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Abstract

Absolute and relative dosimetry measurements in clinical electron beams using different detectors were
performed at a Philips SL18 accelerator. For absolute dosimetry, ionization chamber measurements with the
PTW Markus and PTW Roos plane parallel chambers were performed in water following the recommendations
of the TRS-381 Code of Practice, using different options for chamber calibration. The dose results obtained with
these ionization chambers using the electron beam calibration method were compared with the dose response of
the ferrous sulphate (Fricke) chemical dosimeter. The influence of the choice of detector type on the
determination of physical quantities necessary for absolute dose determination was investigated and discussed.
Results for dmax, R50 and Rp were in agreement within statistical uncertainties when using a diode, diamond or
plane parallel chamber. The effective point of measurement for the Markus chamber is found to be shifted
0.5 mm from the front surface of the cavity. Fluence correction factors, hm, for dose determination in electron
beams using a PMMA phantom were determined experimentally for both plane parallel chamber types.

1. Introduction

The IAEA Code of Practice TRS-381 [1] describes the use of plane parallel ionization
chambers in high-energy electron beams and gives options to calibrate this type of chambers.
The different calibration methods were applied to PTW Markus and PTW Roos chambers.
Fricke measurements [2] in water in a high-energy electron beam confirmed the value of the

factors of the Markus and the Roos chambers determined in a high-energy electron
60beam. The Â o,air factor of the PTW/Roos chamber determined in water in a 60Co beam was

1.7% higher than that determined in a high-energy electron beam.

Relative dosimetry measurements in clinical electron beams are performed with
different detectors. The measured values of the different parameters were compared and the
influence of the use of different detectors for determination of physical quantities on the
absolute dose values is discussed. Measurements confirmed that the effective point of
measurement of the PTW/Markus chamber is not in the front of the air cavity but
approximately 0.5 mm towards the centre of the air volume.

Most protocols include the use of plastic phantoms for the dose determination to water
in electron beams, especially for low energy beams. Correction factors for dose determination
in electron beams in a PMMA phantom hm were experimentally determined with both plane
parallel chamber types. These values deviate from those specified by the TRS-381 protocol.
The largest deviations were observed for the Markus chamber. Experiments also showed that
these correction factors are dependent on the type of the chamber. The results confirm the
recommendation in the protocol to determine the absorbed dose in a water phantom to avoid
the plastic-dependent correction factors.
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To investigate the accuracy of the new data and the procedures included in the TRS-381
Code of Practice, the calculated absorbed dose values determined with a PTW/Markus and a
PTW/Roos plane parallel chamber types and using the iV âir factors determined in a high-
energy electron beam, were compared with those obtained with an independent dosimeter, the
Fricke dosimeter, in a PMMA phantom.

2. Electron beam characteristics: relative dosimetry

To determine the absolute dose in an electron beam, the electron beam parameters
related to the physical quantities such as mean electron energy at depth and at the surface of
the phantom have to be determined [1,3].

We have experimentally determined the depth of dose maximum R100, the half value
depth R50 and the practical range Rp using different detectors: the PTW/Markus (type PTW

23343) and PTW/Roos (type PTW 34001) plane parallel ionization chambers, a diode
(Scanditronix p-Si) and a diamond detector (PTW ITP Dubna). Measurements were
performed in an automatic water phantom (PTW MP3). Some measurements were repeated in
a PMMA phantom. All depth values reported in the following tables are specified as depth
(mm) in water.

2.1. Determination of the depth of dose maximum in an electron beam

To determine the value of the depth of dose maximum with a plane parallel ionization
chamber, the measured ionization values were converted to dose values by multiplication with
the stopping power ratios and with the appropriate correction factors (pCav, Ppoh Ps)- The
effective point of measurement is located at the inner surface of the front window. The diode
and diamond detector can be used directly without depth dependent corrections. The results
are given in Table la. The uncertainties are given as one standard deviation of the measured
values with the different detectors. The measurements were performed using an SSD of
100 cm and a 10 cm x 10 cm field.

