Personal radiation monitoring

Continuing our series on personal monitoring, in this issue we will briefly look at the reasons for performing personal
monitoring, and explore the radiation dose limit quantities.
Why monitor occupational radiation exposure?

The general answer is to provide information about radiation exposure in the workplace, at both an individual and
collective level. More specifically, the following are considered the principal reasons for routine monitoring:

* demonstration of compliance with any radiation dose limitation requirements imposed by either regulators
or management and, further, to provide evidence that doses are “as low as is reasonably achievable”;

. Frovision of information to assist in the control of operations and the design of radiation protection into
acilities;

* in the case of a real or suspected accidental overexposure, assistance in determining whether or not to
undertake any medical surveillance or treatment.

There are other more subjective factors which may influence a decision to monitor or not, including providing both
a means of allaying any staff fears and an individual dose record to provide information retrospectively in case
health issues arise in the future.

Radiation dose limits and quantities

Current thinking on occupational protection is to minimise dose received (giving consideration to the effort and cost
required to achieve dose reduction), and certainly to keep doses below defined limits. International recommendations
for occupational dose limits are as follows:

Limit quantity Limit value

Effective dose! 20 mSv per year averaged over any defined period of
5 years and not exceeding 50 mSv in any one year

Equivalent dose? in the lens of the eye 150 mSv per year

Equivalent dose? in the skin 500 mSv per year

Equivalent dose? in the hands and feet 500 mSv per year

Effective dose is a derived quantity that correlates well with the total risk of stochastic effects (see the previous article in this series),
and is not directly measurable. It is calculated as the weighted sum of equivalent doses? in all the tissues and organs of the body. It
represents the uniform whole body dose that would have the same effect (in terms of cancers and hereditary effects) as the actual doses
to the various fissues and organs in the body.

Equivalent dose is also a derived quantity that is calculated from absorbed dose® and radiation weighting factors that take account of
the differing sensitivity of human tissues to radiations of various types and energies.

Absorbed dose is a fundamental, measurable, radiation protection quantity defined as the energy absorbed per unit mass (ie, the energy
deposited by absorption of radiation divided by the weight of absorbing material).

While the calculation of effective dose and equivalent doses is complex, their use is simple. In all but extreme
occupational exposures, the relationship between dose expressed in these quantities and stochastic effects is linear.
This means receiving an effective dose of 20 mSv gives twice the chance of suffering stochastic effects as receiving
an effective dose of 10 mSv.

Because of the way they are defined, the dose limit quantities are not directly measurable using instrumentation,
but they can be estimated by knowing the geometry of the exposure situation, the energy and type of radiation
involved, the quantity of radiation absorbed at some point, and then making some assumptions about the size and
shape of the person exposed. There are a number of computer software packages available to assist in this task.

Given that the dose limit quantities are not measurable, an alternative quantity known as personal dose equivalent
has been defined that can be used to provide a reasonable estimate of the dose limit quantities under normal
exposure circumstances. Most personal dosimetry services report using this quantity, and in the next personal
radiation monitoring article we will provide a more detailed explanation of this quantity and its interpretation.

For further information contact Adam Yeabsley (adam_yeabsley@nrl.moh.govt.nz).
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Progress with
the new radiation
protection legislation

A previous issue of The Source (No 14,
November 2003) contained an article on the
continuing efforts by NRL to get the 1965
Radiation Protection Act replaced by
legislation more suited to the 21st century.
Following consultation with the industry, the
public, and government departments it was
clear that the problems with the old Act were
fundamental, and that it was best to clear the
slate and start again. The Minister of Health
approved development of policy to form the
basis for the drafting of a new Act.

Over the last year, a process of infensive drafting,
consulting, and then re-drafting resulted in a
Cabinet paper that was submitted to the Cabinet
Social Development Committee in September. The
policy was approved by the Committee then
endorsed by the full Cabinet. Following this,

ReSources

drafting instructions for a new Radiation Safety Bill
have been delivered to Parliamentary Counsel
Office (PCO) to begin drafting the Bill on the basis
of the approved o?icy. The Bill has been assigned
category 4 on tEe 2004 Legislative Programme.
This means it has the go-ahead to be introduced
to the House and proceed to Select Committee
before the end of this year. However, as of the
time of writing the PCO has not given the Bill a
sufficiently high priority for drafting to have begun.
At this stage we are optimistic that this work will

roceed in 2005, and the Bill will be introduced
Eefore the end of that year.

