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INTRODUCTION

The general principles of medical surveillance for workers exposed

to ionizing radiation were defined in the Euratom Basic Standards in 1999.

These principles, which are in accordance with the early ICRP
publications, have been adopted by the national authorities and implemented
without difficulty. However, because of the forthcoming publication of the
revised Basic Standards in accordance with recent ICRP recommendations, the
Commission decided to organize a meeting of doctors responsible for the
medical surveillance of workers exposed to ionizing radiation in order to
disseminate as widely as possible the results of experience gained in the
field of radiological protection and to pinpoint the practical difficulties

which might arise when the principles were applied.

The Commission also considered it important to inform dectors
specializing in radiological protection about the principles to be followed
by those responsible for the health protection of workers exposed to non-

ionizing radiation, particularly microwaves and Laser beams.

This volune contains the English translation of all reports presented.

An edition in the original languages has been published in May 1975.

Dr. P. RECHT

Director of Health Protection

Commission of the European Communities

Luxenburg, September 15, 1975
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OPENING ADDRESS
Dr. P. RECHT (CEC)

Ladies and gentlemen, today's colloquiumis the latest in a
series of meetings of which the most recent was held in 1970. We felt
that the time had come to hold a meeting of doctors responsible for
supervising the health of workers exposed to ionizing radiation, and
to give the delegates of the three new Member States of the Community
& chance to meet their colleagues from the six original countries, who
have achieved such full and profitable cooperation under aur auspices.
I an very happy to welcome, on behalf of the Commission, all the par-
ticipants from the nine Community countries and from the international
organizations, and to open this valuable and important colloquium which
will help the Commission to gather the information it requires for the
next stage of its work and for the revision and application of the
Basic Standards. As you are no doubt aware the Basic Safety Standards
for Protection Against Ionizing Radiation Qere adopted for the first
time by the Council of Ministers in 1959 and: are now undergoing
revision, so as to finalize the procedure laid down in the Treaty. A
number of questions, however, remain to be answered; we are still
trying to find ways of reconciling the points of view expressed by
particular European cocuntries in the discussions within the Council.
Some of these problems will no doubt be mentioned in the course of
this morning's session and others will be touched on when we come to
discuss medical records. As in the past, your discussions and exchanges
of opinion at this colloquium will be of considerable interest to the
Commission. You all have a great deal of experience in the medical
supervision of workers exposed to radiation. We wish to hear your
suggesticns and comments, since they will help us improve the formula-
tion of the directives to take account of progress and practical
aspects. The work is of course nearing completion, but the final de-
cision has not yet been taken and we will be able, to a certain extent,
to make suggestions for changes on any important points. I should like
to thank you in advance for your contributions and to declare open this

colloquiumon the medical supervision of workers exposed to radiation.
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FIRST SESSION

PRACTICAL ORGANIZATICN OF MEDICAL SUPERVISION
FOR THE VARIOUS CATEGORIES OF EXPCSED WORKERS

Chairman : Dr. H. JAMMET



Dr. JAMMET (France)

As Chairman of this first session I should like to thank the
European Communities and in particular the Eealth Protection Directorate
for resuming an old tradition after a break of several years - the
much appreciated tradition of periodically holding meetings of doctors
responsible for the supervision of workers exposed to ionizing and
non-ionizing radiations, to give us an opportunity to compare our
ideas and experience in this field. In this first session we shall be
examining the problems of practical organization of medical supervisicen

for the different categories of workers affected.

I am also very pleased that for the first time in this series
of meetings we shall be studying all tyres of radiation, not just
jonizing radiation, but also non-ionizing radiation. Our field of study
and concern has been widened considerably and we will have to deal
with all electromagnetic radiations, thus completing the spectrum of
radiation taken into consideration. But we should not neglect other
types of radiation - both particulate and nuclear radiation, which are
more familiar to the mecdical services responsible for surveillance.
The problems of radioacitivity are included in the programme, and we
shall be discussing radioactive toxins which, as jou know, are liable
to emit electromagnetic and/or particulate ionizing radiation. In this
session we shall also have to discuss the hazards to which workers are
exposed, in order to define the forms of supervision to be undertaken
by medical services. These hazards are associated with three categories
of exposure: exposure to high radiation doses in acute accidents, which
can be caused by both ionizing and non-ionizing radiations; medium-
dose hazards and concommitant risks of occupational disease with pri-
marily haematological symptoms; and hazards linked with low radiation
doses. At present there is a great deal of scientific discussion over
the extent of damage caused by the last-mentioned type of exposure.
Generally speaking, though, with low dose levels and particylarly in
the case of radiation workers, the problem is one of random effects
and the possibility of the induction of cancer by certain types of
radiation. These low doses are in the same range as the maximum per-

missible radiation levels laid down in the European Community Directives.
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A third important point to be examined is the definition of wor-
kers exposed to radiation. Radioactivity is present everywhere and all
workers, and indeed all human beings, ere permanently exposed to ra-
diations and radicactivity. It is clear, then, that for the purposes
of industrial medicine, we must know which workers are to be considered
as being exposed to ionizing radiation. From the workers' point of view,
"exposed to ionizing radiation" means that a particular risk exists.

We must therefore fix the dividing line between everyday risks and the
risks of exposure above a certain level, beyond which we can speak of

occupational exposure to radiation.

Subsequently we might consider whether the workers exposed to ra-
diatione should or should notbe divided into categories. At present this
matter is being discussed in several circles at international level,
with the aim cf deciding whether these distinctions between workers
should be retained.The EBuropean Directives only stipulate one permis-
sible limit for exposed workers,but they also specify that workers should
be divided into categories, and describe different systems of medical
surveillance based an these categories. Thus there is only one series of
exposure limitsfarall exposed workers, but for the purposes of practical

organization of supervision, workers haveto be divided into categories.

Furthermore, the role and the functions of the doctors responsible
for medical supervision of workers will require to be clarified. Above
all it is important to know whether workers are or are not fit to carry
out their duties, whether they remain fit and whether they show any ab-
normal symptoms which couldbe connected with exposure to radiation. Then
we must discuss the problem of the part the doctor must play in certain
circumstances, especially inemergency and accident situations. We must
thercfore decice on the best methods of practical organization for as-
sessing the fitnessof workers, for medical supervision during their
working life,and for medical interventionin the case of accidents. Lastly,
the practical organization of medical supervision concerns doctors and
the need for special training.Can all works doctors cope with this si-
tuation or do we, in certain cases, need works doctors speciﬁlizing in
this particular field? Is the concept of the approved medical practi-
tioner viable and desirable in practice? Finally, we must of course bear
in mind that at present the situation is not the same in all nine
countries of the European Community, If we manage to arrive at the best
common denominator for &ll countries, we will have succeedec in the

task which we have bezen set for these two days.
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PRACTICAL ORGANIZATION OF MEDICAL SUPERVISION FOR THE
VARIOUS CATEGORIES OF EXPCSED WORKERS

Dr. E. Strambi

1. Introduction

lele~ The main aim of today's meeting is to provide an opportunity
for the doctors responsible for radiological protection in the various
Community couniries to exchange ideas and experiences, on the basis of
the laws and regulations in force in each country. The time has perhaps
come to define more clearly what medical supervision for purposes of
rediological protection consists of and what its objectives are, and
to discuss in greater detail the professional attainments and status
of doctors authorized to practise in this field. This work should in
fact be considered in the wider context of the prevention of diseases
resulting from the environment and deterioration o the organism.
Modern social medicine has been paying increasing attention to such

diseases following the fundamental progress wrought by antibiotics.

