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FOREWORD

The use of nuclear techniques by many developing countries in the fields
of medicine, agriculture, animal science, hydrology and industry has resulted in
the urgent need for accurate dose measurement. Accordingly, the IAEA, together
with the World Health Organization (WHO), has established a network of Second-
ary Standard Dosimetry Laboratories (SSDLs) with the twin aims of facilitating
proper radiation calibration and verification of the instruments used for the
measurement of radiation in developing countries and assisting in the linking of
national radiation measurement facilities with the international dosimetry system,
in order to ensure proper calibration of radiation measurements against primary
radiation standards.

This publication, Secondary Standard Dosimetry Laboratories: Develop-
ment and Trends, briefly summarizes the origins, development, current status and
prospects of the IAEA/WHO network of SSDLs. In addition, the IAEA's
recently revised Criteria for the Establishment of a Secondary Standard Dosi-
metry Laboratory is reproduced here as an annex; this list of criteria is intended
to assist those Member States wishing to designate a laboratory for membership
in the SSDL network.
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1. INTRODUCTION

Dosimetry is the field of knowledge concerned with the measurement of
ionizing radiation. In this broad sense dosimetry comprises instrumentation,
measurement methods and the underlying physical (and physico-chemical)
principles which determine the interaction of radiation with matter. While
many dosimetric quantities are not only of interest but are in use, dosimetry
proper is concerned with the determination of the basic dosimetric quantity, the
absorbed dose. The interaction of radiation with matter (on the molecular and
atomic levels) manifests itself in an observable radiation effect which is directly
related to the absorbed dose in the irradiated medium. Knowledge of the absorbed
dose is, therefore, a prerequisite in any application of ionizing radiation where a
certain radiation effect is to be achieved. It is also the basic quantity for personnel
dosimetry as employed in radiation protection.

Dosimetry is crucial in three main fields: radiation therapy, food preservation
and radiation protection. In each field the typical doses and the requirements for
measurement accuracy are different. The requirement for accuracy is most
stringent in radiation therapy; here the gap between the accuracy which is
required and the highest accuracy which is achievable in practice is very narrow.
Radiation-protection measurements, on the other hand, do not generally require
high accuracy. This means that while dosimetric quality assurance (periodic
checks and recalibrations of dosimeters) and traceability of measurements to
reference standards is felt to be permanently needed in radiotherapy, it has
seemed dispensable in radiation protection. Historically, dosimetry in radiation
therapy and in personnel dosimetry have therefore developed quite independently
and with little common understanding. Only recently, as the International
Commission on Radiological Protection (ICRP) and the International Commission
on Radiation Units and Measurements (ICRU) have refined their specification of
dose equivalents for individual monitoring, and in view of the fact that recorded
dose values are increasingly used for legal purposes (for example, in determining
claims for compensation), has it been realized that a fully documented chain of
traceability is also essential in personnel dosimetry.

This publication describes the work of the IAEA and the World Health
Organization (WHO) in the establishment of a network of Secondary Standard
Dosimetry Laboratories.

2. INTERCOMPARISONS OF RADIATION MEASUREMENTS

As early as 1931 measurements of the rôntgen (the unit of X-ray dose) at
three laboratories were compared in order to check the international consistency
of measurement. The laboratories were those of the National Bureau of Standards
in Washington, D.C., in the USA, the Physikalisch-Technische Reichsanstalt, in
Berlin, and the National Physical Laboratory in Teddington, in the United Kingdom.



Similar intercomparisons were made in later years under the auspices of the
International Bureau of Weights and Measures (Bureau international des poids
et mesures — BIPM) in Paris, and were extended to other national standards
laboratories. The rapid growth in the use of radiation techniques in many fields
made accurate radiation dosimetry and calibration ever more important. This
was something which was comparatively easy in industrialized countries, where
research in dosimetry could be guided and dosimeters calibrated by national
standards laboratories which maintained primary measurement standards.
However, there remained a need for more accurate dose measurement, especially
in developing countries, where adequate calibration facilities for the dosimeters
which were in use often simply did not exist.

For example, cobalt-60 units were being used to treat patients suffering
from malignant tumours in many countries, with some success: radiotherapy was
to become a valuable weapon in the physician's armoury. But if the dose actually
received by the patient is not measured with great accuracy, the chance of a cure
is greatly reduced. An inaccuracy of only 5% in the dose delivered to the site of
the tumour can alter its effectiveness. Studies performed by the IAEA and the
World Health Organization between 1970 and 1983 showed that only about 60%
of the radiotherapy centres investigated met the ± 5% accuracy requirement.

In 1966, as a first step toward overcoming the inadequacies of dosimetry
which existed at that time, the IAEA established a dose-intercomparison service
for radiotherapy. Under this scheme, small dosimeters (technically, thermo-
luminescent dosimeters — TLDs) are prepared and calibrated at the Agency's
Dosimetry Laboratory in Seibersdorf, near Vienna, and mailed to participating
hospitals in developing countries. There they are exposed under defined conditions
to what the hospital laboratory believes is a specified dose. The hospital then
returns the TLD to the Agency's Laboratory, where it is read out and evaluated.
The Agency compares its readout with the quoted dose, and with a reference dose
supplied by a primary standard laboratory, then reports the difference to the
participant, suggests possible causes for it, and proposes appropriate action.

The postal dose-intercomparison system, which is still running, has proved to
be of enormous value to radiotherapy services all over the world. The results
obtained have been used by many scientists and committees as a guide and
reference.

Although this service is valuable, it does not go far enough. The IAEA
recognized that the increasing demand for the service merely reflected the lack
of the infrastructure which is necessary for accurate dosimetry, especially in
developing countries. There are still only 18 Primary Standard Dosimetry
Laboratories world wide, and they clearly cannot calibrate the very large number
of dosimeters which are in use. A further important point is that dosimeters are
delicate instruments, whose response to radiation is highly dependent on ambient
conditions. A precision dosimeter of the sort which must be used if radiotherapy
is to be effective has to be checked periodically against a reference instrument:



it is not enough to rely on its initial calibration, when new. Even if it is correctly
calibrated, its accuracy is unlikely to be better than ±1%. This multiplies the
amount of work involved in maintaining high standards of dosimetry.