TABLE la. DEPTH OF MAXIMUM DOSE DETERMINED WITH DIFFERENT DETECTORS IN A
WATER PHANTOM FOR A 10 x 10 FIELD AND SSD = 100 cm

Energy
(MeV)

4

6

8

10

12

15

18

(Rm) Roos
(mm)

8.8

12.6

16.4

20.5

26.7

27.7

30.0

(i?ioo) diamond
(mm)

8.9

12.6

17.1

21.5

26.8

27.9

29.5

(Rm) diode
(mm)

8.9

12.3

17.0

21.3

26.7

27.7

30.0

(/?ioo) mean
(mm)

8.83

12.5

16.8

21.1

26.73

27.8

29.8

a
(mm)

0.06

0.2

0.4

0.5

0.06

0.1

0.3

Results for the Markus chamber are given in Table Ib. These different from the values
determined with the Roos chamber, the diode and the diamond detector: if one determines the
std dev for all the other values, the results for the Markus chamber are outside 3*std dev. This
is indicating a possible shift in the position of Peff of the Markus chamber.
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For some energies, especially the low energies, the measurements were repeated with
the Markus plane parallel ionization chambers in a PMMA slab phantom. The results are
given in Table II. These values are specified as depth in water. The scaling method proposed
in the TRS-381 Code of Practice was used to calculate the corresponding depth in water.

TABLE Ib. DEPTH OF MAXIMUM DOSE DETERMINED WITH A PTW/MARKUS PLANE PARALLEL
CHAMBER IN A WATER PHANTOM FOR A 10 x 10 FIELD AND SSD = 100 cm

Energy
(MeV)

4

6

8

10

12

15

18

(̂ ?JOO) Markus
(mm)

8.4

12.2

16.0

19.8

26.0

27.3

29.4

TABLE II. DEPTH OF MAXIMUM DOSE DETERMINED WITH A PTW/MARKUS PLANE PARALLEL
IONIZATION CHAMBER IN A PMMA SLAB PHANTOM

Energy /?.„„
(MeV) , . . ,
v ' (mm water equiv)

4

6

8

18

9.0

12.6

17.0

30.0

Taking the spread of the results for the depth of dose maximum into account, it can be
concluded that no significant difference was found between the values obtained with the
ionization chambers in water and in PMMA. From these results it can be concluded that the
proposed scaling procedure given in the TRS-381 protocol to convert the depth in a PMMA
phantom to the depth in water is satisfactory. In low-energy electron beams where the dose
maximum is only a few millimetres, measurements in water are difficult and the
determination in a plastic phantom can be seen as a check of the water measurements.
However, the plastic measurements are too laborious in clinical circumstances.

We conclude, under the assumption that the detector reading is proportional to absorbed
dose to water, that in clinical practice the diode is the most practical detector. The diamond
detector needs to be pre-irradiated to give accurate results. Ionization chamber measurements
need multiple calculations (to include stopping power ratios and perturbation correction
factors) to determine depth-dose values from measured ionization values.

23



2.2. Determination of the practical range Rp

The practical range is determined in a 14 cm x 14 cm field for an SSD of 100 cm. The
results are shown in Table III.

TABLE III. PRACTICAL RANGE DETERMINED WITH DIFFERENT DETECTORS IN A WATER
PHANTOM

Energy
(MeV)

4

6

8

10

12

15

18

(R p ) Markus

(mm)

20.8

29.0

38.4

45.6

59.3

70.3

83.3

( Rp) Roos

(mm)

21.1

29.4

39.0

45.9

60.4

71.4

83.5

(Rp) diamond

(mm)

20.9

29.1

38.7

45.7

59.9

71.1

83.0

( R p ) diode

(mm)

21.1

29.2

38.8

46.0

59.8

71.1

82.2

(Rp) mean

(mm)

21.0

29.2

38.7

45.8

59.9

71.0

83.0

a
(mm)

0.2

0.2

0.2

0.2

0.3

0.2

0.7

Similar conclusions can be drawn for these results as for the experimental determination
of the depth of dose maximum.

2.3. Effective point of measurement of the PTW Markus ionization chamber

The effective point of measurement for a plane parallel ionization chamber is assumed
to be situated in the center at the inner surface of the front window. TRS-381 has specified the
properties for the recommended plane parallel ionization chambers. The chamber properties
for the PTW/Markus chamber however deviate from these recommended values: the ratio of
the diameter of the cavity to the height of the cavity is only 3 and the guard ring is too small.

