
QA EXPERIENCE AT THE UNIVERSITY OF WISCONSIN 
ACCREDITED DOSIMETRY CALIBRATION LABORATORY

L. A. DeWerd, Ph.D. 
J. A. Micka, B.S W

Abstract - The University of Wisconsin Accredited Dosimetry Calibration Laboratory 
(UW ADCL) employs procedure manuals as part of its Quality Assurance (QA) 
program. One of these manuals covers the QA procedures and results for all of the 
UW ADCL measurement equipment. The QA procedures are divided into two main 
areas: QA for laboratory equipment and QA for external chambers sent for 
calibration. All internal laboratory equipment is checked and recalibrated on an 
annual basis, after establishing its consistency on a 6-month basis. QA for external 
instruments involves checking past calibration history as well as comparing to a range 
of calibration values for specific instrument models. Generally, we find that a 
chamber will have a variation of less than 0.5 % from previous Co-60 calibration 
factors, and falls within two standard deviations of previous calibrations. If x-ray 
calibrations are also performed, the energy response of the chamber is plotted and 
compared to previous instruments of the same model. These procedures give us 
confidence in the transfer of calibration values from National Institute of Standards 

. and Technology (NIST).

INTRODUCTION

The UW ADCL is a secondary calibration laboratory accredited by the American Association of 
Physicists in Medicine. The laboratory calibrates medical equipment used in the radiation 
environment; in particular, a large part of the calibrations performed are for radiation therapy and 
diagnostic x-ray applications. As a secondary laboratory, the UW ADCL has taken great pains to 
match the x-ray beam qualities established by NIST. Prior to obtaining our constant potential x-ray 
unit, we had a full-wave, rectified x-ray machine. Our procedure to match NIST x-ray beam qualities
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for that machine is given in the paper by Goetsch, Kamande, and Attix (1985). In 1986 we obtained 
a constant potential x-ray generator similar to that at NIST. Accurate matching of the NIST x-ray 
beams using the constant potential machine was straightforward, and performed with a higher degree 
of precision.

The UW ADCL uses four procedure manuals that outline the operation of the laboratory. These 
manuals are required reading for any laboratory personnel and are limited in distribution. There is 
only one "official" copy which is kept in the Director’s Office. Any changes must be initialed and 
approved by the Director before it is officially instituted. A general manual outlines all QA 
procedures and another entitled "Catalog of Standards & History" includes the calibration history for 
all of the UW ADCL equipment. All internal laboratory equipment is checked and recalibrated on an 
annual basis, after establishing its consistency on a 6-month basis. Data for these QA checks are 
maintained in this "Catalog of Standards & History" manual in addition to outside intercomparisons or 
calibrations; an example of such an outside activity would be the calibration or re-calibration of an 
ionization chamber by NIST.

The UW ADCL also includes QA procedures on equipment sent to the laboratory for calibration.
For example, data are kept on types of ionization chambers. After calibration, a chamber can be 
compared with previous values for that model and type. Instruments that do not fall within acceptable 
ranges are investigated and recalibrated for verification. Also, contact with the user is made to 
determine instrument repair history and its possible impact on the calibration.

MAINTENANCE OF STANDARD BEAMS

In order to best serve the needs of the medical physics community, the UW ADCL established a Co- • 
60 calibration range, a Cs-137 calibration range (including 1.3 Ci, 130 Ci, and 800 Ci sources), and 
an orthovoltage x-ray calibration range with 17 NIST matched beam qualities (see Table 1). All 
calibration ranges were developed to provide a flat, uniform field approximately 10 cm in diameter at 
an SSD of 100 cm. The Co-60 and Cs-137 ranges each have at least two NIST-calibrated standard 
chambers to provide maximum traceability. The x-ray range utilizes two different types of standard 
chambers: one for "hard" x-ray beams (kVp>80, half-value layer (HVL)>2.9-mm Al), and one for 
"soft" x-ray beams (20<kVp<80). Both of these standards have backups for internal quality control 
purposes.

Each 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 Ge detector used to determine the spectra and, thus, the 
kVp. 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.

All of the above-mentioned calibration ranges employ in-beam transmission monitors to normalize 
exposure. These monitors were carefully designed and manufactured in-house to minimize attenuation 
of the calibration beams, and to provide long-term stability. Use of air-vented transmission monitors 
allows the calibration of numerous chambers in one cycle, since air density, timing, and geometry 
changes are constantly monitored. Upon initial calibration of the beam during the daily cycle, the 
standard chamber charge readings are divided by the transmission monitor readings to produce a 
"standard ratio." Customer calibrations throughout the remainder of the cycle are normalized to the 
monitor chamber readings in the same manner. As a result, the calibration factor is easily transferred
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from the standard chamber to the customer chamber, and air density and timing errors cancel out. At 
the end of the calibration cycle, the standard chamber is repeated, and the "standard ratio" is 
determined once again to make sure nothing has changed during the calibration cycle.

We have produced decay tables for our radioactive sources listing the decay-corrected values for each 
day. The appropriate value from the table is then used to compare with daily exposure measurements 
to provide verification of the constancy of our radiation source. For the x-ray machine, the exposure 
and air kerma rates are measured after the beam qualities are created and matched to NIST beams. A 
table listing these rates for each beam quality is posted in the control room, and daily exposure 
measurements are compared to those in this table. If the daily exposure measurements differ 
significantly from the tabulated predicted values, the calibration cycle is suspended until the 

. discrepancy is resolved.

CALIBRATION QA OF UW ADCL EQUIPMENT

The UW ADCL maintains a number of standard ionization chambers traceable to NIST at various 
beam energies. In addition to ionization chambers, the laboratory has other equipment (to measure 
temperature, pressure, voltage, capacitance, etc.) that has been calibrated and is traceable to NIST. 
The following discussion is oriented toward ionization chambers, but the same procedures are used 
for all laboratory calibration equipment.