How to measure radiation dose

Dosimeters used in radiation-protection work often incorporate
a small piece of photographic film, which darkens in proportion to the
amount of radiation to which it is exposed. Such devices, known as
film badges, are cheap, and are adequate for many purposes. However,
for the postal dose-intercomparison service, much more accurate devices
were needed. Thermoluminescent dosimeters (TLDs) were chosen.

TLDs incorporate a small quentity of a phosphor, typically
lithium fluoride (combined with a small amount of magnesium and
titanium), a chemical compound which stores the X-ray and gamma
radiation energy to which it is exposed. When the TLD is later heated
gently, the lithium fluoride fluoresces, releasing the stored energy. The
dose the TLD has absorbed can therefore be 'read out' by enclosing the
TLD in a light-tight chamber, heating it and measuring the amount of
light emitted by the phosphor. This can be done very accurately, using
sensitive electronic devices. As lithium fluoride absorbs radiation in
very much the same way as human tissue, the amount of light emitted
is closely proportional to the absorbed dose. A further advantage of the
TLD is that when it is heated it is restored to its original condition. A
TLD, unlike film badges, can therefore be used repeatedly.

The most precise dose measurements are made with ionization
chambers, which are therefore used as secondary-standard dosimeters.
They are widely used in radiation therapy and for radiation-protection
measurements. Not only do they offer high measurement accuracy,
but they also cover a wide dose range. The working principle is based
on the fact that electrons and positively charged atoms (ions) are
produced within a gas (air) volume under irradiation. This charge is
collected on electrodes and measured by a sensitive electrometer. Under
certain conditions the charge measured is proportional to the absorbed
dose in the air volume.

In April 1968 the IAEA therefore convened a panel of experts, who met
in Caracas, Venezuela, to discuss the dosimetric requirements of radiotherapy
centres. The panel included representatives of WHO and its regional offices. They



could not have been cheered by what they heard. In the whole of Latin America,
for example, there were at that time at most only five qualified hospital physicists,
whereas at least 50 were needed to support the work of the radiotherapy units in
the region. There was not a single laboratory in the whole of Latin America
which could calibrate dosimeters, or compare measurements made with them.
The situation was scarcely better in some other regions. The implication was that
thousands of cancer patients were being treated every year without proper control
of the dosage.

The panel of experts did not simply receive reports. They made a number of
practical suggestions to overcome the obvious inadequacies in radiotherapeutic
dosimetry in many parts of the world. One was that dosimeter-calibration
laboratories should be set up in various regions. The work of these laboratories,
which later came to be called Secondary Standard Dosimetry Laboratories (SSDLs),
could be supported by existing primary standard laboratories, and co-ordinated by
the IAEA.

The suggestion received considerable support, but there was little real
achievement for some time. It was not until the end of 1974 that the IAEA invited
a number of experts, mainly from the large national standards laboratories, to a
joint IAEA/WHO meeting in Rio de Janeiro, Brazil, to discuss the concept of
SSDLs and their role in metrology. An SSDL was defined there as a laboratory
designated by the competent national authorities to undertake the duties of
calibration in dosimetry in each country taking part in the scheme. The scheme
outlined at that meeting also provided for the designation of regional SSDLs by
intergovernmental agreement, or by an international organization, to provide
calibration services to other countries. It was proposed that such laboratories
should be equipped with secondary-standard dosimeters - that is, reference
dosimeters calibrated against primary standards.

It is a requirement in metrology that standardizing laboratories should
compare their standards against each other at regular intervals. For primary
standards, the organization of such intercomparisons is the responsibility of the
International Bureau of Weights and Measures in Paris. It was recognized that if
SSDLs were to function properly, the need for dose intercomparisons and for
co-ordination of their work called for some kind of international SSDL organization.

Working out the details of the project again took some time, but in 1976
the IAEA and WHO were able to notify their Member States of the formation
of the SSDL network. Within a few months, governments had nominated about
25 laboratories to take part in the scheme. Membership in the SSDL network
has now risen to about 50 laboratories, of which 36 are in developing countries.
A number of other SSDLs have also been established and supported by the IAEA,
although they are not formally part of the SSDL network. The participating
laboratories are listed in Appendix II.

Secretariat functions in support of the SSDL network are shared between
the IAEA and WHO, the IAEA being responsible for the technical development



NETWORK SECRETARIAT

COLL. ORG

SSDL SC. COMM

AFF. PSDLs: Affiliated Primary Standard Dosimetry Laboratories; BIPM: International Office of Weights and Measures;
COLL. ORG: Collaborating Organizations; DOL: IAEA Oosimetry Laboratory; IAEA: International Atomic Energy Agency;
SSDLs: Secondary Standard Dosirnetry Laboratories; SSDL Se. Comm.: SSOL Scientific Committee.

FIG.l. The IAEA/WHO network ofJSDLs.

FIG.2. Technician setting up therapy-level dosimeters for calibration in an X-ray beam at the
SSDL in Bangkok, Thailand.



of the member laboratories. Twelve large national laboratories and five competent
international bodies, among them the International Bureau of Weights and
Measures, the International Office of Legal Metrology and the International
Commission on Radiation Units and Measurements, have agreed to support the
SSDL network (Fig. 1 ). The Secretariat can also call for advice from a standing
SSDL Scientific Committee, composed of six competent experts. (The background
to the formation of this committee is discussed in a later section.) Consultants and
advisory groups also advise and assist the Secretariat in the implementation of
specific projects, such as the drafting of technical reports, guidelines and manuals.

The scope of the work done by the SSDLs is expanding continuously. Some
are already fully operative, calibrating the dosimeters used in radiotherapy and in
radiation-protection work (Fig.2). Such work is required by law in an increasing
number of countries. The staff of some SSDLs are also visiting nearby hospitals
to check and measure the output of radiotherapy units. Others are organizing or
operating national or regional dose-intercomparison services, testing new dosi-
metric or radiographie equipment, introducing and implementing quality-
assurance programmes in diagnostic radiology, conducting courses in applied
radiation dosimetiy for physicists, technicians and radiotherapists and measuring
the doses delivered by the large irradiation units used for industrial radiation
processing. The laboratory staff have reason to be proud of their work —
especially in view of the fact that the SSDL may be the only national standards
laboratory in a given country.