In this connection, a critical review of their own role by doctors
who have been active in this specialized branch of industrial health
and medicine for many years might prove worthwhile. As far as the
Community is concerned, this seems to be a particularly good time for
such a review, as the basic Muratom Safety Standards, drawn up in 1959,
are about to undergo extensive revision in order in particular to take
into account the principles and recommendations laid down in the report
drawn up by the International Commission on Radioclogical Protection
(ICRP).
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l.2— As an introduction to the discussion of the practical
problems of organizing medical supervision for the various categories
of worxers exposed to the hazards of ionizing radiation, the following

points will be investigated 3

a) the kind of activities which should be subject to special

medical supervisionj
b) the authorization of doctors responsible for this supervision;

c) the extent of medical examination.

These are really three aspects of a single problem which has
already been brought up frequently on other occasions and which could
be expressed in the following way : are we still justified at this
stage in asking doctors (who should be highly qualified in the
specialized field of radiological protection) to devote their pro-
fessional time and energy to preparing, interpreting and assessing
costly checks on the health of vast groups of workers exposed in fact
t0 a low risk? Would it be better to devote more time and energy to
the individual supervision of smallvselected groups whose work
involves a higher risk coefficient? The second alternative, undoubtedly
offers more advantages, particularly as far as epidemiology is con-
cerned; there are, nevertheless, many arguments in favour of the first
alternative, and these should be discussed in detail, bearing in mind

differing local situations.

2+ Activities which chould be subject to special medical supervision

2.1~ The present BEuratom directives establish the principle of
compulsory individual medical supervision, carried out by authorized
medical officers, for 'occupationally exposed' workers who, in a
‘controlled area', may be subject to an overall irradiation dose of
over 1.5 rem per year; 'certain grours of people' on the other hand,

are exempt from this compulsory supervision :

a) occasionally exposed workers;
b) workers exposed to a risk below 1.5 rem per year;

c) persons usually working within a supervised area.
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For these 'special groups', as we know, physical supervision
only is prescribed, According to the present standards, the basic
condition calling for compulsory medical supervision is thus related
to the ambient environment, since it is linked to the performance of
work in a controlled area. However, the definition of what constitutes

such an area is not altogether satisfactory.

On the other hand, in the draft amendment to the Commnity
directives on radiological protection which the Commission has
recently addressed to the Council of the Buropean Communities, the
classification of workers is based solely on a quantitative evaluation
of the risk without reference to the working environment or the
duration of exposure. Article 20 of this draft in fact considers
'any worker liable in the coursé of his work to receive more than
Y10 of the annuel maximum permissible doses' (MPD) as 'exposed to
ionizing radiation', irrespective of whether the exposure is
'occupational' or 'occasional'. Depending on the type or risk, the
workers are then divided into two categories, A and B, according to
whether or not they are likely to exéeed 3/10 of the annual MPD.
Fedical supervision is prescribed for both categories, but must be
carried out by authorizedlmedical officers only for workers in

category A.

2.2— Analysis of the risks éctually run by each worker is of
prime importance in the new draft Community directives, where the
problem is regarded in a way that is entirely in keeping with the
general principles of industriel medical practice. The following

requirements are laid down @

a) a knowledze of the place, equipment and operating conditions
for the various kinds of work, with particular reference to

the tasks assigned to each worksr;

b) an examination and assessment of devices and methods for

protecting workplaces and individuals;

c) the collection and interpretation of data relating to the

monitoring of the various ambient hazard factors.
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In standard industrial medical practice, these tasks are usually
the responsibility of the works medical officer who can call upon an
expert to carry out surveys and special measurements (e.g. of the
chemico-physical characteristics of powders, the chemical composition
of toxic gases, etc). This sort of collaboration is becoming more
specialized and therefore more important, with the increasing complexity
of modern technology. The professional quality of the work of the expert
assisting the industrial medical officer is thus becoming more apparent.
The importance of surveys and measurements of the ambient environment is
now so obvious even to the general public in the context of present—
day industrial health, that there is frequently a tendency to give the
expert exclusive responsibility for industrial health, while the medical
officer is left to deal with preventive medicine and prophylactic
vaccination. This idea is hotly disputed — at least in our country —
not only by scientists, but also by workers' organizations, which
regard medical officers as the only persons in the health and hygiene
field capable of assuming complete responsibility for health. Arguing
from that premisz, it is clear that the industrial medical officer
must know and be able to assess the individual tasks and occupational
risks of each worker from the aspect of prevention and health protection;
he must also be zble to give an opinion on the standard of environmental

and workplace hygiene.

243~ Specific Community Safety standards, which now appear in all
national legislation, define the professional qualifications and
authority ol experts in the épecialized field of radiological protection.
The new draft European Community Directives, which are however open
to amendment, define qualified experts very precisely as 'persons having
the knowledge and training needed to carry out physical and/or technical
tests, to carry out radiotoxicological tests, and to give advice in
order to ensure effective protection of individuals and correct
operation of protective installations and whoss capacity to act in
this respect is recognized by the competent authority'. This shows
quite unambiguously that ambient and dosimetric monitoring come within
the field of the qualified expert. The problem arises when it comes to
the assessment of risks and the corresponding classification of workers
in categories A and B already mentioned. As the standards do not make

this point clear, it should be established in practical terms whether

this sort of classification is to comes exclusively within the scope
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of the expert or whether it should, at the very least, be worked out

jointly by the expert and the medical officer.

One or two further points should be made in introducing this

first subject for discussion.

a) A quantitative estimate of the risk of exceeding 3/10 of the
annual MPD can be achieved fairly easily in the case of external
exposure but is definitely more difficult for radioactive con-
tamination. We know that in the second case, secondary or
derived standards such as maximaum permissible concentrations
(MPC) must be usad, but these can be applied with accuracy
only to individuals who fit the ICRP description of the

"standard man" as far as possible.

b) It should be established whether this kind of risk assessment
for dividing workers into categories A and B should take into
account protection afforded by' personal protective equipment
(e.g. masks, gloves, etc.), or only that provided by stationary
environmental protection devices mounted in a fixed position.
Experience has in fact shown that the protection provided by
individual or easily portable appliances is unreliable as a

result both of technical deficiencies and human error.

¢} Quite apart from the risk factor, medical supervision of the
category A type, i.e. supervision carried out by authorized
medical officers, might prove nescessary, at least in nuclear
centres, in order to assess fitness for specific tasks or for

the use of special protective devices.

3. Avthorization of medical officers resvonsible for medical

supervision in the fisld of radiological protection

3.1~ According to the Buratom directives, the legal gualifications
of the authorized medical officer responsible for medical supervision

in the field of radiological protection are based on two requirements:
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qualification and authority. Recognition of these basic qualities and
the subsequent guarantee of freedom to practise are the responsibility

of the relevant authorities in each country.

3.2~ An examination of the conditions governing the first
requirement - qualification - in each country might be useful.
Information can bs exchanged on them during the discussion following
this introduction. In italy, the 1972 law relating to this question

lays down three conditions:

a) (post—doctorate) professional practice during the past 3 years

at least;

b) a specialist diploma in industrial medicine, radiology or nuclear

medicine, or equivalent experience of industrial medicine;

e) a special probative examination to be taken before a national

committee.

The authorization is subject to a S5~year review, when documents
providing evidence that the authorized medical officer has practised

during this period must be submitted.

Apart from the qualifications required for these doctors in each
country (i.e. diploma in industrial medicine and/or supplementary
examination in radiclogical protection), another important subject
should be discussed; should the individual Member States make independent
decisions about the scientific and professional knowledge which the
authorized medical officer is expected to have, or should the Community
produce special directives or at least recommendations? In the latter
case, an analytical list would have to be available giving the subjects
with which the authorized medical officer should be familiar, with an

indication of the standard required {e.g. working knowledge of dosimetry).

3.3~ The second requirement for our consideration is the recognized

professional authority of the authorized medical officer.

