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Abstract - Calibration services for the medical community applications of radiation 
involve measuring radiation precisely and having traceability to the National Institute 
of Standards and Technology (NIST). Radiation therapy applications involve the use 
of ionization chambers and electrometers for external beams and well-type ionization 
chamber systems as well as radioactive sources for brachytherapy. Diagnostic x-ray 
applications involve ionization chamber systems and devices to measure other 
parameters of the x-ray machine, such as non-invasive kVp meters. Calibration 
laboratories have been established to provide radiation calibration services while 
maintaining traceability to NIST. New radiation applications of the medical 
community spur investigation to provide the fixture calibration needs.

INTRODUCTION

Generally, the medical applications of radiation necessitate calibrations for the disciplines of radiation 
therapy, diagnostic x-ray, and nuclear medicine. Radiation therapy and diagnostic x-ray are the 
disciplines requiring the most calibration services and are the subject of this paper.

The calibration services for radiation therapy can be divided into those for external radiation beams 
and brachytherapy applications. External beams necessitate the calibration of ionization chambers, 
generally farmer-type or parallel plate chambers and electrometers. These systems are then applied to 
measure the radiation dose which is used for the calculations involved in the American Association of 
Physicists in Medicine (AAPM) protocol developed by Task Group 21 (known as the TG21 . 
megavoltage protocol) (Task Group 21, 1983). With the increase in use of electron beams in 
radiation therapy, the uncertainties in the calibration of parallel plate chambers for electron beams 
resulted in organizing another task group to resolve this issue (Attix 1990; Rogers 1992). For the 
application of external beams, ionization chambers are calibrated for the following radiation qualities: 
Co-60, Cs-137, and various x-ray qualities, depending on the therapy application. The calibration 
services for the brachytherapy division of radiation therapy applications can be artificially divided,
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based on the activity of the radioactive source that is to be used. The low dose rate (LDR) 
applications generally involve activities less than 3.7 GBq (100 mCi), whereas the high dose rate 
(HDR) applications involve greater activities. The HDR area uses Ir-192 as the nuclide of choice. 
This application requires the calibration of ionization chambers, including well-type ionization 
chambers, and electrometers. The LDR application involves the calibration of radioactive sources, 
such as Cs-137, 1-125, and Ir-192, as well as the calibration of well-type ionization chambers, either 
sealed or communicating with the atmosphere.

The diagnostic x-ray applications usually involve energies represented by 20 kVp to 150 kVp (HVL 
of 0.15 mm Al to 10 mm Al). The calibration services needed in diagnostic x-rays involve 
calibration of ionization chambers and electrometers, or more likely, ionization chambers and 
electrometers linked together as a system. The diagnostic x-ray application requires some beams that 
are not provided by NIST. For example, the HVL of 2.89 mm Al at 80 kVp and the HVL of 7.0 
mm Al (120 kVp) beam. After accurately matching the NIST x-ray beams with the University of 
Wisconsin Accredited Dosimetry Calibration Laboratory (UW ADCL) constant potential x-ray 
machine, the 80 kVp and 120 kVp beams were established by an interpolative technique. Table 1 
shows the beam qualities offered by the UW ADCL; these beams match closely those of NIST.
Other ADCLs offer similar x-ray beams. The S-beams are also useful for the diagnostic area. In 
addition, the diagnostic x-ray application involves the need to measure the kVp of the x-ray beam. 
This is a service no longer provided by NIST, but is being investigated for what type of traceability 
can be provided.

The needs of the medical physics community can be provided by the beams indicated above. In 
addition, with a low activity Cs-137 source, survey meters for health physics applications can also be 
calibrated. The UW ADCL maintains at least two NIST-calibrated standard chambers to provide 
maximum traceability for Co-60 and Cs-137. The x-ray range utilizes two different types of standard 
chambers: one for "hard" x-ray beams (kVp>80, HVL>2.9 mm Al), and one for "soft" x-ray 
beams (20<kVp<80). Both of these standards have backup chambers. Further information is given 
in the paper "QA Experience at the University of Wisconsin Accredited Dosimetry Calibration 
Laboratory," which is a part of these proceedings.