We compared the values of maximum ionization at the depth and at half value depth,
measured with both the PTW/Markus and the PTW/Roos plane parallel ionization chambers
in a water phantom. The measured ionization values were corrected for polarity and
recombination effects. Results are given in Tables IV and V.

Due to the cavity properties and the negligible guard ring which can introduce in-
scattering via the side walls, an average shift of 0.5 mm (a = 0.2 mm) of the effective point of
measurement of the Markus ionization chamber from its front surface of the air volume
towards the center of the air volume is measured by comparison with the PTW/Roos chamber.

2.4. Determination ofRso

For dosimetry purposes it is customary to specify the beam quality of an electron beam
by the mean energy at the phantom surface. This parameter is required for the selection of
different physical quantities and parameters used to calculate the absorbed dose, and is
determined from empirical relationships between the mean energy and the parameter R50.

We compared the values for /?/0 derived from an ionization curve measured with a
plane parallel ionization chamber and given in Table V, and R^, the half value depth
determined with a diode or a diamond detector. The measurements were performed using an
SSD of 100 cm and a 14 x 14 field. The results are given in Table VI.
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TABLE IV. SHIFT OF THE EFFECTIVE POINT OF MEASUREMENT OF THE PTW/MARKUS
CHAMBER IN COMPARISON WITH THE PTW/ROOS CHAMBER BASED ON MEASUREMENTS AT
THE DEPTH OF MAXIMUM IONIZATION

Energy ^ ( M a r k u s ) R^ (R o o s) shift = zMarkus - zRoos

(mm water) (mm water)

4 8.3 8.6 -0.3

6 11.5 12.1 -0.5

8 15.1 15.4 -0.3

10 18.2 19.0 -0.8

12 24.7 25.5 -0.8

15 26.5 26.9 -0.4

18 29.2 29.6 -0.4

TABLE V. MEASURED SHIFT OF THE EFFECTIVE POINT OF MEASUREMENT OF THE
PTW/MARKUS CHAMBER IN COMPARISON WITH THE PTW/ROOS CHAMBER BASED ON HALF
VALUE DEPTH

Energy
(MeV)

4

6

8

10

12

15

18

R$o (Markus)

(mm water)

16.0

22.5

30.2

36.4

47.6

56.9

66.9

/?/0 (Roos)

(mm water)

16.7

23.1

30.6

36.9

48.4

57.2

67.2

Shift
Markus - Roos

-0.7

-0.6

-0.4

-0.3

-0.8

-0.3

-0.4

TABLE VI. tf/0, DERIVED FROM AN IONIZATION CURVE MEASURED WITH A PLANE PARALLEL

IONIZATION CHAMBE

DIAMOND DETECTOR

IONIZATION CHAMBER AND R&, THE HALF VALUE DEPTH DETERMINED WITH A DIODE OR A

Energy (MeV)

4

6

8

10

12

15

18

(R&) diode

(mm water)

16.5

23.2

31.0

37.2

49.1

58.2

69.2

(Rw ) diamond

(mm water)

16.7

23.3

31.1

37.5

49.3

58.5

68.9
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The mean energy at phantom surface was calculated using the 2 polynomial expressions
(10.3a) and (10.3 b) in TRS-381 depending on the use of R$o from ionization measurements or
from a depth dose distribution. We obtained a difference up to 4% between the two calculated
values of the mean energy at phantom surface. However, the maximum difference found in
the s-ratios determined from these two values of the eman energy was only 0.4%, see Table
VII. In conclusion, the difference in the absorbed dose using s-ratios based on Eo(J) and
Eo(D) values is maximum 0.4%.