3. AGENCY SUPPORT

The IAEA's technical assistance programme has played an important role
in the establishment of many of the SSDLs which now form the network. Its
assistance has ranged from small projects involving one or two months of expert
advice, to large-scale projects in which the Agency has provided, over a period of
several years, major basic equipment for use in an SSDL (including irradiation
facilities and radiation-safety installations), and training for staff. Between 1977
and 1983, 13 projects in the field of dosimetry were completed in 11 countries;
the services of 12 experts and equipment worth US $500 000 were supplied. At
the end of 1983, a further 25 projects in 19 countries, and one interregional
project, were underway, representing a total of 145 man-months of expert
services and equipment worth more than US $2 million. Under the 1984 pro-
gramme, an additional 48 man-months of expert services and equipment worth
more than US $ 1.6 million were approved. The figures for 1985 are of the same
order. Additionally, a co-ordinated research programme on depth-dose measure-
ment has been organized, with seven SSDLs participating.



FIGS. Staff of various SSDLs attending an IAEA training course at the SSDL located near
Rio de Janeiro, Brazil.

The Agency's Dosimetry Laboratory at Seibersdorf plays a key role. As
noted earlier, the postal dose-intercomparison service is still in operation. The
laboratory also accepts SSDL staff for training, and has designed special equipment
for calibration purposes. Every two years, training courses for SSDL staff are held
at advanced SSDLs (Fig.3). In the past, laboratory staff and experts engaged by
the Agency for the purpose visited, each year, groups of SSDLs in a particular
region, taking reference dosimeters with them to perform dose comparisons on
the spot. As of 1985, these exercises are being replaced by regional calibration
workshops, held at advanced SSDLs, with staff from other SSDLs in the region
participating. Each calibration workshop will be guided by an expert from a
national primary laboratory, and complemented by lectures on specific subjects.
These and other network activities are being undertaken with a view to making
the SSDLs eventually independent of the IAEA and WHO.

In short, the SSDL network has become widely recognized. The International
Organization of Legal Metrology (OIML), for example, has set up a Reporting
Secretariat on Secondary Standard Dosimetry Laboratories which is preparing
an international document for the calibration of dosimeters used in radiotherapy.
More important, however, is the fact that the governments of a large number of
developing Member States have realized that setting up a standards laboratory such



as an SSDL will be of immediate benefit to the health of their people and to their
industrial development.

There is still a lot to be done. Some SSDLs are, in fact, far from being
operative.. By 1990, the IAEA hopes to raise the quality of work done by all
SSDLs to a level which is internationally acceptable. This, however, will require
increasing national support, since the number of SSDLs is expected to rise during
the next few years to more than 60. The postal dose-intercomparison system
will be continued, as will calibration exercises and the link between the SSDL net-
work and the primary measurement system.

Given the uncertain basis from which the SSDL network began, and the
paucity of resources identified by the IAEA in the 1960s, it is hardly surprising
that a shortage of adequately trained staff is the main obstacle preventing some
SSDLs from becoming fully operative. The Agency is therefore giving particular
attention to the provision of information, and special training for the technical
staff of such laboratories. For example, it is organizing a series of regional
training courses and seminars which will be held at operating SSDLs in developing
countries. Four training manuals are being prepared. One describes the layout,
equipment and work of the Agency's Dosimetry Laboratory, which is a model
SSDL. Two are guidebooks to the measurement of neutron radiation and of
radioactivity and the fourth is entitled International Code of Practice for Absorbed
Dose Determination in Photon and Electron Beams.

4. THE DOSIMETRY LABORATORY

As mentioned previously, the Agency's Dosimetry Laboratory at Seibersdorf,
about 30 km from Vienna, is virtually a prototype of what a developing country
planning an SSDL should seek to achieve. It illustrates perfectly what can be
done with limited resources.

The Dosimetry Laboratory is integrated within a complex of other laboratories
at Seibersdorf which share support services, but it has only three staff - one pro-
fessional and two technicians. Under the guidance of the Head of the Dosimetry
Section of the Agency's Division of Life Sciences, these three people:

• organize and perform annual dose intercomparisons among member laboratories
of the SSDL network

• perform dose intercomparisons for some one hundred radiation-therapy centres
each year

• accept SSDL staff for on-site training

• undertake technical co-operation missions to SSDLs

• design and develop special devices for use in SSDLs.
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TABLE I. RESULTS OF EVALUATIONS IN THE JOINT IAEA/WHO
POSTAL DOSE-INTERCOMPARISON SERVICE,
SEPTEMBER 1982 TO JULY 1984

Batch

30

31

32

33

34

35

36

Total No.
of hospitals

26

47

38

42

37

42

45

o-:

50

73

16

67

74

67

80

Percentage of hospitals with deviations

5% 5-10% More than 10%

23

20

16

17

13

14

17

27

7

8

17

13

19

2

Principal
regions8

Am, EM

Eu, SEA

SEA, Am

Af, EM.Eu.WP

Am

SEA, EM

SEA, Eu

a Af : Africa; Am: Americas (mostly Latin America); EM: Eastern Mediterranean;
Eu: Europe; SEA: South-East Asia; WP: Western Pacific.

A few performance indicators are of interest. During the period September
1982 to July 1984, seven batches of TLDs sent out through the postal dose-
intercomparison service were evaluated. A total of 277 dose measurements were
made, requiring some 7000 TLD readings. The results are shown in Tabit, I,
together with the principal regions in which the participating hospitals were
located. The table shows that the percentage of hospitals with unacceptable
deviations (defined as greater than 5%) varies between 20% and 50%.

In the long term, one would expect an improvement in the results obtained,
as more hospital physicists are trained in correct dosimetry procedures, the quality
of dosimeters improves and calibration facilities become available through the
establishment of the SSDL network. There is evidence that all these factors are
at work. There was little improvement in the years up to 1981, but from 1981
onward the results have improved significantly.

