cells, and tubes for the remote afterloader. The storage part S is for a short storage period of the sources

during the use as the remote afterloader. Both storage parts are removable if an improvement of these

parts is necessary. Figure 7 shows a cross section of the source storage part L. The small holes are for
source holders of seed assemblies and afterloading cells and tubes, and the large hole is for the holder of
sources connected to a source cable for the remote afterloader or for the removable shiecld filled with par-
affin. These holders are shown in Fig. 8. The large hole can also be used to irradiate materials and

small animals by radiation from the sources of surrounding holes,
The primary shield material chosen for the storage was paraffin with lead in the innermost and
outermost part of the shield. The inner and the outer lead provide attenuation of the primary y-rays

and both the primary and capture y-rays, respectively. Boron-10 was not added to paraffin to reduce

the capture y-rays according to the following considerations.

The effect of the addition of B,C to paraffin was calculated with varying amounts of B,C, thick-
nesses of paraffin, and transmission rates of primary y-rays based on the data of Stoddard and Hootman,!?
The effect of B,C on total dose is dominant when the thickness of paraffin is great and transmission rate
of primary y-rays is small, but this effect does not change significantly with the amount of B,C when the
amount is greater than 195 by weight. Figure 9 shows the effect of the addition of 1 wt%, B,C to paraffin
with varying thickness of paraffin when the transmission rate of primary y-rays is 1, 0.25, 0.1, or 0. The
ordinate is the ratio of total dose rates with and without boron addition. At thicknesses up to about 45
cm, the addition of B,C does not reduce the total dose rate significantly if the transmission rate of primary
y-rays is greater than 0.25, which is the transmission rate obtained with a 2-cm lead. This is the primary

reason for not adding B,C to paraffin. The other reasons are that it is difficult to distribute B,C un-

iformly in paraffin, and the total neutron dose rate in the shield of 1 wt%, B,C in paraffin is greater than
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the thickness of both shields is the same, as shown in Table 1.

The remote afterloading unit for the intracavitary therapy consists of #*2Cf tubes connected to the

source cables, a source storage container, a control unit, applicators, flexible supply tubes, and drive
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cables, a supporting unit for applicators and supply tubes, and the bed for treatment. The constitution
of this unit is similar to that of other units*® except for a few points.

When the sources are used for the remote afierloader, they are attached to the drive cables, which
are connected to the storage container from the control unit, and are stored at the stand-by position
in the part S of storage container shown in Fig. 6 during setting up of the applicators within the patient.
The applicators for the ovoids and uterine canal are simila rto the TAO applicators, which were develop-
ed for radium therapy by Drs. Tazaki, Arai, and Oryu.?) After the patient is ready for treatment, the
sources are driven out of the storzge container to the end of the applicator within the patient by the
manual control handles attached to the control unit, which is situated outside the treatment room. Source
position indicators, which are mechanically linked to the drive cable, show the position of the source at
any instant of time. The sources are brought to rest at the far end of the applicator by the action of
mechanical stops attached to the source cable. The “on” and the “off”’ position of the sources are indicat-
ed by red and green lights, respectively.

The source may be drawn back to a prescribed distance from the end of the applicator by the manual
control handle, observing the scales on the source cable and its transparent guide tube of the applicator
with the TV camera attached to the treatment bed, if necessary. In this case the lights do not indicate
the position of the source, but the radiation monitor installed in the treatment room indicates it.

When it is necessary to store the sources for a long period, the supply tubes are connected to the

part L of the storage container, and then the sources are moved from the stand-by position in the part S

Box for Mechanical Stops and L:ght
Indxcutwor for "On" Position of Source

on:i.nt C Guide TuF)el

Sgurce Cable
’ Joint D

Fig. 10. Accesaries for the remote afterloader
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to the stored position in the part L by the remote control handles. After that, the source cables connect-
ed to the drive cables are removed at the joint A shown in Fig. 10.
5. Design radiation levels

When 100-p.g ?52Cf sources are stored in the storage container, radiation levels for the mixed neutron-
gamma field from #*2Cf are less than 2 mrem/h at any position outside the storage room. When 100-
pg 292Cf sources are used in two treatment rooms, the radiation levels are less than 2 mrem/h at the position
of the control unit of the remote afterloader, in the corridor, and in the adjacent radiotherapy patient

room, and less than 0.06 mrem/h in the road outside the hospital.