TABLE VII. INFLUENCE OF THE USE OF

DOSE MAXIMUM

AND R1^ ON THE STOPPING POWER RATIOS AT THE

Energy (MeV)

4

6

8

10

12

15

18

E{ (MeV)

4.02

5.37

7.05

8.41

10.93

13.12

15.55

Jw,air

1.0917

1.0837

1.0714

1.0677

1.0503

1.0291

1.0144

E» (MeV)

4.11

5.55

7.25

8.62

11.30

13.62

15.84

w,a/7"

1.0899

1.0790

1.0684

1.0644

1.0476

1.0247

1.0132

% difference

0.2

0.4

0.3

0.3

0.3

0.4

0.1

3. Determination of the hm factor for PMMA (1998)

Water is the preferred medium to determine the absorbed dose. However, for low energy
beams due to position uncertainties, some protocols often suggest the use of plastic phantoms.
Ideally, a plastic phantom should be water-equivalent i.e. should have the same linear
collision stopping power and linear scattering power as water. If the phantom is not water-
equivalent the ranges and depths must be scaled to the water equivalent depths. Besides, a
fluence correction factor converts the ionization measured in the plastic to the ionization in
water. This fluence correction factor is experimentally determined as the ratio of the measured
ionization in the water phantom to that in the plastic phantom at the corresponding reference
depth.

We have determined this factor for PMMA with the PTW/Markus and the PTW/Roos
plane parallel ionization chambers. Measurements were performed in a 14 cm x 14 cm field at
the depth of maximum dose in water and in PMMA using a fixed SSD The Markus chamber
is fitted with a 1 mm thick PMMA cap during the measurements in water. Temperature and
pressure were monitored throughout the measurements and the readings were converted to a
common temperature for both phantoms. The equivalent water depth in PMMA is calculated
with the scaling procedure of TRS-381. The reproducibility of the measurement conditions is
very important but is difficult for the lowest energies.

The results are presented in Fig. 1. The indicated uncertainty is equal to one standard
deviation on several measurements. Values of hm for the Markus chamber were obtained with
three different chambers, showing no significant chamber-to-chamber differences.
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1,03

1,02

0,98-

0,97

FIG. 1. Experimental hm factors compared to the values from the TRS-381 protocol.

It can be concluded that the values measured with the PTW/Roos ionization chamber
are in agreement with the protocol, except for the lower energies.

The values resulting from the measurements with the PTW/Markus chamber are up to
1.7% lower than the values of the protocol. These results show that we have to consider
perturbation effects in different phantom materials, and that these differences are dependent
on the type of the chamber. Measurements with three different Markus chambers revealed no
chamber to chamber variations.

4. Calibration of plane parallel ionization chambers

Since previous protocols for electron dosimetry did not include enough details for the
calibration procedures of plane parallel chambers, the TRS-381 Code of Practice was
published in 1997 as a complement and extension of TRS-277. It describes how to calibrate
therapeutic electron beams specifically with plane parallel chambers. Different options for
calibrating plane parallel chambers are also given.

4.1. Calibration against a cylindrical chamber in a high-energy electron beam

The TRS-381 Code of Practice is strongly recommending the calibration of a plane
parallel chamber in a high-energy electron beam against a reference ionization chamber with
known calibration factor. With this method, both chambers are alternatively positioned at the
reference depth in a phantom. The calibration factor for the plane parallel chamber is obtained
from equating the absorbed doses obtained with the two chambers.

The energy of the electron beam should be as high as possible to minimize the cavity
perturbation effect of the reference cylindrical chamber - />cav should be within 2% of unity.
For a Farmer type chamber with an internal radius of approximately 3 mm the mean energy at
the phantom surface should be higher than 15 MeV. In electron beams, the effective point of
measurement for a cylindrical chamber is taken at 0.55r (r = internal radius) from the center
towards the source.
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We have determined the A/o,air calibration factor of the PTW/Markus and the PTW/Roos
plane parallel ionization chambers in the electron beam with a nominal energy of 18 MeV.
The calibrations were performed with an NE2571 and a PTW-30001 cylindrical chamber in a
water phantom. The N^ calibration factors for these cylindrical chambers were determined at
the Standard Dosimetry Laboratory of the University of Ghent. The effective point of
measurement for the chambers was placed at the depth of maximum dose. The field size was
14 cm x 14 cm and SSD was 100 cm. The mean energy at the phantom surface was
15.8 MeV. This results in a/)cav for the cylindrical chamber of 0.977 [6].