For more details on what will be in the new Bill,
the reader is referred to the previous article in
The Source.

(see http://www.nrl.moh.govt.nz/The Source_
Issue 14_Nov 2003.pdf)

Newly available on the NRL website (www.nrl.moh.govt.nz):

* Core of knowledge: X-ray inspection systems based on particle accelerator technology

(Follow the links:

Legislation & Licensing — Non-medical licensee training — Core of Knowledge — Inspection (particle accelerators)

e CT Screenimi— whole-body and targeted: RPAC position statement, December 2003
S5

(Follow the lin

Publications — Miscellaneous items — CT screening — whole-body & targeted)
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A Recurring Theme

An article on personal radiation monitoring in the last issue of The Source included a brief paragraph on how
ionising radiation can harm us. This paragraph has acted as a catalyst to produce a series of articles under
the broad banner of Biological Effects of lonising Radiation. The first article below provides a relatively non-
technical introduction to the subject of the harmful effects of radiation, and we will follow up in subsequent
issues with further related topics. In addition, one-off articles will appear on related subjects that have become
topical in the literature. One such article appears in this issue, where an apparent enhanced biological
effectiveness of very low energy x-rays is discussed. And finally, the series on personal radiation monitoring
continues and of course the underlying reason for such monitoring is the biological effects of radiation.

Biological Effects of lonising Radiation

Manifestation of harm resulting from radiation exposure

The interaction of ionising radiation with the human body, arising from external sources or from internal
contamination of the body by radioactive substances, can lead to biological effects which may later show up
as clinical symptoms.

At the cellular level, chemical changes resulting from radiation exposure may affect an individual cell in two
ways:

a) the early death of the cell, or the prevention or delay of cell division;

b) a permanent modification which is passed on to daughter cells.

The effects of radiation on the human body as a whole arise from damage to individual cells, but the two types
of change have quite different results.

In the first case, the death or prevention of division of cells results in the depletion of particular cell populations
within organs of the body. Below a certain level of dose (a threshold), the proportion of cells damaged or killed
will not be sufficient to affect the function of the organ and there will be no observable effect on the organ or
the body as a whole. Above the threshold, effects will start to be observed and the severity of the effects will
increase quite rapidly as the dose further increases. This type of effect is referred to as deterministic. Within
the range of variability between individuals, the relationship between the dose and the severity of the effects
can be assessed with reasonable confidence.

In the second case, modification of even a single cell may result, after a latency period, in a cancer in the
exposed individual or, if the modification is to a reproductive cell, the damage may be transmitted to later
generations and give rise to hereditary effects. In these cases, it is the likelihood of the effect occurring that
depends on the dose, but the severity of that effect will be independent of the dose. This type of effect is re?erred
to as stochastic, meaning “of a random or statistical nature”.

Deterministic and stochastic effects each have their own varieties of clinical symptoms, and in the next issue
of The Source we will look specifically at the nature of deterministic effects and the associated clinical symptoms.

For further information contact Cris Ardouin (cris_ardouin@nrl.moh.govt.nz).

All x-rays are created equal but some are more equal
than others

In radiation protection the amount of radiation that a person has been subjected to is usually characterised by
the quantity called dose — the energy absorbed per unit mass. A shortcoming with dose, as it is measured in
practice, is that it is a macroscopic quantity, yet it is the deposition of energy at the microscopic level in the cell
that has the implications for health effects.

It is well known that the biological effects of a dose of, say, 1 Gy delivered to a volume of tissue differ depending
on the ryEe of radiation involved. For example, alpha particles, possessing both charge and a large mass,
deposit their energy in a relatively small volume when compared with, say, x-rays or gamma rays which

have neither mass nor charge. Double strand breaks or even more extensive damage to the DNA can
arise from the ionisations from a single alpha particle track through a cell, whereas multiple x-ray photons would
normally be required to cause similar damage. Hence the degree of cell killing or the probability
of cancer induction, as examples of biological effects, differ for 1 Gy delivered by alpha particles
compared with 1 Gy delivered by x-rays.