In part, this may be due to the fact that some of the participating hospitals
have now taken part in the postal dose-intercomparison scheme several times.
Improvement would also be expected if the same person has been responsible
for dose measurements throughout the period. The Dosimetry Section of the
Agency's Division of Life Sciences has made a statistical analysis of the results
obtained from 79 hospitals which had participated four or more times during the
period 1969 to 1982 (a period during which a total of 1120 dose determinations



TABLE II. POSTAL DOSE-INTERCOMPARISON SERVICE - RESULTS
BY REGION, 1976-1984

Percentage of hospitals with deviations
Region3 Number of

evaluations 0 _ 5 % 5 _ , 0 % 10-20% More than 20%

Af
Am

EM

Eu

SEA

WP

17

217

161

61

229

127

53

63

66

67

63

72

18

20

15

28

23

13

12

13

16

1.6

10

10

18

4.1

2.5

3.3

3.5

4.7

Af: Africa; Am: Americas (mostly Latin America); EM: Eastern Mediterranean;
Eu: Europe; SEA: South-East Asia; WP: Western Pacific.

were made, requiring more than 28 000 readings). Of these 79 hospitals, 9 always
had deviations of less than 5%. Of the remainder, 45 showed improvement with
time. The results from 25 others fluctuated, with no obvious trend; four of
these in fact showed an overall increase in deviation - that is, their performance
became worse. It was also observed that an unexpected change in the quality of
the results could often be correlated with a change of staff at the participating
hospital.

A further analysis was made of the results obtained during the period 1976
to 1984 in different regions of the world. The results are shown in Table II. It is
interesting to compare the figures for a deviation of from 0 to 5% with the figure
obtained from a similar exercise carried out in the United States of America, which
was 83%. The Agency considers that a "desirable and realistic" goal to be achieved
worldwide would be 90%, but this would clearly require that the postal dose-
intercomparison service, and the SSDL network, continue in existence for some
time.

The Agency's Dosimetry Laboratory is also active in developing equipment
for use in SSDLs. Dosimetry, as noted earlier, is a complicated subject. In
particular, in radiotherapy, the quantity which must be measured is the dose
absorbed within the tumour itself. It is obviously not possible to insert a dosi-
meter into the tumour - this would require surgery. How, then, can the actual
absorbed dose be measured?

The procedure used relies on the determination of the dose delivered by the
irradiation unit to an equivalent volume in a 'phantom' patient: a mock-up having

10



FIG.4. Precision calibration cart designed at the Agency Dosimetry Laboratory in Seibersdorf.
The dosimeters can be moved in three dimensions for exact positioning in a cobalt-60 beam.

radiation-absorption characteristics similar to those of human tissue. To assist in
making such measurements, the Agency's Dosimetry Laboratory has developed
a number of devices, including a precision calibration cart (Fig.4) and a standard
water tank made of Perspex for use in measurements within phantoms. The
laboratory has also developed an automated wheel on which filters can be mounted
and positioned quickly within an X-ray beam in order to quantify the beam's
radiation quality. All these devices are made by the mechanical workshop attached
to the Seibersdorf laboratory, or by local firms, and are obtainable through the
IAEA at reasonable cost.

5. HIGH-DOSE MEASUREMENTS

Industrial radiation processing is growing at a rate of about 25% a year. More
than 250 radiation-processing facilities equipped with large gamma and electron-
beam sources are now in operation in 51 countries. They are used for purposes
such as the sterilization of medical equipment and supplies, the extension of
the shelf-life of foods, the processing of plastics and so on. However, until now
there has been no concerted international effort to achieve standardization of

11



the necessary high-dose dosimetry measurements. For this reason, the Joint
FAO/IAEA/WHO Expert Committee on the Wholesomeness of Irradiated Food
has noted that the operation of irradiation facilities should be supervised by the
appropriate national authorities to ensure that doses are properly controlled.

This is clearly another area where SSDLs will become active, because of
their expertise and in view of their role as standardizing laboratories. Until they
do, the IAEA is providing an International Dose Assurance Service (IDAS) to
commercial and non-commercial irradiation facilities where large radiation sources
are used for the processing of materials. IDAS is using the services of the Dosimetry
Laboratory of the Gesellschaft fur Strahlen- und Umweltforschung at Neuherberg,
near Munich, in the Federal Republic of Germany, because the Agency's Dosimetry
Laboratory is not equipped with high-dose measuring devices.

6. HOW GOOD ARE THE SSDLs?

There is a Latin adage which translates into English as "who shall guard the
guardians ? " The rapid growth of the SSDL network is obviously to be welcomed -
but is there any way of checking that the work of these laboratories really does
meet the required standards?

The fact that dosimetry is complex has been stressed repeatedly. Whereas
we can measure length and mass with an accuracy much greater than we normally
need in everyday life, the best we can hope for in dosimetry is that the measure-
ment will be within about 1% of the true value. This is also the degree of accuracy
which is desirable in the dose that is actually delivered to a patient undergoing
radiotherapy.

In 1980, conscious of the need to establish the degree of accuracy achieved
by the laboratories participating in the SSDL network, the IAEA sent out batches
of TLDs to 22 of them. Each laboratory was asked to irradiate three of the devices
to a specified dose. A fourth device was used as a reference. Similar devices were
irradiated in the Agency's own laboratory, to establish a calibration curve for the
Agency's read-out equipment.

The results were encouraging, the great majority of the SSDLs taking part in
this controlled experiment showing deviations between the absorbed dose deter-
mined by the IAEA and that quoted by the SSDL within ± 2%. Excluding a few
cases, where it seemed an error in procedure had been made, the results fully
supported the conclusion drawn at the time that the uncertainty attainable in
postal dose intercomparisons using TLDs is within ±2%. They also showed the
high standards of accuracy achieved by many of the laboratories participating
in the SSDL network.

12



7. STATUS AND TRENDS

In November 1984, an Advisory Group meeting was convened at IAEA Head-
quarters in Vienna to consider the present status and the future of the SSDL net-
work. The meeting was attended by representatives of Primary and Secondary
Standard Dosimetry Laboratories, the BIPM, OIML, ICRU and WHO.

In its report, the Group stressed the value of joining the SSDLs together in
a network. "Such an alliance assists individual members in carrying out their
functions involving the measurement of ionizing radiation, the creation of expertise
in applied dosimetry and its transfer to the users of ionizing radiation, and the
training of radiation workers." Most importantly, the report said, the network
serves as a means of achieving worldwide coherence in radiation measurements
which can be traced back to the measurement standards of the BIPM and the
Primary Standard Dosimetry Laboratories.

"Equipment and techniques are now available that should enable an SSDL
to provide calibrations comparable in accuracy to those provided by PSDLs,"
the group reported. "Since the BIPM and national PSDLs cannot now handle
the amount of calibration work engendered by the widespread requirement for
more accurate measurements, the Advisory Group recommends that proper equip-
ment and training be provided so that the SSDL network can assume a greater
share of such work."

