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SCIENTIFIC BACKGROUND

In 1987, the IAEA published a report entitled
"Absorbed Dose Determination in Photon and
Electron Beams: An International Code of Practice"
(IAEA Technical Reports Series No. 277) to advise
users how to obtain the absorbed dose in water from
the measurements made with an ionization chamber,
calibrated in terms of air kerma. For high-energy
photons (energies above 1 MeV) the chamber
calibration was at a single photon quality (Cobalt-60
gamma rays). The Code of Practice described
procedures and provided data to use such ionization
chambers to obtain absorbed dose for higher energy
photons and also for electron beams. It was so
designed that a variety of cylindrical chambers
could be used, which represented the existing
conditions world-wide. However, most national and
international dosimetry protocols recognized the
advantages of plane-parallel ionization chambers,
explicitly for electron beams and especially low-
energy electron beams (below 10 MeV). Although
this was acknowledged in TRS-277, the calibration
and use of these chambers were not fully developed.

Since the publication of TRS-277 in 1987, various
recommendations for the specific procedures for the
use of plane-parallel ionization chambers have been
published. Additional knowledge about the use of
cylindrical chambers has also appeared.
Accordingly, the IAEA formed an international
working group that prepared a new Code of Practice
for the calibration and use of plane-parallel
ionization chambers. The new Code of Practice was
published in 1997 as IAEA TRS-381, which
complements and extends IAEA TRS-277. It

describes options on how to calibrate plane-parallel
chambers against air-kerma or absorbed dose to
water standards at Cobalt-60 gamma ray energies, in
order to obtain ND,air, the absorbed-dose-to-air
chamber factor, or ND,W, the chamber absorbed dose
calibration factor, respectively. The procedure for
the use of these chambers to calibrate therapeutic
electron beams, as well as relative dose
measurements for photon and electron beams, is
presented. It also updates some of the data and
concepts in TRS-277.

SCIENTIFIC SCOPE

The scientific scope of the Co-ordinated Research
Project is to investigate the accuracy of the new data
and procedures included in the Code of Practice
IAEA TRS-381. Differences with existing
recommendations, published by national
organizations, are to be evaluated to analyze the
possible impact on patient dosimetry. The second
Research Co-ordination Meeting (RCM) was
organized to revise the activities in the Co-ordinated
Research Project (CRP) and the status of the various
projects.

The status of the on-going work under the frame of
the CRP was presented by the participants in the
RCM during the first two days and each
contribution discussed in detail. During the
following days, plans were made on the work left
for each participant to complete the project and the
feasibility of preparing a report describing in detail
the work done in the project.

Results of the project are scheduled for presentation
in the ESTRO-Physics conference in Gottingen,
Germany in 1999.



MAIN POINTS DISCUSSED

The main points discussed during the meeting were:

• review of work done since the last RCM in
December 1996 (Vienna),

• comparisons with dosimetry protocols recently
issued by different national organizations
(AAPM TG-39, USA; IPEMB, UK; DIN,
Germany) using different types of plane-parallel
ionization chambers and phantom materials,

• investigation on the performance of various
commercial plane-parallel ionization chambers
from the point of view of saturation, polarity
effect, and effective point of measurement,

• comparison of the three methods recommended
in TRS-381 for the calibration of plane-parallel
ionization chambers in terms of No,air using
electron and Co-60 radiation beams in different
phantom materials,

• investigation of the data for converting electron
fluence from plastic to water, compiling data
measured by all participants for PMMA,

• investigation of the accuracy of the data and
procedures included in the Code of Practice,
comparing absorbed dose to water determined
under reference conditions with that obtained
from absolute methods (Fricke),

• investigation of the fluence perturbation
correction factors for cylindrical ionization
chambers in electron beams, as these are used as
reference detectors for the calibration of plane-
parallel ionization chambers.

RESULTS OF THE PROJECT

As a result of the presentations and subsequent
discussions, the following points are considered to
have the maximum relevance for the project.

FRICKE DOSIMETRY

The use of Fricke dosimetry had been discussed as
the only possible way to resolve the large
discrepancy between IAEA TRS-381 and AAPM
TG-39 when measurements are performed in plastic

phantoms. In water the differences are
approximately within 1%. For PMMA the
discrepancy is worse at an energy of approximately
10-12 MeV, and has therefore a possible large
impact in clinical dosimetry.

A first set of Fricke data has become available from
one of the participants (AVdP, Belgium), where all
measurements had been made in plastic, which are
shown in figure 1.

It is still necessary:

a) to perform Fricke measurements where the
quantity Dw is measured directly in a water
phantom, and

b) to compare it with Dw obtained from ionization
chamber measurements in plastic according to
TRS-381 (i.e. with scaling of depths and fluence
conversion).