For the Markus chamber a calibration factor Afo.air = 0.476 ± 0.003 cGy/reading was
obtained. The uncertainty is the standard deviation on different measurements. The calibration
factor determined in the electron beam of the Roos chamber was 0.0707 ± 0.0003cGy/reading.

4.2. Calibration in a 60Co beam free in air

4.2.1. The NK calibration factor

The air kerma calibrations were again performed in 60Co at the Standard Dosimetry
Laboratory of the University of Ghent. The calibration in-air method in a 60Co beam gives the
TV« calibration factor. The plane parallel chamber with appropriate build-up material is placed
free in air in a 60Co beam with its center positioned where Ka[r is known. The calculation of
Afo.air from NK requires the correction factors km km, since TVo.air is derived from the NK
calibration factor using the relation No = Me (1-g) kankm. Since the calibrations were
performed with the same set-up as for the JVK determination of the NE 2571 chamber in the
previous method, any differences in Mxair values for the plane parallel chambers are due to
inconsistent values of km km and pQ for the plane parallel and cylindrical ion chambers.

For the Markus chamber, km km = 0.985 when calibrated with 4.2 mm PMMA as build-
up (TRS-381). We obtained iVD>air = 0.480 ± 0.002 cGy/reading. Using km km = 0.993 for the
calibration with 0.54 g cm"2 graphite build-up as proposed in the protocol for electron
dosimetry published by the Netherlands Commission on Radiation Dosimetry, the TV̂ air factor
has the same value; this shows consistency in the kaU km values for this type of chamber.

4.2.2. Experimental determination ofkatt kmfor the PTW/Roos chamber

Knowing JVo.air for a certain chamber from the calibration in a high-energy electron
beam and knowing its in-air calibration factor JVK, the value of kaa km for this chamber could be
derived.

For the PTW/Roos chamber, this results in katt km = 0.974 when the chamber is
calibrated in the 60Co beam with an additional build-up of 4.2 mm PMMA and using a
PMMA insert piece in the back of the chamber. This value is in close agreement with the
value found by Nilsson and Johansson [5] (km km = 0.978), who also used the PMMA insert
(Nilsson, personal communication). Their km km value was experimentally determined with a
large plane parallel chamber simulating the walls of the Roos chamber.

4.3. Calibration in a 60Co beam in phantom

This calibration was performed in the Standard Dosimetry Laboratory of the University
of Ghent. When the plane parallel chamber is calibrated in a phantom in a 60Co beam, the
chamber is compared with an air-calibrated reference chamber with known Npf

air. The main
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uncertainty when using this method is the wall perturbation factor p™n . The absorbed dose to

water is determined with a cylindrical chamber NE 2571 with its center at 5 cm depth. The
data for the cylindrical chamber in the 60Co beam were calculated according to, or taken from,
TRS-381, including the effect of a 0.5 mm thick waterproofing sleeve. This results in a total
conversion factor CWQ = 1.088 in the overall expression for the absorbed dose determination

The center of the front surface of the plane parallel chamber cavity is positioned at 5 cm
depth in the water phantom, taking into account the water equivalent thickness of the front
window. The field size at the measuring point was 12 cm x 12 cm. The M âir calibration
factors of the PTW/Markus and the PTW/Roos plane parallel ionization chambers are
obtained by equating the absorbed doses for the two chambers. The correction factor p^all for

the plane parallel chambers must be known. Because this factor is introducing the major
source of uncertainty in this procedure, the electron beam method is recommended for the
calibration of plane parallel chambers. Following this procedure, an TVo.air calibration factor of
0.478 ± 0.003 cGy/reading is obtained for the Markus chamber which is in agreement with the
value determined in the electron beam. However, the ivb,air calibration factor obtained for the
Roos chamber equals 0.0719 ± 0.0002 cGy/reading and differs by 1.7% from the factor
obtained with the electron beam method. This indicates that the value of p™all

 = 1-003,
assumed in TRS-381 for the Roos chamber, is too low.

4.4. The ND,W calibration factor of plane parallel chambers

The ND.W.CO calibration factor for the plane parallel chambers was determined in a 60Co
beam against the absorbed dose to water standard of the Standard Dosimetry Laboratory of the
University of Ghent. The plane parallel chambers were calibrated against the average dose
response of three NE 2571 transfer chambers that were calibrated directly against the water
calorimeter. The design and performance of this water calorimeter have been described by
Seuntjens and Palmans [7].