The Group, acknowledging the efforts already made by the IAEA and WHO,
and knowing of no other possible sponsor for the network, recommended that
the two organizations continue their essential role as central network Secretariat.
The Group also emphasized that the need for accurate radiation measurements,
and thus the need to sponsor the SSDL network, would continue for the foresee-
able future.

It was agreed that it would be highly desirable for the Agency's Dosimetry
Laboratory to have its dosimetry standards calibrated at the BIPM laboratory
at Sèvres, France. The Group noted that when SSDL personnel come to the
Agency Laboratory for training, they can bring their standards for comparison.
This will help to maintain a high level of assurance about the coherence of the
network standards.

"The strongest possible metrological links should be established within the
network," the Group said in its report. "Those links, which provide traceability
to the international measurement system, should not be concentrated all at one
place, but should be spread out to provide a wide net. Many PSDLs should be
drawn into active participation, and the SSDLs should intercompare dosimetry
measurements as widely as possible among themselves." The SSDL Secretariat
should make the necessary plans and work out the logistics for the best and
most economical methods of establishing and maintaining such links.

The Advisory Group updated the Criteria for the Establishment of a
Secondary Standard Dosimetry Laboratory, which had been circulated to
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governments of Member States in 1976 when the IAEA/WHO network was
established. The updated criteria are reproduced here as Annex I. The Group
pointed out that if a laboratory nominated to serve as an SSDL does not at first
meet the criteria in full, it could be granted provisional membership for an interim
period. Additionally, the network Secretariat could initiate affiliation of PSDLs
which participate in thi international measurement system and are willing to
provide advice and support, including the calibration of secondary standards.

Lastly, the Group recommended its own replacement by a new SSDL
Scientific Committee. It was suggested that this Committee be composed of
five or six persons appointed by the Directors General of the IAEA and WHO,
and that both the BIPM and ICRU should be invited to nominate one member.
There should be at least one representative of a PSDL and one representative of
an SSDL.

In general, the new Committee will advise the Secretariat on methods of
carrying out its responsibilities. Specifically, the Committee is charged with
making comments and recommendations on:

techniques for carrying out intercomparisons between SSDLs;
techniques for establishing and maintaining traceability to PSDLs;
metrological consistency within the network;
the need for site visits, improved equipment, etc. ;
the dissemination of information, including the format and contents of the
proposed circular letter;

• the need for training, and topics to be covered.

The Scientific Committee will prepare an annual report to the Directors
General of the IAEA and WHO, for later circulation to Member States.
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Appendix I

A SHORT HISTORY OF RADIATION METROLOGY

In 1895 Rôntgen discovered X-rays and in the following year Becquerel
discovered the phenomenon of radioactivity. These two fundamental advances
in science sparked off decades of intense research, which continues today. X-rays
were found to be powerful tools for use in medical diagnosis and therapy. Research
workers discovered other forms of ionizing radiation: alpha and beta particles, and
gamma rays. Neutrons and pions were found to have effects similar to those of
ionizing radiation. All these forms of radiation have been put to use. Gamma rays
from (typically) cobalt-60 sources are widely used for cancer therapy. These and
other radiation sources are used in modern industry for a wide variety of purposes:
checking the integrity of welds or the moisture content of paper, sterilizing medical
equipment, preserving food, the list is almost endless.

But from the very beginning of radiation science, research workers realized
that they had a problem. In order to make measurements of anything to do with
radiation, it is necessary to use techniques requiring complex scientific instruments.
The development of these instruments took many years. Increasingly sophisticated
measurement techniques made use of the fact that the colour of some chemical
compounds changes when they are exposed to X-rays, and that this colour change
can be related to the absorbed dose. Special dyes whose colour changes in a known
way on exposure to radiation were developed: such dyes are still used today to
measure high doses. However, the techniques available for dose measurement
remained rather qualitative and unsatisfactory for some time.

In 1905, at the Rôntgen Congress in Berlin, it was proposed that a committee
should be set up to define a unit for the measurement of X-ray intensity. The
proposal lapsed, because not enough was known at that time about the physical
and chemical effects of radiation. The next important step forward was in 1908,
when Villard suggested that as X-rays change the electrical conductivity of air
through which they pass, measuring this change might be useful as a way of
determining X-ray dose. This physical effect results from the fact that most kinds
of radiation have the power to displace electrons from atoms which they strike,
thus giving them an electrical charge. Charged atoms are termed ions, and hence
these types of radiation are said to be ionizing. The phenomenon of ionization
is used today in instruments such as the widely known Geiger counter and in
ionization chambers.

Further research was undertaken, and in 1925 the German Rôntgen Society
was able to adopt the rôntgen (R) as the unit of X-ray dose. Three years later,
with minor modifications, the rôntgen was adopted by the second International
Congress of Radiology in Stockholm, Sweden. In 1957, at the fifth International
Congress of Radiology in Chicago, USA, the rôntgen was accepted as the unit to
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be used for both X-ray and gamma-ray dose. It was not until 1962, however,
that the rôntgen was defined as a special unit for the quantity of exposure.

The definition of the rontgen which is in use today is very precise, involving
quantities which it is possible to measure with a high degree of accuracy.1 As early
as 1913, however, it was realized that measuring the amount of ionization which
X-rays produce in air (which is the basis of the definition) tells us very little about
their biological effect on the body exposed to them. Although there were rapid
developments in measurement techniques and in the scientific understanding of
the effects of radiation, 40 years were to pass before the International Commission
on Radiation Units and Measurements adopted a new quantity, the absorbed dose,
and its unit, the rad (the word rad is an acronym formed from the initial letters
of the words 'radiation absorbed dose'). This unit can be used to measure doses
of ionizing radiation of all kinds. It is defined as the amount of energy that leads
to the deposition of 10~2 joule of energy per kilogram in the absorbing material.

For X-rays and gamma rays of average energy (in technical terms, about
1 MeV) an exposure of 1 rôntgen results in the deposition of 0.96 X 10~2 joule
per kilogram of soft body tissue. This is very nearly 1 rad. In bone, however,
an exposure of 1 rôntgen results in the deposition of more than 1 rad. It is this
physical fact which underlies the production of X-ray photographs.