It is agreed that participants performing Fricke
dosimetry should use a Co-60 beam as reference for
both Fricke and for a cylindrical ionization chamber,
with all measurements performed in water.
Measurements with the same Fricke solution should
then be compared with a plane-parallel chamber and
a cylindrical ion chamber in a high energy electron
beam. Then, measurements at low energy electrons
can be performed.
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Fig. 1. A comparison of the IAEA TRS-381
Code of Practice for plane-parallel ionization
chambers using two different ion chambers
with a dose determination using Fricke
dosimetry. All measurements made in PMMA



SCALING PLASTIC MEASUREMENTS TO
WATER

Several participants have measured carefully the
factor hm to convert electron fluence from PMMA to
water, as a function of the mean electron energy at
depth. A compilation of the data obtained using
different ionization chambers, mainly of the plane-
parallel type, is presented in figures 2 (a-c). It can be
observed that the agreement with the data presented
in TRS-381 Table XVIII, adopted from reference [6]
in the Code of Practice, is by no means clear. The
following issues can be raised:

The very large scatter of data at low electron
energies, which has not been shown before in
related publications, clearly indicates the great
difficulty to perform this type of measurements in a
clinical environment (as in all previous publications
in the topic).

A dependence on the type of plane-parallel
ionization chamber used, or even on chamber to
chamber variations, seems to be possible although it
has been ignored so far.

The importance of this topic is so large that it is felt
it still deserves further investigation. For this
purpose common measurement conditions are
agreed: use constant SCD if possible, 15x15 cm
field size, no electron cones, external monitor
placed in the lowest position in the treatment head,
avoid use of scaling rules and do measurements at
Zmax in each medium, perform water/PMMA/water
or PMMA/water/PMMA triple measurements at
each energy during the same session, use fpj for
water and plastic, perform a minimum of three
independent measurements for each data point. All
participants will perform a new set of measurements
before July 1998. The difficulties in performing this
type of measurements is interpreted as a
demonstration of how any measurement in plastic
will have an increased uncertainty solely due to this
conversion factor.
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Fig 2 (a-c). A compilation of the data measured
for the factor hm to convert electron fluence from
PMMA to water, as a function of the mean
electron energy at depth using different ionization
chambers, mainly of the plane-parallel type



DETERMINATION OF THE NDAa FACTOR
USING THE METHODS RECOMMENDED IN
TRS-381

With regard to the determination of the No,air factor
of plane-parallel ionization chambers, excellent
agreement was obtained for all ionization chambers
when measurements are performed in electron

beams, even of different energies and properties
(different clinical accelerators). However, when
measurements are made in a Co-60 beam, the No.air
factor for some of the plane-parallel chambers has
been different from that obtained in electron beams.
This cannot be excluded in the case of the PTW
Roos ionization chamber, see Table I.

Table I. Overall comparison of the A^air factor of plane-parallel ionization chambers in electron and Co beams in
water and PMMA

Ion chamber: NACP PTW-Markus PTW-Roos

BEL
(Fricke measurements
confirm electron results)

ARG

SPA

all data agree within 0.5%

all data agree within 0.3%

all data agree within 0.1 % all data agree within 0.5%

60Co data in water
differ by up to 1.7%

(NCS-protocol used for
requires recalculation)
60Co data in water
differ by up to 2%
(two different cyl ref
chambers confirm data)
60Co data in PMMA
differ by up to 2.8%

The discrepancies in NDt(lir factors were discussed in
depth although no clear conclusion could be
reached. The need for additional measurements,
especially with the PTW-Roos ionization chamber,
was emphasized and most participants will increase
the number of data available to allow a more
comprehensive analysis.

EFFECTIVE POINT OF MEASUREMENT

It has been confirmed by measurements performed
by two participants that the effective point of
measurement of the PTW-Markus plane-parallel
ionization chamber is not in the front of the air
cavity but approximately 0.5 mm below.

FLUENCE PERTURBATION CORRECTION
FACTORS FOR CYLINDRICAL ION
CHAMBERS

cavity diameters of the two set of chambers are
similar (new diameters equal to 2, 4, 7, and 8 mm
versus 3, 5, and 7 mm respectively). Measurements
have now been carried out in water. Preliminary
results show that for a mean energy at depth of
about 6 MeV and the largest chamber, 7 mm
diameter and therefore similar to a Farmer-type, a
difference in pcav close to 1% has been found
between the two types of chambers. This points at
the need for further investigations related to
wall/phantom and other possible interface effects
(sleeve, air) of cylindrical ion chambers in electron
beams.

Status reports from the participants are given in the
following pages. Extended abstracts of the
presentations are available from the Scientific
Secretary.