The word 'amthority', which is controversial today in every field,

should be taken to imply that the opinions of the authopized medical

’
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officer are official and, therefore, compulsory for both employer and
worker. In the first case, these opinions are basically concerned with
the aptitude of workers for specific tasks and in the second, it is
the medical officer who decides on the type and frequency of the
clinical and supplementary medical examinations to be carried out

(specialized, radiotoxicological, spectrometric, etc.).

One important problem which has perheps not yet been adequately
discussed is the position of the authorized medical officer in the
medical world or in relation to the use of ionizing radiation for
medical purposes, It is necessary to specify whether his activities
are restricted to protecting exposed workers (doctors, nurses, radio-—
logists) or whether they also cover protection of the patient and the
general public. As we know, the second problem is a matter of considerable
concern in the field of radiological protection today, where the aim is
to reduce 'unnescessary risk' as far as possible, particularly in relation
to genetic effects. The authorized medical officer obviously cannot be
given the same authority in this field as when he is supervising workers
and must, therefore, be restricted to giving 'advice' and not 'orders'.
In other words, his job should be to make medical colleagues (general
practitioners, radiologists, dentists) aware of the situation, and this

should be achieved with the close cooperation of a qualified expert.

4. The extent of the medical examinstion

4.1~ The ICRP recommendations in paragraph 121 of edition 9, 1965,
get out the following principles : 'The assessment of health, both
before and during employment, is directed towards determiningz whether
the health of the worker is compatible with the tasks for which he is
employed. The type and extent of the surveillance should be essentially
the same as in general industrial medical practice and should include
both pre—employment and routine examination, the frequency of the latter
being determined mainly by the individual's general health and the
conditions of work. Workers whose exposure may exceed 3/10 of the
Maximum Permissible Dose may require more detailed surveillance to
provide a background of information which could be useful in the event
of a serious over—exposure, and to detect any conditions contra-indicating
employment on specific tasks. Provisions should also be made for any

necessary tests and examination on individuals referred to the medical
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1l
officer under the terms of paragraph 102 (accidental exposures).

This paragraph has been quoted in its entirety because it seems

to covir the main aspects of the problem,

The first point is the choice of the type and frequency of
examination, which should be based on clinical considerations and on

the occupational risk involved.

The second point is the aim of special examinations for radiation

risks, which might be summed up as follows:

a) assessment of ability for specific work (i.e. whether the
general health of the worker is compatible with the risks

attached to the workplace);

b) documentalion on the background of the subject examined -
this is useful in cases of accidental exposure (for both

diagnostic and forensic purposes);

¢) assessment of fitness for specific tasks, presupposing the

use of special protective clothing.

The occurational hazards due either to radiation or to other
harmful agents must be investigated on an individual and overzll basis,
with specific reference to the ICRP recomnmerndations on 'general in-

dustrial medical practice'.

4,2- Ve are, however, concerned here not so much with discussing
the guiding principrles behind the objectives of routine or special
preventive medical supervision,as with making a critical study of the
objectives themselves. The problems which deserve our particular

attention seem to be the following

1) The advisability of providing authorized medical officers with
general information on the type and programming of the examina-
tions required in the most common cases. This applies to both
routine examinations and examinations carried out after accidental
exposure, particularly where risx of radioactive contamination is
concerned, This information should also eover basic technical
details, so that methods can be brought into line and results

compared. There are three types of examination for consideration:
'
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3)

-18 -~

a) Clinical, specialized and biological;
b) Chemico-physical (radiotoxicological);

c¢) Physical (whole-body counting).

The list of unsuitability criteria for the pre-employment
examination, routine examinaticns and examinations after acci-
dental exposure, These criteria should, of course, relate to
both the interpretation of the examination results and to the

assessment of other factors (psychological, socio-economic, etc.).

The need for the content and programming of the medical examina-
tions chosen by the authorized medical officer to be brought

inte line with those provided for by other public health ser-
vices in the field of preventive medicine and the early detection

of cancer,

It will be very interesting now to hear our colleagues' opinions

on these three points and on the other probléms mentioned in this

introduction.
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DISCUSSION

Dr JAMMET (France)

I should like to thank Dr Strambi for his paper on various aspects of
the practical organization of medical supervision, and to open the discus-
sion on the three points tackled. Iet us begin with the first point, that is
the identification of activities which should be subject to special medical
supervision. The question is, how should activities involving a certain
risk be classified, and how should workers be classified? Should we take
account of individuval protection, rather than just collective protection,
or not? Who should be responsible for classification? Works doctors, quali-

fied experts, the authorities, employers, or some other party?

Dr GIUBILEQO (CEC)

We feel that employers should be responsible for the classifioétion
of work involving occupational exposure to radiation, and for the classifi-
cation of exposed workers. Employers should draw up lists of workers exposed
to radiation (with a 'contamination sheet' for each worker) and give these
to the approved medical practitioner, who should then decide on the medical
supervision required by each worker. Doctors must however check that the
documentation corresponds to the real situation (insofar as this can be
assessed from the worker's medical history and site inspections), and doctors
should ask for workers' records to be amended or updated, after consulting

the qualified expert if appropriate.
Dr BONNELL {(United Kingdom)

The Electricity Supply Industry in the U.K. produces ty nuclear power
about 15% of the total electrical units. There are over 6,000 radiation
workers employed by the Central Electricity Generating Board and the South
of Scotland Electricity Board in totale.

Radiation exposure is merely one factor amongst the requirements for
the health surveillance of workers. I am concerned with the proposal which
suggests that special examinations by specially trained doctors are required.
What special examinations? What are the special qualifications which are

required of the examing doctor?
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I suggest that persons may be certified fit for exposure to ionizing
radiation who are totally unfit for carrying out job of work whilst some
being exposed. There is no contra-indication to the exposure to ionizing
radiation of persons suffering a pulmonary or a CU disease, but such persons
would be quite unsuitable for boiler inspeétion at power stations. It is
the job that matters not the ionizing radiation; for these reasons we believe
that a properly constituted medical service, composed of nurses and doctors,
should review and interview radiation workers some of whom may require
medical examination. In addition it is vital that any person who asks to see

the doctor has the right to do so: i.e. there should be an "open-door" policy.

The main problem arising with the work force is anxiety caused by
the widespread propaganda about the terrifying effects of small doses of

ionizing radiations; we as doctors should not compound this fear.
Dr FABER (Denmark)

As regards the type of doctor engaged as a "physician" Dr Strambi
has proposed three types of background. I can accept industrial medicine as

2 background in the nuclear industry.

In hospitals, radiologists instructed in muclear medicine are
suggested as being the most suitable. I have reservations about this; it
could well result in them examining btoth themselves and other members of
their working group. It would be preferable for such examinations to be
carried out by a doctor nct involved in the use of ionizing radiation in

the same hospital.
Dr McLEAN (U.K.)

In considering the conditions under which doctors may be approved
it is important to bear in mind that radiological protection necessarily
embraces mony disciplines in addition to medicines I believe that the re-

quirements of a physician in this field are, in order of importance :
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1. Good, sensible clinical ability;j
2. Experience in occupational health;

3. If possible, experience in radiology.

He requires no academic gualification other than a degree in
medicine and the best way of acquiring knowledge of the requirements
of radiological protection is by practical experience "on the Job"

over a period of 6-12 months.

Dr RECHT {CEC)

Although I am in no doubt as to the qualifications of the
English doctors accompanying Dr lMcLean today, I should like to ask him
what exactly is meant in his country by 'appointed doctor'? What is
meant by the 'appointed doctor' responsible - in our translation,which
mzy be slightly in error, it is taken to be’ equivalent to the 'médecin

agréé' or approved medical practitioner.

Dr McLEAN (U.K.)