Shielding Calculations and Survey Results

For the design dose calculation of the storage room, it was assumed that there were 100 pg of 2%2Cf
sources in the center of the storage container. The points of calculation are shown by letters in Figs. 1
and 3. For the treatment room, it was assumed that there were 60 pg of ***Cf at the position S, of the
treatment bed for the remote afterloading therapy and 40 pg of ?52Cf at the position S, of the treatment
bed for the interstitial therapy. The points of calculation are shown in Figs. 1, 2, and 3.

The primary source of shielding information was the “?2Cf Shielding Guide” by Stoddard and
Hootman.!”? The Guide does not contain data for composite shields of lead [ollowed by paraffin or
interaction of neutrons in lead, and for slab shields. In the shielding calculations for the slab shields
with a large area, the data for spherical shields were used, because the data for a slab shield are close
to the data for a spherical shield as the area of the shielding material increases.'” For the movable
bedside shield, the data for slab shields!'" were applied.

Contributions to the calculated total dose rate include primary and capture y-rays interacting with

paraffin, water, concrete, lead, and soil, and thermal and fast neutrons interacting with paraffin, water,

Table 1. Dose equivalent rates at 100 ecm from 100 pg ***Cf in stored position ol
part L in Fig. 6

P PB
Calc. dose rate Meas. dose rate Calc. dose rate
(mrem/h) (mrem/h) (mrem/h)
Fast neutrons 0.343 0.5140.20% 0.439
0.1740.05%*
Thermal neutrons 0.0382 0.01 0.00134
Primary y-rays 0.239 0.358
Capture y-rays 0.668 0.794-0.05 0.239
Total 1.29 1.304£0.21% 1.04
0.96+0.07**

P: 45-cm radius paraffin cylindrical shield

+ 2 ¢cm Pb in innermost part -+ 2 cm Pb in outermost part

PB: 45-cm radius paraffin cylindrical shield with 1 wt9% B,C
+4- 2 em Pb in innermost part 4+ 2 cm Pb in outermost part

measured values: *neutron-rem dose ratemeter; **Kodak NTA film, exposure time
234 h; thermal neutrons EON thermal dosimeter, exposure time 90 h; y-rays G-M
counter

detector—floor distance 78 em
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Table 2. Radiation levels for 100 pg “*Cf in stored position of part L in Fig. 6

Position
keyed to ) Dose equivalent rate (mrem/h)
?Egl;ar? frziﬁtﬁif:ce Neutrons Gamma rays Total
and 2) (cm) Calc. Meas. Cale. Meas. Calc. Meas.
A 100 0.381 0.5140.20% 0.910 0.794-0.05 1.29 1.30--0.21*
0.1740.05%* 0.96+0.07%:*
B 100 0.381 0.654-0.41% 0.910 0.714-0.03 1.29 1.36+0.41%
0.1640.04%* 0.87 - 0.05%*
C 120 0.263 0.604-0.41% 0.628 0.63--0.05 0.891 1.23:£0.41%
0.094-0.04%* 0.7240.06%*
D 103 0.305 0.514-0.34% 0.317 0.40-4-0.04 0.622 0.9140.34*
0.08-40.03%* 0.48-0.04%*
E 130 0.225 0.704+0.31% 0.538 0.45--0.06 0.763 1.154-0.32%
0.04--0.02%* 0.49-40.06%*
F 100% %% (0.572) 2.7140.59% (5.70) 6.04--0.14  (6.27) 8.754+0.61%
F 100%**%  (].05) 2.7340.58% (5.41) 5114022 (6.46) 7.84--0.62*
0.524-0.09%* 5.6340.24%*
G 100 0.381 0.934-0.32* 1.62 1.074-0.05 2.00 2.00+0.32%
H a8 0.418 0.674-0.48% 0.434 0.344-0.04 0.852 1.014+0.48%*
T 350%** (0.019) - (0.094) - (0.113) e
*Ekk (0.034) — (0.089) —- (0.123) ——