The correction factors pcav in TRS-277 and TRS-
381, which have been taken from Johansson et al
(1978), have been confirmed within better than
0.5% using the same set of ionization chambers and
phantom material (PMMA) as used in the original
work. A new set of chambers has been built, with
graphite walls instead of PMMA walls with dag (a
thin lining of graphite and epoxy resin). The air



STATUS REPORT FROM ARGENTINA:
IMPLEMENTATION OF THE NEW IAEA
CODE OF PRACTICE FOR DOSE
DETERMINATION WITH PLANE-
PARALLEL IONIZATION CHAMBERS IN
THERAPEUTIC ELECTRON AND PHOTON
BEAMS

CALIBRATION OF A PLANE-PARALLEL
IONIZATION CHAMBER PTW 34001 (ROOS) VS
A CYLINDRICAL CHAMBER.

Brunetto M.(FaMAF (UNC) - Centro M6dico Dean
Funes), Germanier A. (CEPROCOR, V61ez
G.(FaMAF (UNC) - Hospital San Roque).

The N™air calibration factor for the Roos chamber

was determined following the methods
recommended by the TRS-381 protocol:
water and electron-beam methods.

60,Co in

60,Co in water

The NpP
air calibration factor was determined in 60,'Co

beam, using two different cylindrical chambers as
reference: NE-2571 and Capintec PR06G.

The effective points of measurement of the
(cylindrical) reference chamber and the plane-
parallel chamber were placed at the same depth: this
point is 0.6r in front of the geometrical centre for
the cylindrical chamber and at the center of the front
surface of the air cavity for the pp-chamber. The
effect of the PMMA waterproofing sleeve for the
pp-chamber was corrected according to the ratio of
the electron densities between water and PMMA.

The difference between the values of N^p
air obtained

was about 0.4% independent of the reference
chamber employed.

Electron- beam method

Measurements were performed in a water phantom.
Two independent determinations of N^ajr factor for

the Roos chamber were done (November, 1997 and
February, 1998) at the highest electron energy of the
linear accelerator (Varian Clinac 18). In both cases
the reference conditions were the same, and they are
shown in the next Table.

Electron Beam

Nominal Energy (MeV)

Eo (MeV)

SSD(cm)

Field Size (cmxcm)

Depth (cm)

18

17.5

100

15x15

2.5

A Farmer-type ionisation chamber NE-2571 was
used as an external reference monitor detector and
was positioned within the phantom close to the
chambers.

The difference between the values of N^p
air obtained

was 1%.

The difference between the N^p
air values obtained

using the Co-60 and the electron beam methods was
2%, indicating the need for more measurements and
investigations for the Roos chamber.

COMPARISON OF ABSORBED DOSE VALUES
OBTAINED WITH DIFFERENT IONIZATION
CHAMBERS: PTW 34001 (ROOS), PTW23343
(MARKUS) AND NE 2571.

Determinations of the absorbed dose to water in
electron beams were performed using three
ionization chambers: a cylindrical NE-2571, with a
calibration factor NK given by a SSDL, and two
plane-parallel chambers PTW 34001 (Roos) and
PTW 23343 (Markus). Both pp-chambers were
calibrated against the cylindrical chamber following
the procedures and correction factors of the TRS-
381 Code of Practice.

The absorbed dose values were determined in the
electron beam of a Varian Clinac 18 accelerator, at
SSD=100cm, and field size =15cmxl5cm. The
measurements were performed in water, at
z=12.5 mm for the 6 MeV (nominal energy) electron
beam, and z=24.5 mm for the 9, 12, 15 and 18 MeV
(nominal energies) electron beams. These depths
correspond to the position of maximum dose.

The results showed good agreement (within 1%) in
the values of the absorbed dose obtained using the
different chambers at high energies. The biggest
differences were found at low energies (for



example, 2.8% between Markus chamber and Roos
chamber at 9MeV). The values obtained using the
NE-2571 ionization chamber at low energies were
included only as a comparison, since its use is not
recommended at low energies.

EXPERIMENTAL DETERMINATION OF HM IN
PMMA

The values of hm were obtained as the ratio of the
average readings at the reference depth in a water
phantom ( zref,w ) to the average readings at the
equivalent reference depth in a PMMA phantom
(Zre/,PMMA), using two pp-chambers PTW 34001-Roos
and PTW 23343-Markus. An external monitor
detector was positioned in air to normalize the
readings both in water and PMMA.

The results are presented in the table below. The
measured values of hm are in good agreement with

the values given in TRS-381 (better than 0.6%,
which is within the experimental uncertainty),
except one value for the Markus chamber at 4.6
MeV, probably due to an error in the experimental
set-up.