THE NEED OF ACCURACY FOR MEDICAL CALIBRATIONS

There are different accuracy levels needed for each of the medical applications of radiation. Each of 
these levels is based upon different considerations, one of which is radiation safety to the patient. In 
radiation therapy, too high a dose can cause harm to the patient; too low a dose may not destroy the 
tumor. In diagnostic x-ray, the contrast and density of the image is greatly affected by the radiation 
exposure. In addition, excess radiation to perform a diagnostic exam is frowned upon, although it is 
not as severe a problem as it is for radiation therapy. Diagnostic exposure meters do not need to 
perform with the same accuracy and precision of systems used for therapeutic dose measurements. 
Table 2 shows the operating accuracy limits for the medical applications. Note that, for diagnostic 
x-ray ionization chamber systems, a recent task group report has suggested an accuracy of ±3% 
(Wagner et al. 1992). In all cases, the medical physics community operates on the AAPM 
recommendation that dosimetry instrumentation be recalibrated every 2 years.
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CALIBRATION LABORATORY PROCEDURES AND ACCURACY

Generalized protocols for calibration have been developed by Task Group 3 (TG3) of the AAPM to 
maintain consistency in calibration for the medical applications of radiation. The individual 
laboratory protocols are checked by an on-site review team of TG3. Each ADCL has their own set of 
protocols and procedures consistent with AAPM guidelines. As an example, those used by the 
UW ADCL are outlined below.

Each UW ADCL x-ray beam quality was carefully matched to available NIST beams using a standard 
aluminum filter set (obtained from NIST) for HVL measurement. The UW ADCL constant potential 
machine has been calibrated for kVp using an intrinsic germanium detector used to determine the 
spectra and, thus, the kYp. Once the NIST-matched beams were developed, our standard chambers 
were sent to NIST for calibration. Beam qualities are periodically checked for HVL and kVp 
accuracy.

In-beam transmission monitors are employed to normalize exposure, both for the standard chamber 
and for the chamber to be calibrated. This results in the calibration factor being easily transferred 
from the standard chamber to the customer chamber, with air density and timing errors being 
canceled.

Brachytherapy calibration procedures differ, depending if the item being calibrated is a well-type 
ionization chamber or a radioactive source. If it is a well-type ionization chamber, a standard 
NIST-calibrated radioactive source of the appropriate type, Cs-137,1-125, or Ir-192, is inserted in the 
well-type chamber to determine a correction factor. The radioactive source is first checked in the 
UW ADCL "calibrated standard" well-type ionization chamber. If a radioactive source is submitted, 
it is first determined if the source is similar to a NIST-calibrated source at the UW ADCL. If it is, 
the NIST-calibrated source is first placed in the standard well-type ionization chamber and then the 
submitted source of similar make and activity is measured in the standard well-type ionization 
chamber. If the source is different than the standard NIST source, the submitted radioactive source is 
measured in air with an ionization chamber at a distance. For HDR applications, the method outlined 
by Goetsch et al. (1991) is used.

The UW ADCL has established a calibration classification scheme for accuracy of the calibration 
factors; it is shown in Table 3. Other laboratories have established similar levels.

The ADCLs generally agree with NIST when they intercompare ionization chambers. The 
requirements are to be in agreement to ±0.5% for Co-60 beams and ±1% for x-ray points. Table 4 
shows the 1990 agreement for various beams.