From a radiation protection perspective it is very useful to have a system that provides some form of
equivalence between the various forms of ionising radiation — that is, equivalence in terms of the
resulting biological effects. The 1990 Recommendations of the International Commission on Radiological
Protection introduced the radiation weighting factor (the successor to the quality factor) to convert
absorbed dose in a given tissue or organ to another quantity called equivalent dose. Equivalent dose is
effectively the dose that would need to be given by x-rays or gamma rays (as opposed to the actual type of
radiation under consideration) to result in the same risk of inducing cancers or hereditary eftects.
All x-rays and gamma rays, regardless of energy, were assigned a radiation weighting factor of unity.
And it is interesting to note that the current draft of the 2005 Recommendations of the International
Commission on Radiological Protection retains this same radiation weighting factor for all x-rays and
gamma rays.

Mammographic x-rays and cancer induction

A recent paper, The neoplastic transformation potential of mammography x-rays and atomic bomb
spectrum radiation, published in the journal Radiation Research, 162, 120-127, 2004, presents some
very interesting results about the relative effectiveness of mammography x-rays at incﬁ:cing cancer.
The study involved in vitro irradiation of human cells with three types of radiation — a 29 kVp x-ray beam
using a clinical mammography unit; simulated atomic bomb radiation (high energy x-rays) using a linear
accelerator; and high energy electrons using a 99Sr/%9Y radioactive source. The marker for potential
cancer induction was neoplastic transformations in the irradiated cells. No difference was observed in
the biological effectiveness of the two high-energy sources, but for the mammography source a relative
bioc||ogico| effectiveness of 4.4 was reported. Similar values had previously been reported in a few other
studies.

Why should mammography x-ray beams be more effective in causing damage than higher energy x-ray
beams? The answer seems to be linked to the density of ionisation tracks that occur when the x-rays
interact with tissue. In particular it seems that the low energy x-rays in the mammography beam (those
with energies well below the mean energy of about 17 keV) procﬁllce lots of very low energy electrons
(in the range 0.2 to 2 keV) that, in turn, can produce complex damage to the DNA. This theory is
supported by another study where there was an absence of any enhanced biological effectiveness
when cells were irradiated with an x-ray beam containing only single-energy x-rays of energy equal to
the average of a mammography x-ray beam (ie, 17 keV x-rays, with no other energy x-rays present).

What does this mean? Current estimates for radiation-induced cancer stem largely from studies of groups
of people exposed to relatively high energy gammas and x-rays (eg, atomic bomb survivors) or patients
exposed either diagnostically or therapeutically. These cancer risk estimates are then applied to all
x-ray exposures (including mommogrcpﬁy) on the basis that the radiation weighting factor For all x-rays
is equal to unity.

Taking radiation-induced breast cancer as an example, two common radiological procedures that lead
to relatively high breast doses are CT examinations of the chest region and mammography. For the
former, the x-ray energies incident upon the breast are broadly similar to those in the studies that
underpin the risk factors. However, for the latter, the x-ray energies are quite different and if the results
regarding the relative biological effectiveness of mammography x-rays are true, then the risk factors for
radiation-induced breast cancer from mammography would be considerably higher than presently
accepted values.

A higher risk, if real, could have implications for mammography used in breast cancer screening
programmes. Published data on cancer detection/induction ratios for mammography screening, as
currently performed, are typically in excess of 100 to 1, so that even a four- to five-fold risk increase in
the radiation risk would sfi|rrefcin a clear benefit for the use of mammography.

As a final note, it is reassuring to observe that the mandatory requirement (as in NRL C5) for the
primary x-ray beam total filtration to be no less than 2.5 mm of aluminium equivalent, for all general
diagnostic x-ray beams, effectively removes the very low energy x-rays implicated in the studies discussed
in this article.

For further information contact John Le Heron (john_le_heron@nrl.moh.govt.nz).




