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ABSTRACT

This paper documents the construction and calibration of a
whole-body counter for the Radiation Safety Office of the Mayo
Clinic in Rochester, MN. Changes in the federal regulations may
require improved documentation of internal dose for radiation
workers. A relatively inexpensive and simple chair-type whole-
body counter may suit the needs of many organizations for in
vivo assessment of gamma emitting radionuclides. A simple
calibration phantom and a spreadsheet computer program were
developed in conjunction with the counter. The spreadsheet can
be used to calculate an estimate of committed effective dose
equivalent based on activity in a subject and data from ICRP
Publication 30. Using a count time of 10 minutes, the counter's
minimum detectable activity ranged from 370 Bq to 1110 Bq for
6OCo and 57Co respectively. Other institutions will be able to
assemble whole-body counters at low cost, often from surplus
components. The spreadsheet is easily adapted to the needs of
any institution and uses current methodology to estimate
internal dose.

INTRODUCTION

Proposed changes in Title 10, Code of Federal Regulations,
Part 20 (10 CFR 20) could require improved documentation of
internal dose for radiation workers. These changes are based on
the recommendations of the ICRP Publications 26 and 30. Comp-
liance with the changes would involve air monitoring, measure-
ments of radionuclides in the body, measurements of radio-
nuclides excreted from the body, or a combination of these
measurements (USNRC 1986).

'Current Address: Battelle Northwest, P.O. Box 999,
Richland, WA 99352.
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Mayo Clinic's shadow-shield whole-body counter was
difficult to calibrate due to gain instability and poor
resolution of the old photomultiplier detectors. In addition,
its closed-tomb geometry is an uncomfortable environment for
claustrophobic, pregnant, or large subjects. Because of these
problems, a decision was made to build a new counter.

The following design criteria were set for the new whole-
body counter:

• Ability to estimate effective dose equivalent;
• Easy to operate and calibrate;
• Inexpensive;
• Comfortable;
• Simple calibration phantom;
• Reproducible at other institutions.
A chair-type counter using sodium iodide detectors was

chosen as the design that best met the needs of the institu-
tion. This counter was assembled with the assistance of Mayo
Clinic's Section of Engineering.

Three main components for the whole-body counting system
were designed, assembled, and calibrated:

• The counting unit consisting of chair, detectors,
shielding, and associated electronics;

• A calibration phantom;
• A computer spreadsheet for calculation of internal

dose estimates and the generation of reports.

MATERIALS AND METHODS

Whole-body counter unit

A chair-type whole-body counter using sodium iodide
detectors was chosen since it easily met the design criteria. Two
12.7 cm x 10.2 cm (5 in. x 4 in.) Harshaw Model 20SHA16/5B-X
Nal(Tl) detectors1 were purchased by the Radiation Safety Office.
A surplus examination chair was found in Mayo Clinic storage.

The detectors were placed behind the chaii' back in a "rear-
view counting geometry." This geometry was chosen because of its
simplicity. Placing the detectors and lead shielding behind the
subject made the counter safe from an engineering standpoint It
also reduced the cost and time needed for assembly.

Each detector was shielded with cylindrical shaped lead
from used 99nTc generators. These cylinders fit around the active
area of the sodium iodide crystal. The thickness
of each cylinder measured 3.8 cm (1.5 in.). A lead pile was built
around each detector to provide additional shielding and

'Harshaw/Filtrol, 29001 Solon Rd., Cleveland, OH, 44139
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structural support. The pile was composed of interlocked 20.3
cm x 10.2 cm x 5.1 cm (8 in. x 4 in. x 2 in.) lead bricks. The
height of the pile was 71 cm (28 in.) and the width was 41 cm
(16 in.).

The detectors and shielding were placed on a steel table
fabricated by Mayo Clinic's Section of Engineering. The table
had a height of 56 cm (22 in.). Length and width measured 51 cm
(20 in.). The thickness of the steel was 1.3 cm (0.5 in.).

To reduce gamma attenuation and subject-to-detector
distance, the metal back of the examination chair was re-
placed with Carboform* composite material. The replacement
chair back measured 55.9 cm x 35.6 cm x 0.8 cm (22 in. x 14 in.
x 0.3 in.).

Each detector had its own Canberra Model 3102 high voltage
power supply, Model 2005 preamplifier, and Model 2012 amp-
lifier. M The detector signals were combined using a Model
1465A summing amplifier and sent to a Model 3501 Series 35 PLUS
multichannel analyzer for analysis (Fig l.).ft The multichannel

analyzer had a 2048 channel memory capability. A Model 1400 NIM
Bintt was used to power the preamplifiers, amplifiers, and the
high voltage power units.