ADDITIONAL CALIBRATION NEEDS OF THE MEDICAL COMMUNITY

Some calibration needs of the medical community are in the process of being met by NIST so that the 
secondary laboratories can provide the calibration services. For example, NIST has completed a 
study on Sr-90 and 1-125 calibrations. In other areas, NIST is investigating the methodology further 
to establish a standard. For example, NIST is investigating the methodology involved in HDR Ir-192 
calibrations; an interim technique was developed by the UW ADCL (Goetsch et al. 1991). Other 
calibration procedures for medical applications of radiation, such as a calibration for Pd-103, are still 
too much in their infancy for time to be spent developing a standard.
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A calibration that the UW has provided for the diagnostic x-ray community for the past 12 years is 
that of kVp calibrations. NIST provided a calibration of voltage dividers but stopped in 1988. The 
UW calibration laboratory has continued to provide calibrations based on a 5-year-old calibration of 
its voltage divider and old calibrations of Wisconsin kVp cassettes. The two techniques have 
remained consistent so there is confidence that nothing has changed, or that both have changed in the 
same manner; however, there is no way to check this at present. Calibrations for kVp are very 
important for diagnostic x-ray applications, since kVp affects the contrast of the image, especially in 
mammographic applications. Part of the confusion in this area is the definition of kVp. Calibration 
of any device requires precise definitions of the quantity being measured so devices can be calibrated 
versus a standard. NIST is studying this problem. In the interim, intercomparisons with CDRH and 
our own in-house intercomparisons have provided some assurance that the kVp calibrations have some 
degree of accuracy.

Other needs in the medical community periodically arise that do not affect NIST, but rather affect 
methodology of the secondary laboratories concerned with providing calibration service to the medical 
community. Two examples of this are the calibration of parallel plate chambers for application to the 
measurement of electron beams, and the uncertainties involved in the transfer of calibrations from 
NIST through the secondary laboratories. Both of these issues were addressed by TG3 in 
commissioning study groups. Reports of these issues will be forthcoming in the near future.

CONCLUSION

The procedures used by the secondary laboratories in cooperation with NIST have provided for the 
calibration needs of the medical community in the application of radiation. The major needs have 
been addressed in this paper and outlined as to their implementation. In addition, procedures are in 
place to address the future needs of the medical community for calibration. All of these methods 
provide confidence in the transfer of calibration values from NIST to the medical physics community.
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Table 1 - UW ADCL X-Ray Beam Qualities

Beam Code HVL (mm AL) HC

UW40-L 0.49 60
UW50-L 0.75 61
UW80-L 2.81 58
UW100-La 2.81 59

UW20-M 0.155 81
UW30-M 0.36 68
UW40-M 0.73 69
UW50-M 1.03 66
UW60-M 1.69 67
UW80-Mb 2.89 66
UW100-M 4.99 71
UW120-Mb 7.00 77
UW150-M1 0.3 86
UW200-M1 5.0 93
UW250-M1 . 8.6 95

UW75-S 1.86 62
UW60-S 2.79 77

All beams are matched as closely as possible to available NIST beam qualities.

a A UW100-L comparable beam quality is currently unavailable from NIST. 
b UW80-M and UW120-M beams are not offered by NIST and are interpolated from existing NIST 

M series beams.

Table 2 - Accuracy Needs of Calibrations for the Medical Community

Division Working Accuracy

External Beam Radiation Therapy ±2%

Brachytherapy ±5%

Diagnostic X-ray ±5%
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Table 3 - UW ADCL classification scheme for the accuracy of the car-kerma or exposure calibration 
factors for reference and field class instruments. Classes I, II, and III apply to radiation therapy 
services; Class IV apply to general diagnostic x-ray calibrations

Class Cobalt-60 Cesium-137 X-rays

I ±0.5% ±0.5% ±1.0%

n ±0.5% ±0.5% ±2.0%

m ±1.0% ±1.0% ±2.0%

IV N/A N/A ±5.0%

UW ADCL Brachythera jy classification scheme.

Class Accuracy

I ±2.0%

n ±3.0%

in ±5.0%

Table 4 - 1990 Measurement Quality Assurance Test; ADCLs compared to NIST

NIST Beam

HVL

(mm Al)

Percent Difference from Code 

NIST by ADCL Number

1 2 3 4 5

M50 1.02 0.4 1.1

M60 1.68 0.5 0.5 -0.1 -0.1

M100 5.0 0.2 0.2 0.1 -0.2

M150 10.2 0.4 0.3 <0.1 -0.2

M200 14.9 0.6 0.4 -0.4 -0.3

M250 18.5 0.6 -0.1 -0.2

Cs-137 N/A -0.2 0.1

Co-60 N/A -0.2 -0.2 0.3 -0.4 0.0
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