The appellation arises entirely out of the demonstration that he
is capable of assuming the responsibilities. It is in no way related
to the fact that he is required to have certain academic qualifications.
It is = matter of showing by experience that he is responsible ard

reliable.

Dr GIUBILEC (CEC)

The fact that the doctor is approved should be confirmation that
he is capable of assuning his responsibilities. For this he will need
extensivé experience in industrial protection of workers and a good
knowledge of radiation hazards. The differences between the qualifica-
tions required in different countries is due, in several cases, to the
different stress lai¢ on occupational medicine and radiation pathology

in university courses on general medicine.
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Dr JAMMET (France)

In my opinion, good doctors with sufficient knowledge of public
and occupational hygiene, and basic training in radiation protection,
are capable of doing this job and being approved. But I should like to
comment on Dr Faber's statement‘— I do not think it is normal for the
doctor responsible for medical supervision of workers to be the same
person as their boss; in other words, a hospital radiologist should

not be responsible for the medical supervision of his owr staff.

Dr STRAMBI (Italy)

The problem of approval of doctors is linked with that of their
training. The main thing is toemphasize the need for specialized
training leading to a proper qualification in occupational medicine
and hygiene and radiation protection, and thus to approval by the com-
petent authorities. Doctors with this training would then be able to
practise on the basis of identical criteria and to draw up harmonized

programmes on fitness for work, for example.

Dr RECHT (CEC)

Our ideas on this point have developed with time. The experience
of experts in radiation protection is most valuable, and the entry into
the Community of countries with different traditions and‘different
systems and practices in occupational medicine has given _us food for
thought., The definition of the approved medical practitioner in the
revised Standards simply means that the doctor responsible for medical
supervision of workers exposed to radiation must be acquainted with the
principles and methods of occupational medicine and have fundamental
and adequate knowledge of radiation protection, This is the basic mini~
mum, but it does not mean that the works doctor cannot obtain this
basic knowledge of radiation protection 'on the job'., The Stardards do
not stipulate that specialized training is required. Some countries,
for example Belgium, have instituted this type of training; in Belgium
trainee doctors can attend courses in radiation protection, followed
by a special examination, and they must be approved before they can
work in & nuclear installation. This I think is preferable. Doctor

Létard reminded us that the doctqr belongs to a multidisciplinary team,
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and if he is to play a satisfactory role in this he must have some
basic notion of, for example, the units used in radiation protection,
dosimetry, and radiation pathology. Without this knowledge the doctor
will be unable to give a valid opinion on measures to be taken for
medical supervision of workers in rormal and accident conditions, and
he will run the risk of being a mere figurehead., In radiation protection
the clinical aspect is not the most important one. We know that the
levels of radiation normally encountered in the course of work in
nuclear installations cdo not cause lesions which cen be detected by
the doctor or the clinic. But this is not cerntral to the problem and

I think there has been enough discussion on this point. Can we assume
that there is general agreement on the wording of the Basic Standards,
which state that an approved medical practitioner must have special
knowledge in the field of occupational medicine and radioclogical pro-

tection?

Dr MOZHIRLE (FRG)

ly cpinion, after 14 years of radiological practice, is that
the approvsd doctor muut be able to shoﬁ that he possesses knowledge
of occupational medicine and radiatiocn protection in order to be
approved, as the proposed Basic Standards indicate. He must possess
knowledge of occupational medicine, because medical supervision of
occupationally exposed persons overlaps to a great extent occupational
medicine., He must possess specialized knowledge of radiological pro-
tection for the specific reguirements for the job. As well as this,
in accordance with art. 25 of the Basic Standards he must have suffi-
cient knowledge to at least initiate first-aid measures(internal or
externel decontaminztion) in the case of over-exposure, and other
emergency measures. The approved doctor will need special training if

he is to be guslified for all these duties.

Dr POLVANI {Italy)

I would like to make a comment on the meaning of the 'approval!
the physician undergoes at present in the field of radiation protection
(approved physician, médecin agréé). The approved physician is a medi-
cal dcctor whose specific training and role have been recognized and

'approved' by the competent authority.



Let us consider the training first. As Dr. Létard and.others
already pointed out, it is necessary for the occupational physician
engaged in radiation works to get a general knowledge of some technical
aspects of the plants and installations and in the operations involving
the presence of radiation and radioactive substances, in addition -
obviously - tothe specific knowledge in radiation protection, radiation
pathology and radiotoxicology. This wide training is the ground for a
good participation of the physician in the occupational hygiene teams.
In 1958 the common opinion was that such training was something special
not obtainrable by the occupational physician in the university pro-
grammes,This is one of the reasons why the Directives stated that a
recognition (approval) given by the competent authority is requested

for this group of physicians. We vere then aware that an approval was
not reguested for physicians dealing with other working risks, and

that the ‘approved' physician represented something rather peculiar,

At present the situation has evolved in some countries, and the question
becomes the following : in the interest of the health of radiation

workersy is it useful or not to have 'approved' physicians?

Let us now consider the réle of occurational physicians. In the
fifties in certain countries the occupational physician was partially,
under some aspects, a kind of advisor to the management, for the goals
of the latter. In recent years, and particularly in certain countries,
the prevailing opinion is that the occupational physician has a kind
of 'public' role in evaluating situations and medical matters, under
the viewpoint both of the worker's health and of the public interest.
It might be useful for the physiciazn to be recognized {approved) by
the competent authority, especially in order to gain an adequate posi-

tion, role and autonomy enabling him to fulfil his tasks.

You see, Mr. Chairman, that I am not suggesting any solution or
change of attitude. I only wanted to stress some aspects of the pro-

blems under discussion.

Dr JAMMET (France)

We have just heard the case for approval of the doctors respon-
sible for medical supervision; I think it is generally agreed that this

type of approval is necessary. But there are some differences of opinion
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as to the requirements for this approval. Although the situation varies
from country to country, we must not forget that the worker‘wants to

be supervised and treated by a good doctor, a competent doctor, and a
doctor who has the necessary knowledge to fulfil special functions
connected with radiation exposure. The requirements for approval must
be such that, given the educatiénal system of each country, there is

a guarantee that the doctor has this degree of competence. The autho-
rities have an obligation to guarantee the doctor's competence and this
can only enhance the authority of the medical profession in this field,
in dealing with employers, workers and with other qualified experts in

the field of radioclogical protection.

Dr STRAMBI (Italy)

The opinions issued by the approved doctor are authoritative and
therefore binding on employers as well as workers. They are binding
because the Basic Standards state that no worker may be employed in
work involving occupational exposure to radiation risks if the approved
physician opposes this. His opinion is authoritative and thus apparent-
ly indisputable. Here another problem arises - that of the position of
the approved doctor in & hospital environment, where the doses received
by patients and medical staff are much higher than those likely to be
received by workers in the nuclear industry. At present everyone is
trying to cut down doses, especially the population dose. I think it
would be useful to give a better definition of the role and duties of
the approved doctor in the hospital environment. Must he give opinions
or simply advice? In what way should he collaborate with radiologists

and health physicists?

Dr MIRO {France)

It would indeed be desirable for gualified doctors to give advice
to those of his colleagues who use radiological methods as to the dan-
ger of repeating certain types of examination. But this would be bound
to lead to a storm of protest on the part of our colleagues~because it
would of course amount to direct interference by an expert in the
doctor's freedom of treatment. We must, therefore, make the doctors
using ionizing radiations more aware and better informed of the danger
these entail for patients and ask them to exercise a certain degree of

restraint in the treatment they use.
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of over-exposure. Are there any fitness or unfitness criteria based

on factors other than the therapeutic contra-indications in the event

of an accident? The conclusion I draw from this is that in your opinion
a person subject to the standards carnot be considered unfit in any
circumstances. This is an important poiht. The Director of Health
Frotection and myself must assume -~ and I shall report this to the

ICRF - that in the opinion of occupational physicians there are no

criteria of unfitness for workers.