*measured by the neutron-rem dose ratemeter
**measured by the Kodak NTA film (exposure time 234 h)
###gtored G0 pg 252Cf in large hole and 40 pg ***Cr in small holes
*##%g510red 100 pg ***Cf in small holes
detector—floor distance 78 em

concrete, and soil. Attenuation of neutrons in lead and iron was not considered. For concrete and soil.
the data for concrete-01 and for Nevada Test Site soil (dry) in the ?52C[ Shielding Guide were used, re-
spectively.

Tables 1, 2, 3, and 4 give the results of the design calculations. In these calculations, following

values were used!®:

Neutron emission rate 2.4x10° n s lpg!
Neutron dose equivalent rate in air at I m 2.33 mrem h-!yug-'m?
Gamma dose rate in air at 1 m 0.164 mrad h-*pg-tm?
Effective half life 2.65 years

The radiation protection survey of the completed facility was performed in three parts: Case (1)
with 75 pg of 252Cf in the stored position of part L, Case (2) with three 15-pg tubes in the stand-by position
of part S and totaling 30 pg of seed assemblies and cells in the stored position of part L, and Case (3)
with three 15-pg tubes on the bed for the remote afterloading therapy and totaling 30 pg of seed assemblies
and cells on the bed for interstitial therapy. A neutron-rem dose ratemeter with a scintillation crystal
SLiI(Eu) inserted into a 20-cm moderator-absorber (polyethylene-cadmium) sphere, manufactured by
the Laboratorium Prof. Dr. Berthold in Germany, and Kodak NTA films, which were calibrated in air
with 252Cf neutrons, were used for neutron measurernents. A G-M counter, calibrated in air with radium,

was used for gamma measurements. The direct-reading thermal neutron dosimeter of EON Inc., U.S.A.,
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Table 3. Radiation levels for 60 pug ***Cf in stand-by position of part S and 40 pg 2**Cf in
stored pesition of part L in Fig. 6
Position
keyed to Distance from Dose equivalent rate (mrem/h)

C&?& aT source (cm) Neutrons Gamma rays Total B
and 2) L S Calc. Meas. Cale. Meas. Calc. Meas.
A 100 100 0.381 0.514-0.12%* 1.34 0.894+0.17 1.72 1.404-0.21 *
0.154-0.05%* 1.044-0.18 #=*
B 100 100 (0.381) 1.644-0.85% (4.27) 0.994-0.03  (4.65) 2.634-0.85%
0.484-0.12%* 1.4740.12 %*
Cc 120 120 0.263 0.784-0.54* 0.925 0.86--0.08 1.19 1.644-0.55%
0.22 4£0.09%* 1.084-0.12:#*
D 103 103 0.305 0.63 4-0.44* 0.467 0.544-0.05  0.772 1.17.40.44*
0.11 4-0.06%%* 0.65+0.08%*
L 130 130 0.225 0.544-0.28% 0.793 0.444-0.09 1.02 0.98.+0.29*
0.084-0.06%* 0.52:4-0.11%**
I’ 100 110 (0.546) 1.464-0.39% (2.90) 1.814:0.03  (3.45) 3.27:£0.39%
0.504-0.11%* 1.31:4-0.11%*
G 100 110 0.341 0.82 4-0.60%* 1.10 0.774-0.03 1.44 1.59:4-0.60%
0.114-0.05%* 0.88-1-0.06%*
H 88 88 0.417 0.694-0.47% 0.640 0.30--0.02 1.06 0.99:4-0.47%
T 350 360  (0.0186) — (0.0494) — (0.068) e

*measured by the neutron-rem dose ratemeter
**measured by the Kodak NTA film (exposure time 191 h)
detector—floor distance 66 cm