Phantoms

Calibration phantoms were constructed using cylindrical
50-L (13 gal.) Nalgene 2250-0130 polypropylene carboys.* The
carboys had a height of 66 cm (26 in.) and a diameter of 38 CTII
(15 in.). Each carboy was filled with water to simulate human
torsos. An Isotope Products 7005 multinuclide standard solu-
tion* was mixed in one phantom. Sealed sources from a New
England Nuclear NES-100T gamma reference rod set" were used as
cali- bration standards in a second phantom. These sources were
placed in the phantom through a plastic guide tube (Fig. 2).

The torso section of an Alderson REMCAL® phantom from
Mayo's Nuclear Medicine Department was also used. Since the
phantom could not be contaminated with any long lived isotopes,
the sealed rod sources were deployed on the front surface of
the phantom. All of the internal organ compartments were filled
with distilled water. The total volume of the REMCAL® phantom
was 15.6-L (4.1 gal.).

'Oak-Fothergillf Inc. 317 Northside Drive, Bennington, VT,
05201.

t1Canberra Industries Inc., One State Street, Meriden, CT,
06450.

'Nalgene Labware, P.O. Box 20365, Rochester, NY, 14602.
'Isotope Products Laboratories, 1800 North Keystone

Street, Burbank, CA, 91504.
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Figure 2. Carboy phantom

Calibration

Gamma energy and counting efficiency calibrations were
performed using the carboy phantoms. The REMCAL® phantom was
only used to determine a counting efficiency calibration.

Each phantom was placed on a pallet (Fig. 4) for counting
in order to raise them to the typical torso level in the chair.
In the case of the carboy phantom, the standard sources were
placed in the guide tube 25.4 cm (10 in.) above the bottom of
the carboy. This point was chosen because it is equidistant
from both detectors. The sources were placed on the front of
the REMCAL® phantom the same distance above the pallet. A
multinuclide standard solution was used in the carboy phantom
to perform an energy calibration.

External monitoring

The effect of external hand contamination on a whole-body
count was investigated using 99nTc. Aliquots of "Tc pertechnet-
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ate solution were placed on 20-cm x 20-cm sheets of absorbent
paper to simulate contaminated hands. The sheets were placed in
polyethylene bags.

Each sheet was measured with a Ludlum Model 2 survey meter
connected to a 2.5 cm x o.l cm (1 in. x 0.04 in.) Model 44-3
sodium iodide detector. The face of the detector was pressed
flat against each sheet to make a measurement of activity in
counts per minute (CPM). These external sources were then
suspended in front of the REMCAL® phantom. It was assumed that
a subject would sit with his hands folded in his lap. The
position of the sources closely approximated the location of
the hands during a whole body count.

For each source, increased net area counts in the 99l°Tc
region of interest were compared to the activity measured by
the survey meter. An external contamination correction routine
was built into the spreadsheet based on these observations.

When surveying a subject for external contamination, the
detector was held as close to the contamination location as
possible. If multiple contamination locations existed, the sum
of the external activity should be was entered into the spread-
sheet.

Spreadsheet

Lotus l-2-3++ spreadsheet software was used to develop a
program that could be used to calculate an internal dose
estimate and to generate reports. A listing of this spreadsheet
is given in Appendix A.

Three versions of the spreadsheet were developed. The
first, NOPEAK.WK1 is used when a whole body count shows no
contamination. The operator of the counter makes a decision
concerning the presence of any contamination peaks in the MCA
spectrum. The operator was prompted for the subject's name,
total counts in spectrum, counts in the 4OK region of interest,
and any external contamination. External contamination was
measured with a sodium iodide survey meter.

If contamination was noted, PEAK.WK1 was used. This
spreadsheet prompted for the same information as NOPEAK.WKl and
allowed the operator to choose an isotope. After choosing an
isotope, the operator entered net counts in the region of
interest. Again, the operator must be able to use the MCA to
determine the energy and identity of a peak. PEAK.WKl assumes
an oral intake and calculates an estimate of internal dose
based on
data from ICRP 30. Since oral intake is the most likely route
of intake for radiation workers at Mayo Clinic, PEAK.WKl is the
spreadsheet used when contamination is found.

"Lotus Development Corporation, 161 First Street, Cam-
bridge, MA, 02142.
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PEAKII.WK1 is similar to PEAK.WK1 except that it allows
the user to choose inhalation or oral intake routes. Figure 3
illustrates the calculation routine used in PEAK.WK1 and
PEAKII.WK1.

Gamma energy and yield data (ICRP 1983) for each radio-
nuclide are used to calculate system efficiency from the
efficiency calibration equation.