Dr STOTT (U.K.J

Your conclusion is absolutely right, Mr. Chairman, that this
audience apparently cannot provide criteria for exclusion for radiation
work other than the suggested one that a person may not respond to
treatrent in the accident situation. JHowever, I would like to hear
from the members of the group who drew up the draft directive what
they had in mind for the list which member states are reguired to

compose.

Dr FABER (Denmark)

I remember the meeting in Stresa where the same problem as today
was in the discussion. It was suggested that persons with a low constant
level of lymphocites should be excluded from radiation work. Is any-

body still using this criterion?

Dr FAES (Belgium)

In my opinion it is quite inadequate to restrict pre-employnment
medical examinations to the criteria which show whether the patient
can tolerate the treatment required in the event of an accident. Ve
must take account, among other factors, of biological criteria which
if they deviate from the accepted norms even before exposure to ra-
diation, are of no value whatsoever when it comes to assessing radia-

tion damage in the event of an accident.
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Dr RECHT (CEC)

It is true that we have been discussing this problem for a very
long time and I should like to thank Dr Faber for reminding us of this.
e came to the conclusion that it was not possible to draw up a manda-
tory list of contra-indications for radiation work. We still take this
approach, but radiation work nevertheless imposes certain restraints
which are quite normal. What medical criteria shouléd be uséd to assess
the fitness of individuals who have to wear protective suits or masks
for their work, or who work in glove boxes? There are some particular
contra-indications for this type of work, such as pulmonary, cutaneous
and psychiatric conditions. Although these contra-indications are not
connected with ionizing radiaticn, they do nonetheless exist. The ap-
proved doctor must be more than a mere figurehead and must be a fully-

fledged occupational medical officer in the widest semnse.

Dr JAMMET (France)

So thesc problems are to be considered in the wider context of
the worker and his fitness for the job. Ionizing radiations are a
particular case, and one which is quite rare in occupational medicine,
of pollution which is almost perfectly controlled. Once the irradia-
tion or contamination limits are observed, it is obvious that unfitness
for exposure to radiation as such, within these limits, will only be
found in exceptional cases, as normally healthy people can be subjected

to radiation within these limits without danger.
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HEALTH CARE DURING REACTOR SHUT DOWN
FOR MAINTENANCE, INSPECTION AND
REPAIR OF NUCLEAR POWER PLANTS
IN THE NETHERLANDS

H, Wigjker

Summar

The health care for workers in power plants has medical-biological aspects
and physical~technical ones. It requires a close collaboration between

the medical doctor and the health physicist.

A combination of prevention, supervision and checks provides an optimum
health care. It includes plant design, medical examination, whole body
counting, radioiogical passports, dose reserve calculations, dose

measurements, radiation supervision services, physical and medical checks.

The discussion of the subjects comprises organization and experience in
the Netherlands.
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1. Introduction, Cooperation hetween the Medical Doctor and the

Hea}th Physicist.

It was with great hesitation that I accepted the honour to present a paper
at this colloquium as the main subject is ‘medical supervision. I am a health
physicist and not a medical doctor. But the organizers convinced me that

the subject they had in mind for me, also has many physical and technical
aspects. It concerns the care of health for all those people wﬁo are

involved in maintenance, inspection and repair of nuclear power reactors.

The health care is partly medical~biological but mainly physical-
technological. A close contact between the medical doctor and the health
physicist is vital. This contact can only be fruitful if each understands
the language of the other and also his train of thought. Do not think this
is easy -~ the approach to solve the problems is quite different because

of the differences in the education of both disciplines. Therefore, it
will be clear that I consulted my medical'colleagues concerning their part

in the care of health, as discribed in this paper.

2e Characteristics of the Shut Down Situation,

The characteristics of a shut-down for maintenance, including refuelling,

inspection and repair where necessary, are ‘%

a) The great number of outsiders who work in the plant during the stop.

b) The high speed of work that is needed. It requires rapid decisions
from the staff in unexpected situationse

¢) The avoidance of unnecessary delay.

d) Probability of higher exposure and contamination.

e) Negligible neutron radiation, high beta radiation.

3, Prevention and Checkss

The health care is partly preventive, partly a check whether the preventive
measures worked as expected.'The preventive measures serve the‘purpose of
restricting radiation dose and radicactive contaminations as much as
possibls {i.e. physical—technical) and to limit the consequences of
unavoidable low doses and contaminations to the utmost (medical). To that

purpose, medical men and biologists set maximum acceptabel limits to dose
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and external and internal contaminations and the doctor examines the

radiation worker in advance.

The whole body counting to assess internal contamination is more a

physical measurement. Other preventive phjsical and technical measures

are the determination of the dose reserve obtained from the results of
individual monitoring and general and special instructions for the

working procedure. The latter are based on measurements of dosé rate and
contamination in the working environment. Together with the dose reserve,
the maximum time allowed to stay in a high radiation field can be determined.
After the work has been done, dose and external contamination are verified
and internal contamination is checked. The  physical checks are followed by

a medical check only then if strong indications exist, e.gs if the dose or

contamination is beyond the limits set up for it.

4. Total Dose and Dose Distribution.

As eaid before, during shut—down many more people than usual are exposed
and often to relatively high doses. Not only employees of the plant itself
but also many people from outside, among which a number of specialists,
such as inspectors and highly skilled welders, As the available number of
specialists of these qualities is restricted, it is clear that not only

on moral grounds the utmost care must be gi&eﬁ to restrict doses, but also

on practical grounds.

The plant itself has roughly about 100 employees — I restrict myself to the
situation in the Netherlands where the power reactors are both light

water reactors, a BWR and a PWR. During a shut—down of usually 5 to 7 weeks
many hundreds of outside people are involved in the work in the plant,
partly from contractors and special firms, partly from the central
laboratory of the electrical utilities in the Netherlands, which serves as
a manpower reservoir, particularly of specialists. Inspectors of the
Government also have to enter high radiation fields from time to time.

Table 1 shows the distribution of work amongst people of different origin.

It is clear that the total dose to all workers, expressed in manrem,
inherent to the exploitation of the plant, will increase at a much higher

rate during shut—down than during the period of reactor operation. A rough

v
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estimation indicated that it may differ a factor of 10 to 100 for different
situations, Measures to resirict the number of manrem for a certain job
have to be realised by the health physicists. It is, however, the
responsibility of medical specialists and -biologists to answer the question
whether this unavoidable total dose has to be spread over more or fewer

persons, though we, physicists, are eager to help them solve this problem.

If the dose~effect-relationship is a linear, without threshold, the total
chance of an effect is the same whether a certain number of persons get a
dose Dl each, or half the number receive double the dose (fig. 1). in this
case the manrem concept can be used to judge the risk. For many effects,
however, the real curve "dives" underneath the straight line and for these
effects the risk is lower if the total dose in manrem can be spread over
more persons. For such cases even a somewhat higher wvalue for the number
of manrems to perform the job can be accepted without }oosing the
advantage of spreading the total dose. This higher number may be caused by
a lower overall average workrate per man caused by the greater number of

starting and finishing worke.

The Buratom directives of 5th July 1974, are not in accordance with this
philosophy, anyhow as I see it. The first sentence of article 6 says that
the irradiation has to be kept as low as possible —~ I read this as a
minimization of the number of manrems — and that the number of exposed
persons has to be minimized -~ which means that the exposure of each

person involved in the job, will be the maximum permissible, Possibly this

will be a point for further discussion.