Experimental determination othm
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1.02 • >

1.015 ••
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1.005-
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0.995 -

• lim(RooS)

A hnVMarkus)

hm< TRS-381)

t-nom

6

6

9

12

12

15

15

18

E2

2.81

3.07

3.09

4.60

5.39

7.00

7.79

11.62

hm

TRS-381

1.008

1.008

1.008

1.008

1.007

1.006

1.005

1.003

hm
PTW-Markus

1.010

1.003

1.014

1.020

1.009

1.012

1.006

0.998

%dif

0.2

-0.5

0.6

1.2

0.2

0.4

0.1

-0.5

hm

PTW-Roos

1.014

1.011

1.012

1.014

1.011

1.010

1.008

1.004

%dif

0.6

0.3

0.4

0.6

0.4

0.4

0.3

0.1

STATUS REPORT FROM BELGIUM:
ANALYSIS OF THE TRS-381 CODE OF
PRACTICE - VERIFICATION OF THE
ABSORBED DOSE VALUES DETERMINED
WITH PLANE-PARALLEL IONISATION
CHAMBERS IN THERAPEUTIC
ELECTRON BEAMS USING FERROUS
SULPHATE DOSIMETRY

Ann Van der Plaetsen, A.Z Sint Lucas Hospital,
Ghent; H. Palmans, H, Thierens, Standard
Dosimetry Laboratory, University Ghent

RELATIVE DOSE MEASUREMENTS

ionisation chamber. Values obtained for Rioo, R50
and Rp are in agreement within the statistical
uncertainty with the results obtained previously
with a PTW/Markus chamber or with diodes or a
diamond detector.

Comparison of the values for Rioo and R50
determined with the Markus chamber with those
determined with the Roos chamber revealed a shift
of the effective point of measurement for the
Markus chamber of 0.5 mm from the front of the
chamber towards its centre.

EXPERIMENTAL DETERMINATION OF THE
FLUENCE CORRECTION FACTOR HM

Relative dose parameters were determined in a
water phantom using a PTW/Roos plane-parallel

When the absorbed dose is determined in a
PMMA phantom instead of a water phantom, the



hm factor corrects for the difference in the fluence.
The first set of measurements resulted in values
different from those proposed in the TRS-381
protocol. We continued this study for a PMMA
phantom using the PTW/Markus and the
PTW/Roos chambers.

The hm factors obtained with the Roos chamber are
in agreement with those from the TRS-381
protocol except at low energies. All hm correction
factors obtained with the Markus chamber are

lower than those proposed by the protocol, up to
1.8% for the lowest energy. The results are
presented in the next table. The uncertainties on
the different measurements are given at the level
of 1 SD (i.e., k=l). More measurements need to be
performed, especially with another Markus
chamber to see if the hm factor is chamber
dependent.

Enom

4

6

8

10

12

15

18

E2

2.01

2.73

3.45

4.12

5.76

7.34

8.8

TRS-381

1.009

1.008

1.008

1.008

1.007

1.006

1.004

hm
PTW-Markus

0.991

0.993

0.993

0.993

0.996

0.995

0.996

SD

0.003

0.0003

0.001

0.001

0.0003

0.0004

0.0004

%dif

1.8

1.5

1.5

1.5

1.2

1.1

0.8

hm

PTW-Roos

0.995

1.002

1.006

1.006

1.007

1.007

1.005

SD

0.003

0.002

0.002

0.002

0.001

0.002

0.003

%dif

-1.4

-0.7

-0.2

-0.2

0

0.09

0.08

DETERMINATION OF THE ND,AIR

CALIBRATION FACTORS FOR THE
PTW/ROOS AND THE PTW/MARKUS PLANE
PARALLEL CHAMBERS.

We compared the ND,air calibration factors obtained
following the different methods described in the
TRS-381 protocol. The results are summarised in
the next table. The stated uncertainties are for k=l,
representing the statistical uncertainties for
different measurements.

The measurement conditions for No.air determined
in a water phantom for 60Co (Standard Dosimetry
Laboratory) were as follows:

• reference depth: centre of the cylindrical
reference chamber at 5 cm, centre of the front
of the plane-parallel chamber at 5 cm,

• SSD = 70cm,

• determination relative to absorbed dose to
water secondary standard

The measurement conditions for ND,air determined
in an electron beam against a cylindrical chamber
were as follows:

• reference depth : depth of maximum dose (3
cm),

• SSD=100cm

• cylindrical chambers: PTW 30001, NE-2571

measurements performed in water and in PMMA.

Markus Roos

N D a i r derived fom NK

ND,air determined in an electron beam against a cylindrical chamber

ND a i rdetermined in a water phantom in 60Co

Np,air derived from the Fricke measurement in the 18 MeV electron beam

0.480 (0.002)

0.476 (0.003)

0.478 (0.003)

0.471 (0.003)

0.071 (0.003)

0.0707 (0.003)

0.0719(0.0002)

0.0705 (0.0003)
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The ND>air derived fom NK compared to the
calibration factor determined in the electron beam is
in agreement within 1%.