In 1975, as part of the rationalization of scientific units promulgated by the
General Conference on Weights and Measures, the unit used to measure absorbed
dose was changed to the gray (abbreviated Gy), corresponding to 100 rad. Yet
another unit, the sievert (Sv), is used to measure the dose equivalent of a given
exposure, taking into account the differing 'biological effectiveness' of different
types of radiation. The sievert replaces a unit used earlier, the rem.

This short account of the principles of radiation metrology and recitation
of history is necessary background if the reader is to appreciate the importance
of work performed today by the network of Secondary Standard Dosimetry
Laboratories, co-ordinated by the International Atomic Energy Agency.

1 The rôntgen is defined as the quantity of either X- or gamma rays which will produce,
as a result of ionization, electrons carrying a total charge of 2.58 X Iff"4 coulomb in 1 kilogram
of dry air.
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Appendix II

THE SSDL NETWORK

1. Laboratories participating in the SSDL network, as of June 1985, and the
date when they joined:

SSDL Buenos Aires: 1969

Laboratory for Dosimetry,
Comisiôn Nacional de Energi'a Atômica,
Buenos Aires, Argentina

SSDL Lucas Heights: 1977

Australian Atomic Energy Commission
Research Establishment,

Sutherland, NSW, Australia

SSDL Seibersdorf : 1977

Osterreichisches Forschungszentrum
Seibersdorf GmbH, Seibersdorf, Austria

SSDL Gent: 1977

Laboratorium voor Standaarddosimetrie,
Gent, Belgium

SSDL La Paz: 1977

Department of Radiological Protection
and Safety,

Bolivian Nuclear Energy Commission,
La Paz, Bolivia

SSDL Rio de Janeiro: 1976

Laboratorio de Dosimetria de
Padronizaçao Secundaria,

Instituto de Radioproteçao e
Dosimetria,

Rio de Janeiro, Brazil

SSDL Sofia: 1977

Laboratory of Clinical Dosimetry
and Ionizing Radiation Metrology,

Medical Academy,
Radiotherapy Department,
Sofia, Bulgaria

SSDL Ottawa: 1977

Radiation Dosimetry Division,
Radiation Protection Bureau,
Health Protection Branch,
Department of National Health and Welfare,
Ottawa, Ontario, Canada

SSDL Shanghai: 1982

Radioactivity Section,
Shanghai Institute of Metrological Technology,
Shanghai, China

SSDL Beijing: 1984

Laboratory of Industrial Hygiene,
Ministry of Public Health,
Beijing, China

SSDL Nicosia: 1977

Radiation Dosimetry Laboratory,
Department of Medical Services,
Nicosia General Hospital,
Nicosia, Cyprus

SSDL Prague: 1977

Institute of Hygiene and Epidemiology,
Prague, Czechoslovakia

SSDL Copenhagen: 1978

The State Institute of Radiation
Hygiene,

Copenhagen, Denmark

SSDL Quito: 1977

Comisiôn Ecuatoriana
de Energi'a Atômica,

Quito, Ecuador
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SSDL Cairo: 1977 SSDL Tehran: 1973

Radiation Physics Unit,
National Institute for Standards,
Cairo, Egypt

SSDL San Salvador: 1977

Nuclear Medicine Service,
Hospital Rosales,
San Salvador, El Salvador

SSDL Helsinki: 1977

Helsinki, Finland

SSDL Le Vesinet: 1977

Service centrale pour la protection
contre les rayonnements ionisants,

Le Vesinet, France

SSDL Neuherberg: 1977

Laboratory for Dosimetry,
Institute for Radiation Protection,
Gesellschaft fiir Strahlen-

und Umweltforschung,
Neuherberg, Federal Republic of Germany

SSDL Accra: 1978

Ghana Atomic Energy Commission,
Legon, Accra, Ghana

SSDL Guatemala: 1977

National Institute of Nuclear Energy,
Guatemala City, Guatemala

SSDLTrombay: 1976

Radiological Standards Laboratory,
Division of Radiological Protection,
Bhabha Atomic Research Centre,
Trombay, Bombay, India

SSDL Jakarta: 1984

Pusat Dosimetri den Standardisas!,
Badan Tenage Atom Nasional,
Jakarta Selatan, Indonesia

Cancer Institute, E. Khomeini Hospital,
Tehran, Islamic Republic of Iran

SSDL Tehran: 1977

Radiation Protection Department,
Atomic Energy Organization of Iran,
Tehran, Islamic Republic of Iran

SSDL Baghdad: 1977 j

Health Physics Department, 1
Nuclear Research Institute, ;
Tuwaitha, Baghdad, Iraq

SSDL Baghdad: 1977

Institute of Radiology and Nuclear
Medicine,

Baghdad, Iraq

SSDL Tel Aviv: 1978

Research Institute for Environmental
Health Nuisances,

Ramat-Aviv, Israel

SSDL Seoul: 1980

The National Institute of Health,
Department of Radiation Standards,
Seoul, Republic of Korea

SSDL Kuala Lumpur: 1979

Nuclear Energy Unit,
Prime Minister's Department,
Bangi, Selangor, Malaysia

SSDL Mexico: 1970

Radiotherapy Department,
Institute of Oncology,
General Hospital SSA,
Mexico DF, Mexico

SSDL Lagos: 1975

Department of Radiation Biology
and Radiotherapy,

College of Medicine, University of Lagos,
Lagos, Nigeria
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SSDLOslo: 1977 SSDL Stockholm: 1978

State Institute of Radiation Hygiene,
Osteras, Norway

SSDL Rawalpindi: 1978

Pakistan Institute of Nuclear Science
and Technology,

Rawalpindi, Pakistan

SSDL Manila: 1976

Radiation Health Office,
Department of Health,
Manila, Philippines

SSDL Lisbon: 1982

Departmento de Radioterapia,
Instituto Portugues de Oncologia,
Lisbon, Portugal

SSDL (LNETI/DPSR): 1984

Laboratorio Nacional de Engenharia
e Tecnologia Industrial,

Sacavém, Portugal

SSDL Bucharest: 1969

Institute of Hygiene and Public
Health,

Bucharest, Romania

The Senior Special Pathologist : 1978

Connaught Hospital,
Freetown, Sierra Leone

SSDL Singapore: 1970

Radiotherapy Department,
Singapore General Hospital,
Singapore, Singapore

SSDL Khartoum: 1977

Radiation and Isotope Centre,
Khartoum, Sudan

Natkmal Institute of Radiation
Protection,

Stockholm, Sweden

SSDL Wurenlingen: 1981

Abteilung Strahleniiberwachung,
Eidgenossisches Institut

fur Reaktorforschung,
Wurenlingen, Switzerland

SSDL Bangkok: 1973

Division of Radiation Protection
Services,

Department of Medical Sciences,
Bangkok, Thailand

SSDL Bangkok: 1977

Office of Atomic Energy for Peace,
Radiation Measurements Division,
Bangkhen, Bangkok, Thailand