For the Markus chamber, iVb,w,co was 0.5443 Gy/nC and for the Roos chamber Jvb,w,co
was 0.08139 Gy/nC. The response of the water calorimeter in the 60Co beam was 0.4% lower
than the dose to water measured with the NE 2571 ion chamber based on an air kerma
calibration factor and applying TRS-381, as described in the previous section. It should be
noticed that the Belgian absorbed dose to water standard is 0.55% lower than BIPM whereas
the air kerma standard is higher than BIPM by the same amount; these differences should be
takedsdn into account to interprete the difference between the two methods, based on #D,W and
JVic calibration factors.

This calibration method provides an in-water calibration factor N%*w from which the in-

air calibration factor could be derived through the relation N£p
w = N^air (̂ w,air)Q ^Q, with Q

being the user's beam quality. However, the 7VD,W calibration factor is intended to be used with
an 7VD,W based dosimetry formalism only, as described in Section 6 of TRS-381.

4.5. Calibration based on the Fricke dosimeter

If the absorbed dose to water can be determined in an electron beam with the Fricke
dosimeter, another method to calibrate an ionization chamber is introduced. It is possible to
derive the M),W,E factor for a chamber by equating the dose to water determined with the
Fricke dosimeter and with the plane parallel chamber using TRS-381.
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We determined the dose with the Fricke dosimeter in an 18 MeV electron beam.
Specifications of the cells and the Fricke dosimeter system are described later on. An eG value
of 351.5 x 10" m kg"1 Gy~ has been used, which is the value recommended by Svensson
and Brahme [8]. The value of sG that results from calibration against the water calorimeter of
the Standard Dosimetry Laboratory of Ghent is 350.3 x 10"6 m2 kg"1 Gy"1, which is 0.34%
lower. Ionometric and Fricke measurements were performed in water. The Â o.air factors of the
PTW/Markus and the PTW/Roos plane parallel chambers calculated using the relationship
A-ricke = M),W,E x ^PV a r e in agreement with those obtained in a high-energy electron beam
comparing against a reference ionization chamber with a known calibration factor.

Table VIII summarizes the results for the Afo.air factors of the PTW/Markus and the
PTW/Roos plane parallel chambers.

Agreement within 0.5% was obtained between the M),air factors of the Markus chamber.

Fricke measurements in the 18 MeV beam confirm the results for the calibration factors
of both plane parallel chambers, the Markus and the Roos, based on the comparison with a
Farmer chamber in an electron beam.

For the Roos chamber, the iVcair cannot be derived from N& because of lack of the kattkm

value in the TRS-381 protocol. A discrepancy of 1.7% is found between the Afo.air factor of the
PTW/Roos chamber when calibrated in water in a 60Co beam and the ND^r determined in an
electron beam. This difference is focusing on the uncertainty in the wall perturbation factor
Avail for this type of chamber in a 60Co beam.

TABLE VIII. /VD.ai, VALUES FOR THE PTW/MARKUS AND THE PTW/ROOS IONIZATION CHAMBERS
DETERMINED FOLLOWING DIFFERENT METHODS SPECIFIED IN THE TRS-381 PROTOCOL

PTW/Markus PTW/Roos

/VD.air derived from NK 0.480(0.002)

yVDairdetermined in an electron beam against a cylindrical chamber 0.476 (0.003) 0.0707 (0.003)

NDm determined in a water phantom in 60Co 0.478 (0.003) 0.0719 (0.0002)

ND3IT derived from Fricke measurements in water in the 18 MeV 0.471 (0.003) 0.0705 (0.0003)
electron beam

5. Absolute dosimetry in PMMA with plane parallel chambers compared with Fricke
dosimetry

We have determined the absorbed dose to water from measurements in a PMMA
phantom with the Markus and the Roos chamber in the electron beams of a Philips SL18
accelerator. Ionometry was performed following the specifications of the TRS-381 Code of
Practice and compared with the dose values obtained with an independent dosimetry system,
the Fricke dosimeter.

