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ABSTRACT

The International Commission on Radiological Units and

Measurements (ICRU) has defined several new operational

quantities for radiation protection purposes. The quantities to

be used for personal monitoring are defined at depths in the

human body. Because these quantities are impossible to measure

directly, the ICRU has recommended that personal dosemeters

should be calibrated under simplified conditions on an appro-
priate phantom, such as the ICRU sphere. The U.S. personal
dosimetry accreditation programs make use of a 30 x 30 x 15 cm

polymethylmethacrylate (PMMA) phantom, therefore it is necessary

to relate the response of dosemeters calibrated on this phantom
to the ICRU operational quantities. Calculations of the conver-

sion factors to compute dosemeter response in terms of the

operational quantities have been performed using the code MCNP.

These calculations have also been compared to experimental
measurements using thermoluminescent (TLD) detectors.

INTRODUCTION

The ICRU has defined four operational quantities that are

recommended for radiation protection (ICRU, 1985). The ambient
and directional dose equivalents are to be used for the environ-

mental, or area, monitoring of strongly and weakly penetrating
radiations, respectively. These quantities are specified at

depths in the ICRU sphere (ICRU, 1980). The quantities for

personal monitoring are the individual dose equivalents, penetra-
ting and superficial. These quantities are also defined for

strongly and weakly penetrating radiation, respectively. The

individual dose equivalent quantities are specified at depths in

the human body, so it is impossible to measure them directly. In
practice, a personal dosemeter is constructed so that the detect-

ing element is covered by an appropriate amount of tissue-equiva-
lent material, and this dosemeter is then calibrated on a

simplified tissue-equivalent phantom. However, most dosemeters
in use in the U.S. are sensitive to backscattered radiation from

the body and from calibration phantoms. When calibrations are

performed with dosemeters mounted on a PMMA slab phantom,
corrections must be applied to account for differences in back-

scatter between the PMMA phantom and the ICRU sphere.

In the U.S., there are two programs for the accreditation of

personal dosemeters. They are the Department of Energy Labora-

tory Accreditation Program (DOELAP) and the National Voluntary
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Laboratory Accreditation Program (NVLAP). These programs require

the use of a rectangular PMMA phantom (DOE,1986, ANSI,1983).

Therefore, conversion factors are needed to relate the response

of dosemeters irradiated on a PMMA phantom to the operational

quantities. Calculations of this type have been performed for

photon and neutron irradiations (Hertel and McDonald, 1990,
1991) .

CALCULATIONS AND MEASUREMENTS

The determination of values for conversion factors can be

accomplished either by calculation or measurement, or both. The

most desirable situation is to use both methods and compare the
two. It has been the approach at the Pacific Northwest Labora-

tory to use the Monte Carlo computer code MCNP (ORNL, 1983) and

to perform confirmatory measurements in a geometry that closely
approximates the conditions used in the irradiations for the

accreditation programs.

The first case considered in the calculations was for photon

irradiations. The dose equivalent at a depth of 1 g/cm 2 in the

ICRU sphere was calculated along with the dose equivalent at a
depth of 1 g/cm 2 in a PMMA dosemeter placed on the face of a 30 x

30 x 15 cm PMMA phantom. This approximates the recommendation

given by the ICRU for a dosemeter to be covered with an appro-
priate amount of tissue equivalent material and calibrated on a

suitable phantom (ICRU, 1988). The front face of the phantom was
placed at a distance of i00 cm from point sources of radiation
that were used to s_mulate the actual irradiation conditions.

Similar calculations were performed with the ICRU sphere as a
phantom.

Backscatter factors were measured with thermoluminescent

dosimeters 7LiF (TLD-700) chips placed either on the surface of a

PMMA slab phantom or on a thin water filled plastic sphere that
was 30-cm in diameter. Corresponding measurements at the same
reference distance were made with the TLD mounted free-in-air

(Large, et ai.,1990). Results of the measurements and calcula-

tions are shown in Table i. For dosemeters sensitive to back-

scatter, these results could be used to correct the air kerma to

directional dose equivalent, H'(10), cunversion factors. These

data also compare favorably to the recent calculations of

Bartlett, et al. (1991).