The deviation between the ND,air determined in the
electron beam and the ND,air determined in a water
phantom in a Co-60 beam points that the value for
pwau of the plane-parallel chamber needs to be
reconsidered.

COMPARISON OF THE IONOMETRICALLY
DETERMINED ABSORBED DOSE FOLLOWING
THE TRS-381 PROTOCOL WITH THE DOSE
VALUES OBTAINED WITH THE FRICKE
DOSIMETER

These measurements were performed in a PMMA
phantom. The field size and the SSD were
lOcmxlOcm and 100 cm, respectively.

Following the TRS-381 protocol rigorously, we
obtained an agreement within 1 % between the
Fricke dose value and those determined with the
PTW/Roos and the PTW/Markus chambers. Using
the experimentally determined value of the hm

correction factor for PMMA introduced a deviation
of more than 2 %. We can therefore conclude that
these measurements should be performed in water to
exclude the effect of PMMA.

STATUS REPORT FROM GERMANY:
INVESTIGATION OF THE ACCURACY OF
PROCEDURES AND DATA IN IAEA TRS-381

Dr. Martin Roos (PTB)

The accuracy which is achievable with the new
procedures and data of TRS-381 depends strongly
on the performance characteristics of the plane-
parallel ionization chambers available. The present
investigations include the dependence of the
response on the polarity (polarity effect) and on the
absolute value of the polarizing voltage (correlated
with the saturation correction) of commercial plane-
parallel chambers.

The polarity effect of various chambers has been
checked, including its dependence on the depth and
the field size. It has been shown that, in general, it is
not sufficient to relate the polarity effect exclusively
to the mean energy at the depth of measurement. If
the polarity effect is not negligible, it must be
determined for all sets of irradiation parameters. In
this case it is particularly important that the

stabilization times after reversing the polarity
are short. It has been shown that these times
extend from a few minutes up to about half an
hour for dose rates of a few Gy/min, which are
usual for clinical accelerators.

Due to the long stabilization times for most of
the plane-parallel chambers after a change in
the absolute value of the polarizing voltage, the
experimental procedures for the determination
of the saturation correction are also very time
consuming. It has been demonstrated that,
depending on the stabilization time and on the
inherent drifts of the accelerator/monitor/
dosimeter under test system, the uncertainty of
the correction may be comparable with its
magnitude. In this case the analytical
expression by Boag for conventional beams
(ICRU Report 34 (1982)), included in TRS-
381, allows a convenient evaluation of the
saturation correction factor. This expression,
which so far had been the only one available,
takes only volume recombination into account,
which is the main source of recombination.

The saturation behaviour of plane-parallel
chambers has now been investigated in detail
and a formula based on the experimental data
has been deduced which takes account of the
initial recombination and the diffusion loss.
The correction factor can be determined from
the electrode spacing d, the polarizing voltage
U, and the dose per pulse Dt, for chambers

with an electrode spacing of about 2mm
(applicable to most of the commercially
available chambers) according to:

.12 + 0 . 4 6 d 2 D i ) / U

Figure below shows experimental results of the
charge deficit as a function of the pulse charge
density for an electrode spacing of 2mm and a
polarizing voltage of 100V. The solid line and
the dotted line represent the new formula and
the Boag expression, respectively. The
difference between the Boag expression and the
new formula is mainly caused by the initial
recombination and by the more accurate
estimation of the free electron component in the
new expression. Since, in practice, the
saturation correction for conventional beams is
usually below 1%, the deviations of the Boag

11



formula, which are of the order of 0.1%, are not too
important for practical dosimetry.

It has to be emphasized that both formulas apply to
plane-parallel chambers exclusively, i.e. for
chambers with a plane-parallel arrangement of the
electrodes. In the case of the PTW-Markus chamber,
however, most of the high-voltage electrode is
perpendicular to the collecting electrode, increasing
the recombination in comparison with a plane-
parallel arrangement of the electrodes. This has been
demonstrated by calculations using the finite
elements method.

Furthermore, the position of the effective point of
measurement of the PTW-Markus chamber has been
investigated in detail. Measurements at the PTB
linac show that the peculiar cavity properties and the
negligible guard-ring width (both deviating from the
desirable properties given in TRS-381) result in a
shift of the effective point of measurement by about
0.5-0.6mm (depending on the energy and on the
depth) from the front surface of the air volume
towards the chamber centre in the descending part
of the depth-dose distributions. Even in the vicinity
of R.85, neglecting this effect may cause dose
deviations of various percent at low energies.