SSDL Istanbul: 1978

Cekmece Nuclear Research
and Training Centre,

Havaalani-Istanbul, Turkey

SSDL Leningrad: 1978

Laboratory of the Northwest Centre
for Metrology and Standardization,

Leningrad, USSR

SSDL Caracas: 1983

Instituto Venezolano de Investigaciones
Cientificas,

Caracas, Venezuela

SSDL Belgrade: 1977

Dosimetry and Radiation Protection Section,
Radiation Protection Laboratory,
Boris Kidric Institute of Nuclear Sciences,
Beograd, Yugoslavia

19



2. Central network laboratory

IAEA Dosimetry Laboratory, Seibersdorf

Information:
Dosimetry Section,
Division of Life Sciences,
International Atomic Energy Agency,
P.O. Box 100, A-1400, Vienna, Austria

3. Calibration laboratories which are partly operational or being planned, and
are not yet members of the IAEA/WHO SSDL network (June 1985)

SSDLs partly operational

SSDL Algiers, Algeria
SSDL Santiago, Chile
SSDL Bogota, Colombia
SSDL Havana, Cuba
SSDL Mexico II, Mexico
SSDL Lima, Peru
SSDL Montevideo, Uruguay

Calibration laboratories in planning stage

Dhaka, Bangladesh
Ministry of Health, Rangoon, Burma
Santo Domingo, Dominican Republic
Ulan Bator, Mongolia
Ministry of Health, Rabat, Morocco
Asuncion, Paraguay
Ar Riyadh, Saudi Arabia
Colombo, Sri Lanka
Damascus, Syrian Arab Republic
Tunis, Tunisia

4. Collaborating organizations associated with the SSDL network

International Bureau of Weights and Measures (BIPM)
International Commission on Radiation Units and Measurements (ICRU)
International Electrotechnical Commission (IEC)
International Organization of Legal Metrology (OIML)
International Organization of Medical Physics (IOMP)

5. Affiliated members of the SSDL network

Australian Radiation Laboratory, Melbourne, Australia
National Research Council, Ottawa, Canada
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Laboratoire de métrologie des rayonnements ionisants, Saclay, France
Amt iur Standardisierung, Messwesen und Warenpriifung, Berlin, German Democratic Republic
Physikalisch-Technische Bundesanstalt, Braunschweig, Federal Republic of Germany
National Office of Measures, Budapest, Hungary
Electrotechnical Laboratory, Tokyo, Japan
Rijks Instituut voor de Volksgezondheid, Bilhoven, Netherlands
National Radiation Laboratory, Christchurch, New Zealand
VNIIFTRI, Moscow, Union of Soviet Socialist Republics
National Physical Laboratory, Teddington, United Kingdom
National Bureau of Standards, Washington, DC, United States of America
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Annex I

IAEA/WHO NETWORK OF
SECONDARY STANDARD DOSIMETRY LABORATORIES

Criteria for the establishment
of a Secondary Standard Dosimetry Laboratory

(Recommendations of an Experts Group)

1. SCOPE

This annex sets forth the criteria to be met when a state wishes a national
SSDL to be accepted for membership in the IAEA/WHO network. It may also
serve as a recommendation to governments in the process of designating a
laboratory to become an SSDL. These criteria are minimum requirements only.

2. THE IAEA/WHO NETWORK OF SECONDARY STANDARD
DOSIMETRY LABORATORIES

2.1. In a working arrangement (1976) between the IAEA and WHO it was agreed
to set up an "IAEA/WHO Network of Secondary Standard Dosimetry Labora-
tories (SSDLs)" in order to improve accuracy in applied radiation dosimetry
throughout the world. The working arrangement specifies details of the structure
of the network and lays down procedures for membership.

2.2. A laboratory fulfilling the general criteria set forth here may become, at
the request of its government, a member of this network. In cases where these
criteria are not initially met, provisional membership may be appropriate during
the period needed to satisfy these requirements. Application for membership
in the IAEA/WHO SSDL network must be based on a nomination from the
Government of the Member State concerned. The nomination specifies a labora-
tory which is suitable for the purpose and names the responsible person who will
be in charge of the work. Membership in the network facilitates international
co-operation, enables the member to obtain assistance in solving specific
problems and provides access to the international primary measurement system.
There is no membership fee.

2.3. Only one SSDL organization should be nominated for each Member State.
If national radiation standards do not already exist, the Member State should
recognize as national measurement standards the radiation measurement
standards maintained by the SSDL.
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2.4. Membership of a laboratory in the network does not impose any liability on
the IAEA, WHO or other collaborating institutions in connection with the
performance of work within the laboratory.

3. DEFINITIONS

3.1. Secondary Standard Dosimetry Laboratories

An SSDL - in this context — may be either national or regional. A national
SSDL is a laboratory which has been designated by the competent national
authorities to undertake the duties of a calibrating laboratory within that country.
A regional SSDL is an SSDL which is designated, by intergovernmental agree-
ment or by an international organization, not only to carry out national func-
tions but also to provide calibration services and advice to other countries within
the geographical area concerned.

An SSDL is equipped with secondary standards which are calibrated against
the primary standards of laboratories participating in the international measure-
ment system.

3.2. Primary Standard Dosimetry Laboratories (PSDLs)

A PSDL is a national laboratory designated by the government for the
purpose of developing, maintaining and improving primary standards in radia-
tion dosimetry. A PSDL participates in the international measurement system
by making comparisons through the medium of the Bureau international des
poids et mesures (International Bureau of Weights and Measures), and provides
calibration services for secondary standard instruments.