Se Medical Examinations

5el, Categories Involved

We have now considered the first point of the preventive medical care in
some detail and will go on to the second point : the medical examination
of persons who will start radiological worke. This concerns persons who
may be exposed to 5 rem a year or 3 rem a quarter to the whole body i.e.
the A category of workers following art. 20 of the Euratom directives of~
July 1974,
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In the Netherlands it has been agreed not to surpass this 5 rem in any
period of a year during routine power plant exploitation, including
maintenance. That means that e.ge the D = 5 (N-18) rule only will be used
in exceptional cases and when the necessity is accepted by Labour

Inspections

Table 2 shows in which case it is customary to have a pre-—employment
medical examination, to repsat it annually and when whole body counting
before and after shut—down is carried out. The question mark denotes that

the situation decides whether or not it is done.

Table 2. Pre~ and post examinations,
Medical examination Whole body counting
Category preoccup~ annual preoccup~ | after the
ational ational shut-down

A (5 rem/&ear)

frequently + + +

ad hoc + - ? ?
B (1.5 rem/year) - - - ?
5e2e Organization

The number of employees of a nuclear pover station, roughly around hundred,
is too small for full—time employment of a radiation doctor. But the
Government as well as a number of institutes and industries have medical
services with well~equipped centres and medical officers, specialized in
labour hygienes A number of these labour hygiene specialists have had a
special training in the field of radiation. Moreover, there are close
contacts between the services and hospitals when necessary. In some cases,
as for instance at the Kema, the radiotherapist of the hosPitai serves as
a specialist for radiation problems next to, and co-operating with, the
medical man of the institute. The advantage is that radiation problems

are daily problems of a radiotherapist; he has built up great experience
in this field. Of course he also has knowledge of radiation problems

beyond his hospital practice.
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Both nuclear power stations in the Netherlands have contact with a labour
hygiene service in their neighbourhood: Dodewaard with a university center,
whereas Borssele joined an industrial one, caring for 6500 employees of a
number of industries, This system of ad hoc solutions will - as we see it
now = be maintained when the numbér of nuclear power stations in the
Netherlands will increase, Furthermore, a close contact with the
therapeutical departments of the hospitals must be maintained, especially

for urgent cases after radiological accidentse

S5e3e Items of the Examinations

The pre-appointment medical examination is outlined in art. 31 (section a)
of the Euratom directives of July 1974. The main part of this examination
is the normal labour hygienic examination concentrated on the prospective
operationses This includes a history (anamnesis), a general impression of
pnysical and mental condition and a general examination, blood pressure,
urine, reflexes, eyesight etc. In the special case of a radiation worker
the blood smear is determined and countings are done. Special attention is
paid to the skin in connection with external decontamination and to mental
stability. As for the eyes, it is considered of less importance to map
cataracts in the eye~lenses as a part of pre-occupational examination,
especially in case of the activities during shut—down because there is no
neutron radiation in that case and the beta radiation can be stopped by
safety glasses. Only on indication, when eye-sight deteriorates, a more

intensive examination of the eye is carried oute

As for the blood the well-known series of determinations and countings
shown in table 3 are carried out. For acceptability a blood smear does not
require as a must that the number of each of these blood corpuscles
separately lies between fixed values. The smear as a whole and the
differential distribution are decisive and have to be judged by a doctor,

experienced in this field.

Annual reexamination of the blood does not serve the purpose to determine
the dose to which a person has been exposed — I assume exclusion of
radiation accidents ~ but to look at a gradual change, year after year, in
one direction or another, The automatisation in handling and counting blood

smears as it was developed during the last decade, makes the results more
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reproducible and reliable. Not too long ago the results between different
haematologic laboratories and even in one and the same laboratory, could
vary appreciably, but now the variations are, apart from thrombocytes,
greatly reduced. However, the human influence is not totally excluded. It
may play a part in taking blood samples. We separated the results of the
blood samples taken by medical analyst A from those taken by analyst B
(together about a hundred samples), We found two Gauss-curves with a

small significant shift, small enough to be of no importance, however,
Obviously, one analyst stung the needle systematically deeper in the fingers
than the other one did,.

Sometimes the medical pre-—occupational examination has to be cut down to a
minimum lower than indicated above. An example occurred this year, when
suddenly, on very short notice, about a hundred persons had to be chartered
from a number of firms and put into a rather high radiation field, up to a
few rontgens per hour, in order to clean the oﬁtside of the reactor core
vessel from the soot from a little pe.vec. fire and therefore, containing
chlorine, very dangerous for vessel corrosion. As it happened in the

summer period, the physicians already had to act as locum tenens for one

or more colleagues. So after the consent of the medical doctor of labour
inspection, the labourers were allowed to do the job as category A workers
under stringent work conditions after pre—occupational medical examination
restricted to anamnesis, general impression, mainly of the skin, palpation
of spleen, liver and lymph nodes, inspection of urine and leucocyte number,
The results of the countings of the other blood cells could not be obtained
from one day to another, but were taken in the file later on. Of course,
such a situation has to be considered as an exceptional, only accepted in

urgent cases.

6 Physical Examinations, Whole Body Counting,.

Persons, taken as employees for radiation work in nuclear power plant, are
initially measured in a whole body counter to determine the gamma emitters
already present in their bodies. In the Netherlands this is done by the
Radiological Service Unit TNO, an independant technical-physical research
and development institute, belonging to the Organization for Health
Research TNO, a semi-governmental organization. Here I restrict myself to

the whole body counters used for the power plants -~ those at the Reactor
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Research Center at Petten and at the academical hospital at Leiden are left
out of consideration. The resulis of the countings are fixed on paper tape
and can be used later on in case of low—level contaminations. The subtraction
of individual zero level spectra are especially of interest in the case of
quantitative determinations of nuclides with extremely low MPBB¥, However,
the important nuclides for internal contamination during a shut-down

(%%s, PBco, 5%

this counting sensitivity. Instead of large sodium~iodine crystals as used

0, 54Mn, 5le'), all activation products, do not require

by TNO, a solid state detector can be used. Herewith, a contamination of
1% of the MPBB can reasonably be measured for these nuclides. It has the
advantage of the higher resolution.

It is desirable that during a shut-down the whole body counter can easily
be reached by the radiation workers. As the Dodewaard power plant is
situated not far from the TNO whole body counter, there has not been a
problem until now. However, it requires half a day travelling from
Borssels to TNOC. And the same might be the case for the power plants which
are plamned in the future. Therefore, the nuclear power plant in Borssele
purchased its own whole bedy counter, which will be in operation next year.
Moreover, TNO is considering to procure a mobile whole body counter, with
which legal measurements can be made locally at the plant, Such a unit can
also be used for health physics and nuclear medicin applications in
hospitals. In that sit{zation all workers involved in shut-~down can be
measured in the whole body countér after the job has been done. Up to now,
only a representative sample was taken.

Te Radiation Supervision.

701. Organization

During a shut-down a large team of health physicists and radiation super—

visors is required, much larger than the plant cen provide. Some 20 people
for day and night supervision, and help, all the week through, during 6 to
T weeks continuouslye. They form the SCD, the Radiation Supervision Service.

Up to now, the reservoir of the extra manpower consists of the volunteers

from the KEMA employees, the Assistance Radiation Supervision Group.

* Maximum Permissible Body Burden



- 38 -

We use two levels of educatione The first level is the group of the well
trained members of the health physics teams. We call them the health physics
engineers, Second level is the group of radiation supervisors who get a

2 to 3 weeks training course and have to take only limited responsibility.
During shut-down they are the supervisors on the spot wic have to guard
the normal routines and to carry out the required radiation and
contamination measurements. They have their backing in ithe Tirst level
physics engineer for abnormal situations which require a higher knowledge
and experience. The health physics engineer can — if necessary - always

ask advice from the health physicist on academic level at the KEMA.

