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A PROPOSAL HOW TO TAKE INTO ACCOUNT INHOMOGENEOUS
RADIATION FIELDS IN RADIATION PROTECTION
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ABSTRACT

External radiation fields exposing the human body inhomogenously are not considered neither in radiation
protection standards nor in recent ICRU recommendations, but appear frequently in practical radiation
protection. A proposal to solve this question is given taking into account both a conceptual and a metrological
approach. The proposal suggests that a mean over an area of about loo cm2 can be taken as reference area
for compliance with limits in terms of effective dose.

INTRODUCTION

Radiation protection standards define clearly figures limiting the radiation exposure of groups, e.g
occupationally exposed persons, in terms of the quantity E (effective dose), being a quantity defined by
ICRP for risk estimation.

Regarding external exposure, measurements have to be done by means of operational quantities as defined
by ICRU. / IA 94/

There is still a dichotomy between the two lines of development, and some discussions on this issue was
carried out /De 94, Le 93/.

Another issue is, however, not discussed at all in present considerations: a possible spatial inhomogeneity
of the radiation field. This problem is existing in many practical cases as inhomogeneous shielding
construction, beam dimensions occasionally larger than primary beam shielding, slits in walls etc.

No information is available from standards on the size of radiation field to be considered in a radiation
survey and to set in relation with the limiting quantity. Disregarding this question might lead to a
substantial departure from the optimization of protection, in this case of the shielding.

Since detectors suitable to measure dose rates as low as to environmental levels have to be used, a certain
detector volume is required. This leads to a large active area exposed by the incident radiation. This in turn
leads to the question how to interpret measurements not fulfilling the formal requirements of measuring
conditions as to be applied under calibration conditions. In particular, the question what response has to
be expected from the detector when only a part of the detector is expose arise.

This problem of inhomogeneous radiation fields lead therefore to two aspects:

a) is the reading of the meter sufficiently correct for radiation protection requirements?

Definition of requirements: show compliance with a ( derived ) limit rather than measuring a figure
(i.e E < 30 uSv rather than E = 12±3 (iSv )

b) which limit has to be used as reference

This paper is concerned with two approaches to assess compliance with limits for spatial
inhomogeneous exposure conditions. One approach is based upon judgment of measuring results, the
other with the compliance with limits.

ILLUSTRATION OF THE PROBLEM AND SOME EXAMPLES

Openings in shielding as slits where less or not attenuated radiation can pass the shielding might be
acceptable in some cases for unavoidable technical reasons (e.g between doorframe and door,
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mammography equipment between primary beam aperture and film holder assembly), or occasionally
(fluoroscopy unit used for large size radiography), but not because of slipshod work at installing lead
shielding in walls or improper adjustment of the equipment.

In both cases, an spatial inhomogeneous radiation field results and the radiation field might expose persons.

RADIATION PROTECTION APPROACH

Limiting values are based on organs doses in terms of equivalent dose. When more than one organ is
exposed, the well known quantity "effective dose £", is used, defined as

E = £ wr • HT

where E ... effective dose [Sv]
wT ... tissue weighting factor
HT ... equivalent dose in organ T

Since this quantity by definitions can not verified by measurements, some approaches are required. When
the total body is exposed, E is approached by measurements in terms of operational quantities H*(d) or
Hp(d), respectively, and the conditions defined for measurement apply.

However, there is no information available what size of radiation field has to be in compliance with a limit
and how this limit is defined.

Overcautious authorities relate erroneously a small radiation field to a dose quantity associated to the
effective dose. Therefore they require a shielding barrier for the maximimum dose, irrespective from the
size of the field. This is a clear departure from optimization and lead to overdesign of shielding barriers.
This might not be very important (except for the costs ) for fixed shielding ( e.g. a lead layer in wall), but
is important when the shielding is moved in normal operation ( e.g. in a door).

If the human body is exposed inhomogeneously in space, it might be required for compliance with limits
to consider the exposed area (size of the radiation field) in relation to the cross section of organs.
Therefore, the limiting quantity is an (effective ) organ dose rather than an effective dose.

Therefore, two issues have to be discussed:

a) (minimum) area of the radiation field
b) maximum intensity in the considered area

a) to be associated with the organ size. Areas as about 100 cm2 have to be taken into account, ranging
from a less than a few cm2 for the thyroid and some 100 cm2 as for the lung.

Further it must be taken into account that a human body does not remain in a defined fixed position
during work. Therefore it might be justified to consider the area even larger than the physical organ
size as reference area. It seems therefore appropriate to adopt for a first approach an area of 100 cm2

for the radiation field.

b) to be associated with tissue weighting factors

Since the weighting factors range from 0,2 to 0,025 ( skin and bone surface can be excluded in this
consideration), the exclusive exposure of single organs might lead to a limit higher than a factor of
5 ( gonads ) to 40 ( remainder) compared with the numerical value of the effective dose.

This might apply provided that the detector reports a arithmetic mean over the area.

MEASURING APPROACH

The response of dose rate meters designed for radiation protection purposes is specified for operation in
conditions that the fluence rate is the same at any position of the detector volume. Calibration is carried
out in these conditions. In the present case, however, the response of detectors have to be checked in
conditions that the radiation field is smaller than the exposed area of the detector. This was done for
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different fractions of the active area of the detectors (5-100 %) by /Sp94 /. No significant departure of the
reading was found in relation to the reading under regular conditions for three different detector types
(scintillation detector, proportional counter and ionisation-chamber). Own preliminary investigations with
a ionisation-chamber show similar results.

CONCLUSIONS

It can be concluded that small radiation fields (smaller than the active area of the detector, but of unknown
dimensions), when unavoidable, do not require particular attention when the measured figure assessed with
a detector of about 100 cm2 is in compliance with derived limits of effective dose. An inhomogeneity of
about 10 in terms of dose rate within the area provides that an average single organ is not exposed above
the limit for the organ dose, provided that only one organ is exposed.

Another factor of ten might be considered as to be acceptable for beams with a very small but known cross
section. This can be justified by taking into account that radiation protection standards have to prove
protection of persons, who are moving during work and not of a lifeless area. A moving person is unable,
even under very pessimistic assumptions, to become exposed exactly the same area of the body during
work.

The detectors have to be checked for their response to inhomogeneous radiation fields.
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