1 .O

1.0

0.5

charge

n n

ieficit

100 V
2 mm

**•*. Volume recombination
ICRU REPORT 34 (1982)

""0.0 0.5 1.0 1.5 iO-6C/m3

pulse charge density

The dependence of the chamber response on the
polarity and on the absolute value of the polarizing
voltage for commercial chambers has been studied
in detail. It has been shown that almost all chambers
show a strong curvature of the 1/M over 1/V
relation, particularly at high voltages. In addition, it
has been shown that the polarity effect shows a
strong dependence on the absolute value of the
polarizing voltage for most chambers. Examples of
severe chamber-to-chamber variations of all these
properties have been given.

The selection of the stopping power ratios based on
the half-value depth and the depth of measurement,
as described in TRS-277 and TRS-381, and the
selection according to the new DIN standard 6800-2,
which also considers the practical range, have been
compared with the Monte-Carlo results by Ding et

12

al. (Med. Phys. 22, 1995) for various clinical
accelerators. According to them, the DIN
method results in a slight improvement in the
selection of the stopping power ratios. In beams
containing a large component of contaminating
photons, the results may be further improved if
this is properly taken into account.

hi addition, the stopping power ratios according
to TRS-381 have been compared with those
according to DIN 6800-2 for the beams of the
PTB linac. Apart from the selection procedures,
additional slight deviations are caused by
different fit polynomials to the energy-range
relationship tables of TRS-277. The maximum
deviation between the two values of the
stopping power ratios according to the two
procedures is, however, not larger than 0.6%.

In order to draw definite conclusions,
experimental results (e.g. using Fricke
dosimeters) from different clinical accelerators
would be extremely valuable. The most
comprehensive set of data is still constituted by
the investigations of the energy-dependence of
the response of the plane-parallel chambers at
different types of clinical accelerators by
Johansson and Svensson in 1981 (Johansson,
Thesis, Univ. of Gothenburg, 1982). Since that
time, however, various new accelerator types
have entered the market.

STATUS REPORT FROM SPAIN:
ELECTRON BEAM DOSIMETRY,
CALIBRATION AND USE OF PLANE-
PARALLEL IONIZATION CHAMBERS
FOLLOWING THE IAEA TRS-381
RECOMMENDATIONS AND OTHER
PROTOCOLS

Lizuain M.C., Linero D., Pic6n C , S&nchez P.
Institut Catala d'Oncologia, Barcelona

INTRODUCTION

The goal of the project is to study the different
factors related to the determination of absorbed
dose to water using the plane-parallel chamber
Roos (PTW) in comparison to NACP 02. This
project is continuation of the work presented in
the First Research Coordinated Meeting (RCM)
for the Co-ordinated Research Project(CRP) on
Dose determination with plane-parallel
ionization chambers in therapeutic electron
and photon beams.



Previously we had investigated the difference
between the absorbed dose determined with Markus
and NACP pp-chambers in water and PMMA
phantoms, following the formalism of TRS-381,
TRS-277 and TG-39 protocols. A significant
difference (up to 3%) was found between TG-39
and TRS-381 when measurements were made in
PMMA phantoms.

All the measurements were performed at two linear
accelerators: VARIAN Clinac 18 and Clinac 2100
C. A Theratron 780 Cobalt unit was also used. The
measurement conditions are given in the following
table.

Nominal energy E,, (MeV)

Mean energy at surface

E (MeV)

Reference depth (zeff) Depth

4 - 1 8

3.5 -17

of maximum absorbed

dose

Mean energy at depth zeff 1.9 - 12.5

E, (MeV)

SSD (cm) 100

Reference chamber NE-2571 (cylindrical chamber)

Phantom material Water and PMMA

Monitor chamber NE-2571 (cylindrical chamber)

Dose / pulse (mGy/p) — 0.45 - 0.97

DETERMINATION OF N^ FOR A ROOS

PLANE-PARALLEL IONIZATION CHAMBER

The determination of this factor has been made in
electron beams, using water and PMMA phantoms,
following the method recommended in TRS-381.
The measurements were performed at two linear
accelerators, using the highest energy available at
each , with four determinations at each energy. No
significant difference was found between thew^,

values obtained for the two electron beams and for
the different phantom materials (0.3%, k= 1).

Three more determinations were made in a Co-60
beam with PMMA phantom at 5 cm depth. For this
case, the N^ factor was 2.8% higher than the value

determined in electron beams. One of the reasons
for this discrepancy could be the effect of the
perturbation factor ppJM for the Roos chamber in

PMMA phantoms for the cobalt beam, which was
assumed equal to 1 for the present measurements.

DETERMINATION OF RECOMBINATION
AND POLARITY CORRECTION FACTORS
FOR ROOS AND NACP PLANE-PARALLEL
CHAMBERS

The determination of the recombination
correction factor ps for the pp-chambers has
been made using the "two voltage" method and
the polynomial fit given in TRS-277.
Measurements have been performed in electron
beams under the conditions given in the table
above. In all cases, one external monitor
chamber (NE-2571) was used. The polarising
voltages used were -300, +300 and -100 V.