Upon receipt of a new ionization chamber, the UW ADCL will intercompare it with previously 
calibrated NIST chambers to determine an interim calibration factor. The chamber is monitored and 
recalibrated over a period of 6 months to ensure stability. The chamber is then sent to NIST for 
calibration. Upon return, the chamber is again intercompared with other NIST chambers that are 
calibrated for that energy. This provides two checks for us: first the stability of our chamber 
calibration factors, and secondly, that the new chamber sent to NIST has not changed in transit. 
Periodically thereafter, chambers are intercompared with other NIST chambers. This is performed on 
a 6-month basis until we have established their characteristics and stability. Thereafter, it is 
performed on a yearly basis. Many times this is done during a calibration procedure of chambers 
sent in for calibration. It is always done using at least two NIST-calibrated chambers at one time.
The value is then recorded on a history sheet such as the one shown in Table 2. Note that the first 
date of October 1984 includes a number of NIST points for this chamber. Thereafter, Center for 
Devices and Radiological Health (CDRH) and local intercomparisons are listed; in the interest of 
brevity, only three dates are included for this table in this publication. Note that this chamber has 
remained within ±1.0% throughout its lifetime for the x-ray points.

QA OF CHAMBERS SENT FOR CALIBRATION

QA is also provided on chambers sent for calibration. This involves checking on past calibrations of 
that chamber as well as checking for a range of calibration values for that type of chamber. Figure 
1A shows a scatter plot of the Nx values with calibrated chamber and Figure IB shows a bar graph of 
the frequency of Nx calibration factors for Capintec PR-06C chambers. Generally, we find that a 
chamber will have a variation of less than 0.5% of its previous Nx value for re-calibration at the 
Co-60 factor. In most cases, it is generally within ±0.2%. If a Co-60 point andx-ray points are 
done, the energy response of Nx for the chamber is compared with previous chambers to show that it 
falls within two standard deviations. An example of a Capintec PR-06C chamber calibration at Co-60
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and several x-ray points is plotted on Figure 2. The displayed error bars in Figure 2 show the 2- 
sigma standard deviation, and the plot shows an acceptable energy response for this chamber.

These QA procedures give us confidence in the calibration done on the submitted chambers. If a 
factor seems to be out of tolerance levels, e.g., its value of Nx has changed by more than 0.5%. or it 
is outside of 2 standard deviations for a point, we will repeat the point for verification. This repeated 
point usually has an Nx value that agrees to within ±0.2% of the prior calibration done at the UW 
ADCL. Generally, for chambers with an Nx value that has changed by an amount greater than 0.5%, 
we find that the thimble has been replaced or there is some other physical reason for the observed 
deviation.

CONCLUSION

The QA procedures for the UW ADCL provide a means to control exposure and air kerma 
calibrations of ionization chambers. Numerous instrument problems and discrepancies have been 
resolved as a result of strict adherence to the QA plan. Through identification of these problems and 
direct contact with the physicist using the instruments, significant errors in clinical dose 
measurements have been averted. These procedures provide confidence in the transfer of calibration 
values from NIST to the medical physics community.
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Table 1 - Comparison of UW ADCL and NIST Beams 

NIST BEAM QUALITIES UW ADCL BEAM QUALITIES

BEAM CODE HVL HC BEAM CODE HVL HC
(mm AD (mm AD

L40 0.49 57 UW40-L 0.49 60
L50 0.75 58 UW50-L 0.75 61
L80 1.83 58 UW80-L 1.83 58
L1001 2.8 59 UW100-L 2.81 59

M20 0.152 79 UW20-M 0.155 81
M30 0.36 64 UW20-M 0.36 68
M40 0.73 66 UW40-M 0.73 69
M50 1.02 66 UW50-M 1.03 66
M60 1.68 68 UW60-M 1.69 67

UW80-M2 2.89 66
M100 5.0 72 UW100-M 4.99 71

UW120-M2 7.00 77
M150 10.2 87 UW150-M 10.3 86
M200 14.9 95 UW200-M 15.0 93
M250 18.5 98 ' UW250-M 18.6 95

S75 1.86 63 UW75-S 1.86 62
S60 2.8 75 UW60-S 2.79 77

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

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

M series beams.
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Table 2 - UW ADCL Standard Chamber Calibration History

Keitbley Model 96035, Serial No. 18691 

Purchased 1984

Date Beam Loc. Cal. Fact. 
(R/C)

Comments Compared
to:

A%

10/84 L100 NIST 2.474 E 8 (Corrected for 1986 change in definition 
of R)

10/84 L50 NIST 2.479

10/84 M30 NIST 2.455

10/84 L30 NIST 2.501

1/85 M100 CDR
H

2.454

1/85 L100 CDR
H

2.475 2.474 +0.04'

1/85 L80 CDR
H

2.505

1/85 M50 CDR
H

2.484

1/85 M30 CDR
H

2.412 2.455 -1.75

12/91 M50 UW 2.488 CDRH: 2.484 +0.16

12/91 M40 UW 2.472 UW-Interpolation: 2.468 +0.16

12/91 M30 UW 2.461 NIST: 2.455 +0.24

12/91 M20 UW 2.536

12/91 L80 UW 2.503 CDRH: 2.505 -0.08

12/91 L50 UW 2.460 NIST: 2.479 -0.77

12/91 L40 UW '2.475 UW-
Interpolation:

2.490 -0.60

* Note: Chamber was replaced in 1991 by PRM LE 0.8 (s/n 8835) which is the new 
soft x-ray standard chamber. The 96035 chamber is now used as a backup and for 
internal quality control.
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