The spreadsheet utilizes retention equation data from ICRP
30. Coefficients for the retention equations are summarized by
Lessard et. al. (1987). Weighted committed effective dose eqiv-
alent is calculated using annual limit on intake (ALI) and the
appropriate stochastic or non-stochastic annual limit for the
desired radionuclide.

Recording level

Recording and investigation levels for internal dose are
discussed in ICRP 54. The recording level is defined as a
"value of committed dose equivalent or intake above which a
result from a monitoring program is of sufficient interest to
be worth keeping and interpreting (ICRP 54 1988)." An investi-
gation level is defined as a "value of committed dose equiva-
lent or intake above which the result is regarded as suffi-
ciently important to justify further investigation (ICRP 54
1988) ."

The investigation and recording levels defined by ICRP 54
are be difficult to implement for short-lived radionuclides.
Many of these radionuclides, such as 99nTc, would require weekly
monitoring since they are eliminated from the body rapidly.
Monitoring personnel on a weekly basis would not be practical.

A third recording or investigation level is defined by
the NCRP as the Negligible Individual Risk Level (NIRL). This
is defined as "the annual risk that corresponds to an annual
effective dose equivalent of 0.01 mSv (0.001 mrem)". This quan-
tity describes "a level of average excess fatal health risks
from radiation exposure from any individual source or practice
below which further effort to reduce individual exposure is
unwarranted" (NCRP 1987).

The Radiation Safety Office staff chose the NIRL quantity
as Jhe recording and investigation level for the whole-body
counting system since the occurrence of contamination is rare.
This recording level would not be appropriate for a facility
where contamination cases are frequent.
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Figure 3. Spreadsheet calculation routine
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RESULTS

System efficiency

Figure 4 shows the whole-body counter efficiency calibra-
tion curves for the carboy and REMCAL® phantoms.
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Figure 4. Efficiency calibrations

System efficiency is nearly identical at higher photon
energies for both phantoms. The smaller size of the REMCAL®
phantom results in better efficiency at low photon energies.
The unrealistically large volume of the carboy phantom may
result in a gross underestimate of system efficiency at low
energies due to self-absorption loss. The efficiency calibra-
tion calculated by using the REMCAL® phantom is used in the
spreadsheet.
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Minimum detectable activity

Table I shows minimum detectable activities for the cali-
bration radionuclides. An uncontaminated carboy phantom was
used to gather background counts for this data.

Table I: Minimum detectable activities

Nuclide

S7Co

1 3 7Cs

6OCo

6OCo

Gamma
Energy
(MeV)

0.122

0.662

1.173

1.332

Mayo
Chair
(Bq)

1110

7 4 0

3 7 0

3 7 0

Masse-Bolton
Chair
(Bq)

6 6 6

4 4 4

3 7 0

3 7 0

Minimum detectable activities (MDA) for the Mayo Chair
were nearly equal to the values obtained by Masse and Bolton
(1970). Higher values were seen in the low energy range. This
may be due to the lack of a front shadow shield.

MDA could be lowered by adding a shadow shield in front of
the subject. Also, the size of the subject will affect MDA.
Smaller subjects will have a higher MDA since they do not
shield the counter to the same degree as a large subject.
Individual with a large burden of naturally occurring radionuc-
lides will also have higher MDA's.

CONCLUSIONS

This project demonstrated the assembly and calibration of
a simple, inexpensive whole-body counter for use at small
institutions. The counter is comfortable and easy to maintain.
Lotus software allows the user to change variables in the
calculation routine with relative ease. The ability of the
system to estimate effective internal dose will help the
Radiation Safety Office comply with any changes to federal
regulations.

One problem the counter has is dependence on the size of
subjects. Small subjects do not shield the detectors to the
same degree as large subjects. The higher background count rats
seen with small subjects results in a higher minimum detectable
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activity for these subjects. This problem could be reduced by
adding a front shadow shield, but space limitations do not
allow for that at this time.

Another problem involves the lack of a distributed source
in the calibration phantom. The current calibration is based on
the use of point sources with the REMCAL® phantom. This proba-
bly results in an underestimate of system efficiency and thus
an overestimate in the calculation of body burden and internal
dose.

Internal dose cannot be calculated by one count with this
device. A single count can only yield an estimate of internal
dose based on an assumed effective half-life. Successive counts
should be performed to determine the retention equation for a
particular individual. Also, in vitro bioassay techniques can
be used to confirm calculations.

The final cost of the project was approximately $10,700.
The replacement value for all equipment used was $31,000. Both
of these figures are much lower than the $75,000 cost of a
commercial whole-body counter.
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