The health physics engineer is based in thg Main Entrance Supervision Room.
Bach person, who wants to enter the supervised zone has to pass this room,
Here the written working instructions for each person are listed and health
physics instructions are added, included those about the protective clothes
that have to be worne. As a rule, private clothes; including underwear, are

prohibited in the supervised area during a shut down.

Te2e Supervision
Te2ele Measurement s

- ans e e -

Each worker receives a pen—dosimeter and those who belong to category A
and partly those of category B — namely those working frequently at the

plant — wear also a filmbadge to assess legal doses,

Te2424 Central Dose Registration System.

- e em em mn e e e e e em we e’ -

This year, TNO has introduced a computerized dose-—data registration system,
especially on behalf of the electricity supply utilities. This system will
in future be extended to a national dose~data banke

Te2e3e Radiation Passport.

- em m e - em

It implies that each person who wants to start work in the supervised area,
and therefore has to pass the Main Entrance Supervision Room, delivers his
radiation passport to the health physics engineer. It shows the dose reserve
at the end of the last radiological job performed as well as the date of the
last medical examination. If the worker has forgotten to take his passport
with him to the plant, then the health physics engineer asks information

from the employer or frém TNO. If no passport has been issued to the
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worker, the health engineer provides him with one on behalf of TNO,

These passports stay in the SCD file as long as the owner works at the
plante At the end of this work the SCD fills up the passport and sends
it to the worker's employere. Each week thé Central Dose Registration
provides the SCD with a list of dose reserves of the people working at
the plant. ‘

Te2ede Dose_Reserves.

Two kinds of dose reserves are used, the legal dose reserve DR1 and the

working dose reserve DRW, which has been chosen 80% of DR,. So DRw =

0.8 DRl'

1

Pre-~planned doses for an individual never may surpass the working dose

reserve., The legal dose reserve at any time is s

for category A workers: the lower of 5000 « D - P/b.8 mrem as year reserve

end 3000 - D"~ P/0.8 mrem as quarter reserve;

for category B workerss the lower of 1500 - Dcy - P/b.S mrem as year reserve

and 1000 - ch - P/b.8 mrem as quarter reserve.

Here Dy and Dq are the legally measured doses in mrem received during the
last perdiod of & year or a quarter, respectively., It has been measured
by an authorized institute with a monitoring device provided by this

institute, for which the filmbadge is still in useo

P is the dose in mrem measured at the plant with the pen—dosimeter since
the time the last filmbadge dose became available, In the formula it is
divided by 0.8 to provide a safety factor for discrepancies with the

readings of filmbadges — not yet known at that time. Differences between

pendose and filmbadge dose are expected not to exceed 20%.

In order to simplify the calculations it was agreed to use the calendar
year (cy) and calendar quarter (cq) in the formula for category B workers

instead of sliding periods.

Each week the P-values are sent to TNO and the computer provides lists of
working dose reserves in which the last legal dose reserves are incorporated.

During the wveek, from day to day, sometimes for shorter periods, P is
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measured and P/0.8 subtracted so that at any time a safe preliminary dose
reserve is obtained, neglecting possible increments by changes during the

corresponding week, a year or a quarter ago.

There are plans for changing the individual monitoring system in the
Netherlands. TNO is studying to replace the filmbadge by officially issued
devices, based on thermoluminescence dosimetry. It offers the possibility
to read the dose at any moment in a short time by an automatic reader
system, developed by TNO. Then it is considered to replace the TLD pens
and filmbadges, now in use at the plant, by TNO-TLD-badges and to install
automatic TLD-readers at all plants for evaluation under supervision and
responsibility of TNO, which carries out calibrations and maintenance of
the equipment. Then the dose read at the plant can be taken as the legal
dose, so that the term P/0.8 in the formulas for DRl can be omitted.

Fig. 2 shows an example of legal dose reserve variations for a category A

worker,
8. Conclusions from Dose Measurements.
8.1, Dose Distribution,.

A1l the radiation workers being recorded in the Central Dose Registration
System, it is easy to provide information on total dose distributions via

the computer,

This year we had an exceptionally long shut-down of 21 weeks at the
Dodewaard reactor, because of very special repair on reactor vessel nozzles

during which the fire occured that I mentioned before.

This resulted in the abnormal high total of 630 manrem, 1/3 of which was
taken up during the short cleaning period after the fire. We have tables,
produced by the computer, showing in detail how this dose is distributed
over persomnel of plant and different firms, over the various jobs carried
out, over the groups of workers in the plant etc. From these tables we
gather the experience where the main doses come from,so that we can give
information to the designers where to make changes in the design, to obtain

a more dose~friendly plant.

.
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824 Dose Restriction and Plant Desiegn,

It must be possible to construct nuclear power plants with a total dose of
no more than about 100 manrem per year whereas the older generation of
reactors lead to 300 to 400 manrem per year, Of course, a plant in which
these dose restrictions are built-in will be more expensive. However, the
exploitation costs can be lower in such plants so that the total costs

over reactor life time has not to be higher (refs R. Wilson, Man-rem
economics and risk in the nuclear power industry, Nuclear News 15, 2, Febr.
1972, p. 28).

The feed back from this reactor experience to designers - and coniructors -
is only slowly developinge These problems can be considered as technical

problems in connection to health care.

e Medical Inspectione.

To finish my talk, just a few words about medical inspection after the shut
dowm, If no abnormalities have occurred there is no need for it. However,

a number of measures have been taken to cope with contingent casualities.
In the plants e.ge tablets or dosed solutions of KI are at hand to ingest
after an abnormal 1311 inhalatione Taken within one hour after the
accident this competitor greatly reduces the uptake of the radiocactive

nuclide in the thyroid.

The governmental medical service has distributed a guide for first aid
after radiation accidents. It contains lists of actions that have to be
taken urgently, lists of radiation specialists who can be consulted, lists
of hospitals capable to receive victims of radiation and contamination
accidents. A special case is the isolation ward of the academical hospital
of the university of Leiden. This hospital is experienced in nursing
isolation patients and a number of beds are reserved for victims who have
received a high radiation dosey higher than 100 rem whole body radiation.
A plan of action for admititance has been distributed by the director of

this ward.
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10, Conclusion. Cooperation between the Medical and the Health

Physics Services,

You will have noticed that I switched from medical to physical problems
and the other way rounde. It shows the necessity for the close cooperation

of both disciplines for the optimum health care of radiation workers.

Fig. 1. Dose-Effect Relations
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Elucidation.

Number of persons with dose I, is N1, saye Number of persons with dose

D,=kD  is N2=N%/k. So the numger of manrems is the same for both groupse
For the approximation of the linear dose~effect relation E12=kE11 so that
N2E12 = N1Elﬁ’ isee the total effect is the same for the same number of
manrems, independent of the dose distribution.

For the real dosce—effect relation E2 :>kE4 so that N2E2 :>N4E4. That means
that the total effect is larger if the same number of manrems is distributec

over a smaller group of persons,



Fig. 2. _Example of Dose-Reserve vs. Time
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Table 1.

P . . Other Health Medical Radiation
Activities - Inspection Repair Cleaning maintenance | advices examination § supervision
Worke;*s from:
¥
Plant itself + + + + + + +
KEMA (central lab + + + + + + +
electric utilities)
Contractors + + +
Special firms + + +
Government + +

+ work carried out by the group
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Ta.ble 3.

BLOOD SHEAR,

BESR (erythrocyte sedimentation rate)

Haemoglobine

Countings erythrocytes
leucocytes
thrombocytes

Differentiations basophils
eosinophils
stabs
polymorph granulocytes
lymphocytes
monocytes
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DISCUS3ICON

Dr LAFCNTAINE {Belgium)

I should like to thank Dr Wijker most sincerely for his well-
documented paper and to thank him, too, for drawing our attention to
the need for collavoration between health physicists and doctors. I
would add that workers are, after all, human beings and we must nct
forget the medical, that is human, aspects of the problem. I therefore

call for discussion of the topic of Dr Wijker's paper.