The calculations for neutron irradiations used the larger 40

x 40 x 15 cm PMMA phantom required by the accreditation programs

(DOE, 1986, ANSI, 1983). The front face of this phantom was
placed at 50 cm from the radiation sources. A dosemeter was

again mounted on both the surface of this phantom and on the ICRU

sphere. The dose equivalents at a depth of 1 g/cm 2 in the ICRU
sphere and at the same depth in the dosemeter were calculated.
The results of these calculations are shown in Table 2. The

present results are within the expected dncertainties of previ-
ously reported calculations of conversion factors between fluence

and H' (i0). Confirmatory measurements are planned for the
neutron irradiations using TLD-albedo dosemeters and CR-39
plastic track-etch dosemeters.
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CONCLUSIONS

The process of relating the response of dosemeters,

calibrated in terms of metrological quantities, to the

operational or limiting quantities can be accomplished by the use

of appropriate conversion factors. It is also possible to

calibrate dosemeters on the rectangular solid PMMA phantoms
required by the U.S. accreditation programs, and to relate the

response of such dosemeters to the ICRU operational quantities°

The conversion factors giv_.n in this report were calculated by
the Monte Carlo code MCNP and compared to measurements taken with
TLD's. The agreement obtained between these two methods was

within the expected uncertainties for them. Future work wi].l

include the verification of the neutron conversion factors by
experimental measurement.

ACKNOWLEDGMENTS

The authors would like to thank K.K. Large and R.J. Traub for
their help with the calculations and measurements. This work was

supported by the U.S. Department of Energy under Contract DE-
AC06-76RLO-1830.

Table i. Calculated and Measured Ratios of Photon Backscatter

Factors for the 30 x 30 x 15-cm PMMA phantom relative to
the ICRU sphere.

Calculated Measured

Photon Enerqv ......(keV) BSF Ratio BSF Ratio

i0 1.0 -

20 1.05 0.98

30 i. 13 1.19

40 1.23 1.22
50 1.29 -

60 1.26 1.27

80 1.26 1.19

i00 1.17 1.06
200 1.09 -

300 1.05 -

662 1.03 1.06

1250 1.02 1.03

Table 2. Calculated Fluence to Directional Dose Equivalent
Conversion Factors for Dosemeters Irradiated on the 40 x

40 x 15-cm PMMA phantom and the ICRU sphere. Values are

given in terms of pSv/cm 2 (Hertel and McDonald, 1991).

Neutron Energy ....(MeVl PMMA Phantom ICRU Sphere

0.001 6.1 6.2

0.i 66.6 67.1

1.0 361 375

D20 Moderated 252Cf 87.8 93.2

Unmoderated 252Cf 332 343



D
w

REFERENCES

ANSI (1983) . American National Standards Institute ,"American

National Standard for Dosimetry-Personnel Dosimetry Perfor-
mance-Criteria for Testing", ANSI N13.11-1983 (American

National Standards Institute, Washington, D.C.).

Bartlett, D.T., Dimbylow, P J and Francis, T M ,.... "Calculated

Backscatter from Phantoms for Photon Dosemeter Calibration",
Radiat. Prot. Dosim. 32(2), 123-125 (1990)•

DOE (1986)• U.S. Department of Energy, "Department of Energy

Standard for the Performance Testing of Personnel Dosimetry

Systems", DOE EH-0027 (U.S. Department of Energy, Washington,
D.c.).

Hertel, N E and McDonald, J C "Methods for the Calibration of• • • • ,

Photon Personnel Dosemeters in terms of the Ambient Dose

Equivalent", Radiat. Prot. Dosim. 32 (3), 149-156 (1990)•

• • . "Calibration of NeutronHertel, N E and McDonald, J.C ,

Personnel Dosemeters in terms of the ICRU Operational

Quantities", Radiat. Prot. Dosim. 3? (3), 149-156 (1991).

ICRU (1980). International Commission on Radiological Units and

Measurements, "Radiation Quantities and Units", ICRU Report 33
(International Commission on Radiological Units and Measure-
ments, Bethesda, Maryland).

ICRU (1985). International Commission on Radiological Units and

Measurements, "Determination of Dose Equivalents Resulting from
External Radiation Sources", ICRU Report 39 (International

Commission on Radiological Units and Measurements, Bethesda,
Maryland) .

ICRU (1988)• International Commission on Radiological Units and

Measurements, "Determination of Dose Equivalents from External

Radiation Sources-Part 2", ICRU Report 43 (International

Commission on Radiological Units and Measurements, Bethesda,
Maryland) .

ORNL (1983)• Oak Ridge National Laboratory, Radiation Shielding
Information Center, Computer Code Collection, CCC-200, Los
Alamos Radiation Transport Group X-6. "MCNP Monte Carlo Neutron

and Photon Transport Code" (Oak Ridge National Laboratory, Oak
Ridge, Tennessee) _



/