The measurements were performed in a PMMA slab phantom at the reference depth,
which was for these beams the depth of maximum dose. The field size was 10 cm * 10 cm.
The recombination correction factor for the Markus chamber was less than 0.5%. The polarity
correction factor was less than 1%. The Roos chamber showed a negligible polarity effect
(<0.2%) and the recombination correction was less than 0.5%.
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The ferrous sulphate cells, made of PMMA, were cylindrical in shape with outer
diameter 40 mm, inner diameter 35 mm and total thickness 4 mm. The irradiation was carried
out with the cell axis parallel to the beam axis. The mean absorbed dose to the dosimeter
solution is deducted from a spectrophotometric measurement of the difference in absorbance
between the irradiated and the unirradiated solution. The technique is described in the ICRU
Report No. 35 [3]. For all electron beams, an sG value of 351.5 x l(T6 m2 kg""1 Gy"1 was used.
The dose to the ferrous sulfate solution was converted to the dose to water using a constant
mass stopping power ratio .syFricke = 1.004 (ICRU 35).

The ionometric dose values are calculated following the procedures and correction
factors of the TRS-381 Code of Practice. The JVD,air calibration factor was based on the
calibration of the chamber in the high-energy electron beam. Similar experiments were
performed with the PTW/Roos chamber.

Figures 2 and 3 give the ratio of the dose to water determined with the plane parallel
ionization chambers to the dose determined with the Fricke dosimeter. The indicated
uncertainties for the Fricke measurements, and they correspond to one standard deviation,
obtained between repeated readings of the absorbance of the irradiated solution.

The results reveal good agreement, within the experimental uncertainty, between the
dose values obtained ionometrically using the TRS-381 Code of Practice, and the Fricke
values.
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FIG 2. Ratios of the absorbed dose to water in electron beams, determined in a PMMA phantom, obtained with
a PTW/Markus chamber (based on TRS-381 [1]) and with Fricke dosimetry.
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FIG 3. Ratios of the absorbed dose do water in electron beams, determined in a PMMA phantom, obtained with
a PTW/Roos chamber (based on TRS-38I [I]) and with Fricke dosimetry.

6. Conclusions

For relative dosimetry, agreement within the statistical uncertainty was obtained in the
present work between the values for i?ioo> -̂ 50 and Rp using a diode, a diamond and plane
parallel chambers. '

Due to cavity properties and the small guard ring, the effective point of measurement of
the Markus chamber is shifted towards the center of the air volume. This shift of 0.5 mm was
determined by comparison of the depth-ionization distributions measured with the Markus and
the Roos chambers.

It is recommended to use a water phantom to determine the absorbed dose in an electron
beam to minimize uncertainties, which are present when using a plastic phantom. These
uncertainties arise from depth scaling, charge storage problems and the fluence ratios which
are expressed through the hm factors. These factors were determined for PMMA with the Roos
and the Markus chamber, and the values obtained with the Roos chamber are in agreement
with the protocol, except at the lower energies (Ez<3 MeV). Regarding the results of the
Markus chamber, hm is 1—1.5% lower than the recommended values. These results show the
dependence of the fluence correction factor on the type of chamber which is used for its
determination.2

For the calibration of a plane parallel chamber and the determination of Mxair, TRS-3 81
strongly recommends the use of the method that is based on a comparison with a cylindrical
chamber in a high-energy electron beam performed in a water phantom.

Note added by reviewers. The results may, however, depend on the type of diode, as differences in ranges of up to 1 mm
have been reported in the literature.
Note added by reviewers. It should be noticed that the experimental conditions to determine hm in this work are different
from the settings adapted after a meeting in 1998, which have been used in all the other contributions of this report.
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The agreement between the -/Vo,air factors determined with different methods was within
0.5% for the Markus chamber. On the other hand, a discrepancy of 1.7% was found between
the TVôair factor of the Roos chamber when calibrated in water in a Co beam and that
determined in an electron beam. Fricke measurements in water confirm the electron method
for calibration of both chambers.

Dose values determined in PMMA with Fricke and with plane parallel chambers
following the procedures and recommendations of the TRS-381 protocol agree within 1%.
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