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RADIATION PROTECTION MEASUREMENT - SPECIAL SOLUTIONS IN
SPECIAL FIELDS

F.-J. Urban, K.-H. Traber, K. Schwerd, S. Laube, VacuTec Messtechnik GmbH, Dresden, Germany

1. Introduction

The exposition to ionizing radiation is a fact for nearly every person. One part of the exposition is due
to natural or man made radioisotopes occuring in the environment. Another part exists because of
technical sources, mainly x-ray machines for medical diagnostics.

Fig. 1: Two main sources of radiation exposition: Environmental radioisotopes and x-
ray machines (with kind permission of the Hamburger Electricitatswerke AG)

In order to obtain a radiation safety level that is as high as possible complete exposition data of every
person should be collected. The kind of source very often makes no difference regarding the effect for
the people exposed to the radiation. In practice, mainly the exposition to environmental and medical x-
ray and gamma radiation should be observed. For environmental radiation in many countries networks
are installed which give a survey over actual dose rates and integral doses for a certain area, which also
means for a certain part of the population. For the radiation exposition due to x-ray diagnostics special
measuring systems can be installed in x-ray machines for the direct measurement of the dose applied to
a patient. Thereby personal exposition data can be collected over a number of years, even over the
entire life of a person.

2. Radiation Detectors

2.1. Proportional Detectors for Environmental Gamma Dose Survey

Proportional counter tubes are well known as energy resolving detectors for x-rays of low energy, but
often very high intensity. For this purpose the tubes are small sized and have a thin entrance window.
For the purpose of monitoring the environmental gamma dose a detector without energy information,
i.e. just with a counting function, is sufficient. Such a detector can be a counter tube operated in the
proportional, i.e. gas amplification mode. Unlike for Geiger-Miiller (GM) tubes, the construction of
proportional counter tubes allows radiation sensitive volumes of several liters and more. The anode
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wire can be mounted in a special way, so that the countig efficiency of the tube is homogeneously
distributed.

The high volume enhances the sensitivity and thereby diminishes the time needed for the determination
of low dose rate values with low statistical uncertainties. Unlike for ionization chamber dosemeters, the
intrinsic background of the detector is negligible even for very low dose rates. Counting pulse time
constants of a few us lead to a low dead time and therefore to a dynamic dose rate range that is orders
of magnitude higher than for GM tubes. The energy dependence of the gamma-sensitivity can be
compensated with a suitable corrective according e.g. to ICRU 39. Modern electronic devices can be
attached to a counter tube including a high voltage power supply, a pulse processing unit, a co-inter and
a display which indicates the processor-calculated dose rate value. Easy construction and mounting
keep the costs low and make the detector resistive to rough environmental conditions.

Fig.2 :VacuTec 70046 Proportional detector

The VacuTec detector class 70040 - 70046 is an
example for such highly efficient gamma detectors
for dosimetry. Depending on their purposes, the
detectors are performed as stationary or as portable
devices. Their counting efficiency lies between 60
and 80 cps /(nSv/h), while their dynamic dose rate
range extends from 5 nSv/h to 100 mSv/h, i.e. from
a level below a dose rate caused by natural
radioactivity up to dose rates where extensive
radiation protection measures are necessary. In fig. 3
the energy dependence of the detector type 70046
with an energy compensation is shown. As it can be
seen, this detector type has a normal energy range
from 25 keV to 1,3 MeV which can be extended
down to 6 keV by the use of a special entrance
window.
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Fig. 3: Energy dependence of the efficiency of the VacuTec 70046 X dete
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With the proportional detectors described here a powerful device for fast and precise environmental
dosimetry exists.
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2..2. An Ionization Chamber for the Dose Measurement in X-Ray Machines

An important part of the radiation exposition of the population is due to x-ray diagnostics in many
countries. Very often the dose applied to a patient is only calculated by using the machine parameters
with their uncertainties, or even the radiation dose is simply nor observed neither documented. For an
overview over a patient's dose applied in a number of years, such a documentation would be absolutely
necessary, however. Particularly for children the value of the previously applied integral dose should
always be available for further decisons. Beside a well organized data managing system the first step
must be an exact measurement in rountine x-ray machine applications.

For this purpose an x-ray and visible light transparent sensor which can be mounted easily at the exit of
an x-ray tube is required. In order to make the measured value independent from the exact
measurement geometry, the so called Dose Area Product (DAP), i.e. the product of the x-ray dose and
the irradiated area is the suitable dimension. A DAP chamber developed by VacuTec has a sensitive
area of ca. 150x 150 mm2 and a thickness of < 20 mm. It consists of light transparent material and also
transmitts nearly 100% of the x-radiation. Its sensitivity is 8»10"8 (As)/(Gycm2) for an energy range
between 50 keV and 200 keV. The filtering is equivalent to 0.4 mm aluminum. Electronics, a data
acquisition unit as well as a display can be added to the chamber. This subsystem can be attached to
most x-ray machines very easily. The data can be extracted via interfaces into documentation systems.

A second chamber with similar technical data, but circular shape and a diameter of 68 mm (sensitive
area) has also been developed by Vacutec for special applications. In fig. 4 the two chamber types are
shown together with a process control unit including manipulation and display.

Fig. 4: Dose Area Product chambers produced by VacuTec (rectangular and circular) with
an unit for processing, manipulation and display.
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3. Conclusions

For the radiation exposition affecting a majority of the population sensor systems for two different
kinds of radiation sources have been developed by VacuTec. For environmental dose rate monitoring a
class of high volume proportional counters allow the determination of dose rates between 5 nSv/h and
100 mSv/h according ô 1CRU 39. The radiation exposition of patients at x-ray machines can be
measured by means of a special ionization chamber which can be integrated in documentation system
for personal radiation exposition data.
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