3.3. The IAEA/WHO network of SSDLs

The SSDL network is an association of SSDLs which agree to co-operate
in promoting the objectives of that network under international auspices. Its
objectives are:

• To improve dosimetric accuracy, particularly in radiation therapy and
radiation protection, by supporting centres and laboratories for the
creation and distribution of knowledge in applied dosimetry;

• To further the exchange of experience between members and affiliated
members and to provide support to each other where necessary;

• To establish and facilitate links between members and the international
system of radiation measurements through PSDLs;

• To promote the compatibility of methods applied for calibration and
performance of dosimetry in order to achieve uniformity of measurements
throughout the world.
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3.4. Classification of instruments

For the purpose of this publication the various classes of instruments
referred to are defined as follows:

3.4.1. Primary standard. An instrument of the highest metrological qualities,
which allows determination of the quantity to be measured from measurements
of basic physical quantities, and the accuracy of which has been verified by
comparison with equivalent standards of other institutions participating in the
international measurement system.

3.4.2. Secondary standard. An instrument of long-term precision and stability
which has been calibrated against a primary standard.

3.4.3. Field instrument. An instrument used for routine measurements.

4. LABORATORY ORGANIZATION AND STAFF

4.1. Organizational structure

The work of the laboratory should be independent in character and free
from any external influence which could adversely affect the quality or
impartiality of the service it offers.

4.2. Head of laboratory

4.2.1. The head of the laboratory should be a physicist with several years of
experience in radiation measurement and calibration.

4.2.2. The head of the laboratory is responsible for the work performed at the
laboratory and should hold a full-time appointment.

4.2.3. The head of the laboratory is responsible for adequately documented
calibration procedures and certification.

4.3. Laboratory staff

As the prime obligation for the correctness of a measurement lies with the
person making it, laboratory staff should possess adequate qualifications and
experience in measurement procedures and practice appropriate to their
responsibilities.
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4.4. SSDL calibration certificates

When a laboratory has been designated, arrangements must be made by the
competent national authority to authorize the head of the laboratory to sign
SSDL calibration certificates.

5. LABORATORY ACCOMMODATION

5.1. Location

For an appropriate location of the laboratory the following criteria need
to be considered:

5.1.1. It should be located in a geographically central position in relation to the
demand for its services and the practical performance thereof.

5.1.2. It should be free from external environmental disturbances which are
likely to affect the measurements (consideration must also be given to the
laboratory's own impact on the environment).

5.1.3. Allowance should be made for the possibility of extending the facilities.

5.1.4. If accommodation is found in existing buildings, compromises on some
of the above criteria may be unavoidable; the basic principles should, however,
be observed.

5.2. Premises

The following minimum requirements for premises should be fulfilled:

5.2.1. It is desirable that the laboratory should not share space with other
activities.

5.2.2. At least one large room (e.g. 6 X 3 X 3 metres) is required for X-ray
calibrations. A second room is required for calibrations with cobalt-60 radia-
tions, but, if this cannot be provided initially, access to a cobalt-60 source
elsewhere must be made available as an interim measure.

5.2.3. Shielded control space next to the calibration rooms is necessary.

5.2.4. Structural shielding, particularly for cobalt-60 radiation, may be required
in order to avoid unacceptable radiation exposure of staff and the public and
to keep background radiation at levels consistent with protection-level calibrations.

5.2.5. One laboratory room should be available for electronic measurements
and other physical experiments, e.g. checking and preparing dosimeters for
calibration, operation of TLD services, etc.
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5.2.6. A mechanical and electronic workshop should be available.

5.2.7. Office space for the head of the laboratory, scientific-technical staff and
secretarial staff should be available.

5.3. Services

The following are essential:

5.3.1. Appropriate stability of the mains voltage supply (for which voltage
stabilizers may be necessary).

5.3.2. Appropriate water supply and water removal for cooling systems (X-ray
machines, etc.).

5.3.3. Control of environmental conditions, particularly air conditioning, with
automatic temperature and humidity control.

6. CALIBRATION FACILITIES AND EQUIPMENT

6.1. An SSDL must be able to provide calibration services for specified radiations
generated over specific energy ranges, at either therapy or protection levels, or
both.

6.2. Duplicate secondary standard instrumentation should be provided to cover
each of the energy and dose-rate ranges for which services are offered. One of
the secondary standards must be retained in the laboratory solely as a basic
reference instrument. Methods of checking stability are essential, and rely on the
use of radioactive check sources.

6.3. The secondary standards must initially be calibrated for the ranges of interest
against a primary standard of a recognized national standards laboratory, and then
recalibrated periodically as necessary.

6.4. Radiation sources giving appropriate dose rates must be provided to cover
the energy ranges of interest. In the case of X-ray generators they should be of
the constant potential type, and highly stabilized power supplies are required.

6.5. Essential ancillary equipment includes diaphragms, a set of filters, a shutter
mechanism, a transmission monitor chamber with measuring assembly, and
calibration benches with positioning devices.

6.6. Other equipment required includes precision instruments for measurement
of time, temperature, pressure and humidity. Additional laboratory equipment
is also desirable, either as back-up in case of malfunction of instrumentation, or
to provide alternative techniques to confirm the measurements made. For
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example, current/charge measuring instruments and precision voltage and
current sources are needed for this purpose.

6.7. The design of the calibration facilities must be in accordance with the
relevant national and international safety regulations.

6.8. Depending on the services to be made available, the requirements may
include equipment or instrumentation for thermoluminescence dosimetry,
film dosimetry and chemical dosimetry.

7. RESPONSIBILITIES OF THE SSDL

The responsibilities of the SSDL include, but are not limited to, the
following activities:

7.1. Maintaining secondary standard instruments in agreement with the inter-
national measurement system, and performing recalibrations as necessary.

7.2. Performing calibrations of radiation measurement equipment and issuing
calibration certificates with all necessary information, including the estimated
uncertainties.

7.3. Organizing dose comparisons for radiation therapy for institutions within
the country or region, and participating in measurement comparisons within
the IAEA/WHO SSDL network, and with other standardizing laboratories.

7.4. Co-operating with the IAEA/WHO network and with other metrological
laboratories in the exchange of information and improvement of measurement
instruments and techniques.

7.5. Documenting and preserving records of all procedures and the results of
calibrations.

7.6. Keeping up to date on progress in radiation measurement, so as to improve
calibration techniques as required, and thereby provide a better service to the
users of radiation.

7.7. Providing training in radiation measurement and calibration techniques
and in the use and maintenance of the relevant instrumentation, appropriate to
the users of radiation served by the SSDL.

7.8. Reporting to the Secretariat, at least annually, on the status of its secondary
standards, radiation sources, calibrations performed and related activities.
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