The values presented are the average values
obtained from the measurements in water and
PMMA phantoms, using dose/pulse between
0.45 and 0.97 mGy.
The polarity effect of the Roos chamber is
negligible (p,** =1.0001 ± 0.02% ) and the
calculated saturation (99.2 % -99.7%) agrees
well with the value given by the manufacturer:
99.5% for pulsed radiation with dose/pulse up
to 0.15 mGy. The influence of the two effects is
slightly more important in the case of a NACP
chamber.

ELECTRON BEAM QUALITY
SPECIFICATION WITH ROOS AND NACP
CHAMBERS

The energy parameters that specify the quality
of an electron beam have been determined from
the depth ionization curve measured in water
phantom with Roos and NACP chambers under
the conditions given in the table above and with
a radiation field of 25x25 cm2. No correction
for polarity and saturation effects was applied.
The effective point of measurement was taken
into account. Eo and E 0 were calculated

from the ranges R?so and Rp using the empirical
relationships recommended in TRS-381 and
TRS-277. The determined values of the ranges
RDioo , RJ5o and Rp , and the energy parameters
En, E „ from the measurements made with the

two pp-chambers are presented. The shift
between the two depth ionisation curves was
0.4 - 1.1 mm depending on the beam energy.

ABSORBED DOSE TO WATER

Absorbed dose to water, under the reference
conditions given in the table above, has been
determined using the four combinations of
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NACP and Roos chambers in PMMA and water
phantoms in electron beams of mean energy £ 0

from 3.5 to 17 MeV. This was done according to
TRS-381 recommendations. The dispersion (1 SD)
in relation to the mean value of the 4 set of
determinations varied between 0.5 and 1.0%.

TG-39 protocols from the measurements in
water and PMMA phantoms using a Roos
chamber was calculated for various mean
energies. Results of this determination are
given in Figures 8.2 and 8.3, together with the
values obtained in the previous part of this
work for the NACP, Markus and NE-2571
chambers.

EVALUATION OF THE FLUENCE
CORRECTION FACTOR: HM

The measurements have been performed with two
plane-parallel ionization chambers, NACP and Ross,
under the conditions given in the table above. The
discrepancy between hm in TRS-381 and the ratio
Dwaier/DpMMA was about 1% for the two chambers.
Due to the difficulty of reproducing the
measurement conditions for water phantom and
PMMA phantom, this difference is consistent with
the experimental uncertainty obtainable under
clinical conditions.
A second group of determinations of hm factor was
performed in May 1998, just after the RCM. The
measurement conditions were those agreed upon:
SCD 100 cm, 15x15 cm2 field, no electron cones
and external monitor chamber placed close to the
photon jaws. The results obtained are presented in
Figure 8.1 The measured values of hm are always
lower than the hm in TRS-381 with an average
difference of about 0.5 %; however, the discrepancy
increases with the energy.

Fluence correction factor hm vs. Ez
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Fig. 8.1. -Factor hm to convert fluence from PMMA to
water, as a function of mean energy at depth, estimated
for the NACP and Roos plane-parallel chambers

COMPARISON BETWEEN TRS-381 AND TG-39
CODES OF PRACTICE

The ratio of absorbed dose to water in electron
beams determined according to the TRS-381 and
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Fig. 8.2.- Ratio of absorbed dose to water
determined according to TG-39 and TRS-381
CoP as a function of mean energy at depth
Measurements performed in a water phantom
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Fig.8.3.- Ratio of absorbed dose to water
determined according to TG-39 and the TRS-
381 CoP as a function of mean energy at
depth. Measurements performed in a PMMA
phantom
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STATUS REPORT FROM SWEDEN-1:
PLANE-PARALLEL IONISATION CHAMBER
DOSIMETRY IN CLINICAL ELECTRON
BEAMS OF ENERGIES 4-50 MEV

H Svensson, A Bjoreland (Umea)

The work by the Umea group was carried out by Mr
Hakan Nystrom till the end of 1997. As he then
moved to another department, there has been some
transfer problems. An investigation to determine
extreme differences between the different protocols,
later to be verified by measurements, was
undertaken in the beginning of 1998. A PhD student,
Anders Bjoreland, was involved in this activity
under the supervision of the head of the Radiation
Physics department, Mr Hans Svensson, who is the
official participant from Umea.

It is possible to compare theoretically the
differences in dosimetry that would be derived using
the AAPM protocol TG-39 and the IAEA TRS-381,
as the same set of measurements is required. The
numerical values of the interaction coefficients and
the correction factors differ which results in
deviations. A complete data set for different types of
chambers is presented. For the so called "electron
beam method", deviations up to 2.5 % were shown.
In the "Co-60 in phantom method" deviations up to
3.0 % were derived, and for the "Co-60 in air" the
largest deviation was 1.7 %. In all these methods
using different combinations of plane-parallel and
cylindrical chambers, a somewhat higher dose
would generally be determined using the IAEA
protocol.