Table 4. Radiation levels for 60 pg ??Cf at S, and 40 pg #*Cf at S, in Fig. 1

Position :

l:ﬁzﬁa rtr? Distance from Dose equivalent rate  (mrem/h)

(Figs. 1, source (cm) Neutrons Gamma rays Total

2 and 3) S, S, Calc. Meas.* Calc. Meas. Cale. Meas.
H 420 580 0.66 0.504-0.51 0.13 0.08--0.01 0.79 0.584-0.51
I 100 360 12.2 17.44-2.2 7.3 3.964+0.04 195 21.442.2
J 150 300 6.29 3.8041.07  3.39 1.554-0.02 9.68 5.354-1.07
K 340 260 1.79 2.9941.39  0.93 0.544-0.01 2.72 3.534-1.39
L 370 130 1.23 1.854+0.73 1.83 1.194-0.02 3.06 3.044-0.73
L’ 470 320 0.16 24941.22 032 0.474-0.01 0.48 2.964-1.22
M 470 120 10.2 6.454-1.48 3.8 2.164-0.03 14.0 8.614-1.48
N 360 100 9.0 27.14-3.8 4.4 3.424-0.04 14.4 30.54-3.8
0] 430 320 0.14 2.894-1.14  0.31 0.4340.01 0.45 3.324-1.14
P 600 420 0.08 1.284-0.69  0.18 0.224-0.03 0.26 1.50--0.69
U 340 480 1.39 — 0.18 — 1.57 —
\Y% 690 360 0.40 — 0.11 - 0.51 —
w 410 740 0.0007 — 0.017 — 0.018 —
X 550 650 0.0006 — 0.0031 — 0.0087 —
Y 930 1020 0.00001 — 0.0012 — 0.0012 —
Z 890 950 0.00001 — 0.00010 - 0.00010 -

*measured by the neutron-rem dose ratemeter

detector—floor distance 80 cm
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calibrated by the Electrotechnical Laboratory (ETL) of Japan, was used for thermal neutron measure-
ments.

Tables 1, 2, 3, and 4 give the results of measurements. The measured values in Tables 1 and 2, in
Table 3, and in Table 4 were converted to values for 100-pg ?52Cf sources, for 40 pg in part L and 60
pg in part S, and for 60 pg at S, and 40 pg at S,, respectively.

Measured neutron dose equivalent rates with a neutron-rem dose ratemeter were higher than those
with NTA films at low radiation levels. This difference is probably due to the fact that the rem-dose
ratemeter over-responds at low neutron energies as shown in Fig. 11 and that the NTA film does not
respond to neutrons with energies between about 10 eV and 0.5 MeV.!?

Measured neutron dose equivalent rate at position L” was 1.4 of that at position L, while calculated
value at L” was 0.13 of that at L. This may be due to the difference of the scattered neutrons at both
points from the floor, ceiling, and wall, because the use of 10-cm thick water tank under the source can

be reduced the neutron dose rate at L” by a factor of 2.

Disicussion and Conclusion

Applicability of the Guide by Stoaddrd and Hootman for the spherical shields was confirmed by the
present design calculations and radiation protection survey. However, for local shielding such as the
bedside shielding, which is preferable rather than structural shielding for protection against radiation
from brachytherapy sources, the Guide cannot be applied, because scattered neutrons from the floor,
ceiling, and wall may reach behind the shield.

By using the remote afterloader, radiation exposure to staff for the intracavitary therapy may be
reduced significantly, while by the present afterloading technique for the interstitial therapy neutron
dose to the therapist is 1 to 2 mrem/pg of 252Cf implanted.’®!% In the future, remote interstitial im-
plantation method will be needed.

This work was supported in part by the U.S. Department of Energy under Contract No. EY-76-
C-09-0739 and by Grants-in-Aid for Cancer Research from the Ministry of Education, Science and
Culture, and from the Ministry of Health and Welfare, Japan, which are gratefully acknowledged.
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