The methods in IAEA TRS-381 could not be
compared directly with the IPEMB 1996 (i.e. UK
report) and NCS report 5 1998 (i.e. the Dutch code)
as the procedures to carry out measurements differ.
However, some values of the interaction coefficients
used in these protocols could be compared. There
are some minor deviations (< 0.5 %) for chamber
factors. Further, the stopping power data used for
the electron beam measurements differ by about 0.5
% for depths usually relevant for reference dose
determination. Measurements are needed to
determine the difference in the end results .

It can be concluded that the dose deviations of 1.5 -
2.5 % can be attributed to the choice of the
dosimetry protocol. In modern radiotherapy, it is
often recommended that the dose to the patient
should be within 3.5 - 5 % (see ESTRO 1997). It is
therefore very important to reduce the uncertainty at
every step. Deviations, just due to different values

of the interaction coefficients, of up to 2.5 %
seem to be too large and further work is
needed.
The Umea group will therefore continue to
improve and verify the data using the ferrous
sulphate dosimetry method. A special care must
be taken to set up the experiment, however, to
investigate the deviations in the order of 1 - 2
%. It should, however, be possible to verify the
inconsistencies at least in the energy
dependence as we intend to carry out plane-
parallel and cylindrical chamber measurements,
and also ferrous sulphate dosimeter
measurements in both high-energy photon and
electron beams of different energies.

STATUS REPORT FROM SWEDEN-2:
PCAV FACTORS FOR CYLINDRICAL
IONIZATION CHAMBERS IN
ELECTRON BEAMS

A. Palm and O. Mattsson, Sahlgrenska
University Hospital, SE-413 45 Goteborg

The electron beam method for calibrating
plane-parallel ionization chambers involves
cavity correction factors for cylindrical
chambers. The cavity correction factors in
TRS-381 are based on the experimental results
by Johansson et al (1978). In the present work
their method was used to determine cavity
correction factors for a new set of cylindrical
graphite chambers in water. The cavity radii
were 1, 2, 3.5 and 4 mm. Measurements were
done at the recommended reference depth
(TRS-381), in photon and electron beams using
a Varian Clinac 23OOCD. The procedure was
then repeated for the depth used by Johansson
et al, i.e. placing the centre of the chamber at
the peak of the depth ionization curve. Further
studies involved the same chambers and
PMMA phantom previously used by Johansson
et al. The only difference between the two sets
of measurements was the accelerator beams. In
addition, a plane-parallel chamber was used in
all measurements.

To obtain the cavity correction factors, the
measured charge was normalised to the
smallest chamber. A plot of the inverse of pcav
as a function of cavity radius was made for
various electron beam energies. According to
Johansson et al this yields a straight line. This
function was renormalised such that pcav is
unity for cavity radius of zero.
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In the first study, with Peff placed at zref, a linear
relation was found for the higher energies only. This
might be caused by the fall-off in the dose in the
region close to the chamber for the largest chamber
in the low energy electron beams, in combination
with the problems related to the use of the effective
point of measurement for the small chambers.
However, straight lines were obtained when the
measurements were done, in both water and PMMA
phantoms, with the centre of the chamber placed at
the peak of the depth ionization curve.
The cavity correction factor can also be determined
using a plane-parallel chamber as a reference. As
pWau for these chambers is considered to be uncertain
a plot for each energy was drawn, yielding the
volume ratio of the plane-parallel chamber to the
smallest cylindrical chamber. The mean value of the
six volume determinations was used to derive pcav
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Mean energy at depth, Ez (MeV)

25

Fig. 10.1. 1/pcav determined at the depth of Dmax

using graphite chambers in water and Johansson
et al's chambers in PMMA, compared with data
from TRS-381 for cavity radius 2 and 3.5 mm

In figure 10.1, the inverse of pcav as a function of the
mean energy at the depth of the chamber for
different cavity radii is shown. Data for the graphite
chambers in water with the centre of the chamber at
the peak of the depth ionization curve are shown.
The results are compared with the data from TRS-
381. For comparison, the results derived using the
same equipment as Johansson et al are included.
These results were obtained using a plane-parallel
chamber as a reference. For the water
measurements, a Roos chamber was used, while for
the PMMA measurements an NACP02 was used. It
can be concluded that the measurements in PMMA
are in good agreement with the original data from
Johansson et al. Compared to TRS-381, a smaller
correction was found (??) for the cavity perturbation
for the graphite chambers used in water. For the
highest energies, that are recommended for the
calibration of the plane-parallel chambers, the
difference is small.
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