Dr FABER (Denmark)

In your discussion you mention that during normal shut down you
permit workers to work up to 80% of permissible whole year docse - this
is correct for category 4 workers - but how can you have category B
workers in a situation where under 'normal workinz conditions' you

work with a risk above 1.5 rem?

Dr WIJKER (Netherlands)

A5 a rule most people who work in the reactor plant during
reactor shut down are category A people., But suddenly some other people
may have to enter the plant to do some work in a rcdiation field as
for instance a photograrher or people from other firms who have to do
clean-ur work or to paint some pipelines. For these peorle we use an
upper limit of 0¥ of 1.5 rem. From a practical point of view we ex-
perienced it as very useful that such peorle are available from other
firms to do these jobs so that our own plant people keep more dose

reserve available for their dzily, often more specialist work.

Mr GABRIEL (FRG)
I should like to ack three guestions:

1. WYhy does Dr Wijker make a distinction between category A workers
and category 3 workers, although both grours are in effect exposed

to the same doses and thus to the same risks?
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2. Do you think that the 20% margin you mentioned for dose monitoring
nakes sufficient allowance for the possible effects of work in

non-homogeneous radiation fields?

2. The ‘'rzdiation rass' you shoved us does not give any information
on the holder's exposure as a result of medical diagnosis and/or
treatment, although these entail a significant risk. What is the

reason for this?

Dr FERNANDEZ (U.K.)

Dr Wijker has stressed the vital combination of the health
physicist and the doctor in controlling the health of exposed workers.
We in the Central Electricity Generating Board weould also add to this

team, the nurse.

In my opinion 805 of the assessment 6f a worker's health comes
from the history. The doctor visits the power station regularly but in
the day to day visit with the worker it is the nurse who regularly ob=-

serves working behaviour patterns.

1 remember being informed by a nurse of a worker who had an
uncontrollable hand movement - a tic of rubbing his eye. Because he

worked in a contaminated zone the health physicist and myself felt he

was unsuitable for the work,

iy reason for speaking is to stress the important role of the

nurse in helping to control the health of ionization radiation workers.

Dr RECHT (CEC)

It was never our intention that the A and B classifications in
the Basic Standards be applied once and for all, so that workers are
definitively classified as A or B for a range of activities exposing
them to ionizing radiations. A B worker can become an A worker if he
is liable to receive more than 1.5 rem per year. This means that any-
one can be used for maintenance work as long as he or she is fit for
work with ionizing radiations, and is subjected to individual dosime-

try and adequats medical surveillance.
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Dr LETARD (France)

In major mairtenance work on Electricité de France power reactors,
a minimum level of irradiation per head has been established. This
arrangement makes it possible, in the great majority of cases, to
avoid exceeding the maximum permissible quarterly doses, which is im-
portant from the psychological point of view. It also means that per-
sonnel at the nuclear power station are available for occasional minor

maintenance work.,

It goes without saying that tefore personnel start on any such
work they are subjected to the whole range of clinical and biological
examinations to determine their fitness; from the medical angle, for
radiation work. This arrangement has been used on several occasicns,

for example on the large site at 5t Laurent-des-Eaux a few years ago.

I would add that in these cases the works doctor is given very
precice information of the operations the work will involve and he

knows what tasks will be assigned to each worker.

Dr LAFONTAINE (3elgium)

You have just raised an extremely important roint, as many of
our colleagues here have a certain respoﬁsibility, as worxs doctors. I
should alco like to mention other responsibilities of a more general
kind. The decision to permit a certain degree of exposure is one which
should not be taken lightly, for we do not want to lay ourselves open

to criticism, justified or otherwise.
] J

Dr RECHT (CEC

We have found that there is a tendency, which is clearly shown
in the organization of mairtenance work at nuclear power stations, to
use unguzlified perscrnel on contract from outside companies. It appears
that these werkers are net subject to the same medical and éhysical
surveillance rules as power station personnel. Tnis has aroused the
concern of the Commission; surely it is quite unacceptable for there
to be differ=snces in the treatment of people exrosed to the same risks?

Is this fear justified?
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Dr BOHNELL (UK)

It is of the utmost importance that personnel who may be brought
on to power plants to assist in maintenance work should be subject teo
the same requirements, rules and regulations as personnel permanently

employed on site: and they must be seen to be so treated.

CEGB plants are naintained by power station personnel, but on
the occasions that contractors are brought in to carry out special
duties, the employer of these men retains the responsibility for
maintaining records and provides proof of the validity of these records
before the men are allowed to commence work on the plant. No short-cut
should be permitted for the sake of expédiency, otherwise rules will

fall into disrepute.

Dr WIJKER (Netherland)

I quite agree with what you have said, 'namely that there must be
no difference between dose limits for people frcm outside and those
for employees of the plant. Differences can only be made on category.
Therefore it is important that it can be seen in the plant from the
passport whether the last medical examination was done less than a
year ago. To that purpose the passport has to show a doctor's signature
or paraph and the date of the examination for the workers in the 5 rem
per year grouv, As I pointed out before we do not consider the 1 1/2
rem per year group as racGiological workers. ¥We consider them as a
special group out of the population, a smzll special group to which,
in certain cases, it is allgwed to receive somewhat more radiation
during their work in the plant. 4 dose higher than the normal maximun
permiesible nopulation dose can be motivated by two arguments, firstly
that the group will not include children and weak people unfit to do
the necessary jobs, and secondly that this special grour is a very

small group out of the population.

The case of a somewhat restricted medical examination I mentioned
in my talk is an exceptional case which could only have taken place
after a special consent of the labour inspection because it concerned
a very urgent situation. is there is always a certain medical responsi-
bility, the starting pgint in this case was the examination programme

the 5 rem rer year group.
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Dr HAZAURY (France)

French legislation covers all workers without any distinctions

as to their particular industrial sector.

At the CEA, our radiation protection services require all out-
side contract labour working in our plants an jobs involving a routine
risk of exposure to ionizing radiation, to be medically fit for ra-

diation work.

Dr MECHLLI (France)

The French regulations also apply to workers from private
compznies who come to give assistance or do maintenance work in a
nuclear power station, as well zs to power station personnel; befcre
they can work in a controlled area, they must have the required degree
of medical fitness, and thus to have undergone the appropriate medical

exanminations.

Dr NCEHRLE (FRG)

Dr Kecht has just described the situation in German nuclear
pover stations. I should like to make the following comment. Qutside
Jabour is used for repair and maintenance vork in nuclear power sta-
tions, but these workers are subject to the same controls as permanent
category A workers occupationally exposed to radiation. There are
cpecial safety regulations, laid down by the trade association, for
outside maintenance and repair workers, extending even beyond the
German regulations for nuclear resecarch, and these workers must also
be provicded with the radiation protection pass used as a matter of
course in nuclear power stations, which gives all cdata on radiation

protection monitoring and medical supervision.

Dr Moehrle has just told you about the surveillance arrangements
in the Federal Republic of Germany. I should like to point out, in
reply to the gquestion asked earlier, that it is rot up to the doctor
to decide how many people are engaged on repairs or maintenance work,
but there are several good, medically- founded, reasons for protecting

the permansnt pover station personnel from constantly high exposure.
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Dr HILL (U.X.)

The question has been raised as to whether it is botter to give
a small dose to a large nuuber of persons or larger doses to a smaller
number. Some years ago I was asked this question when maintenance work
was required on the Dounreay Fast Reactor wvhich involved penetration
of the biological shield.

I authorized eight persons to be exposed up to0.10 rems each
because these persons were familiar with the reactor and expert in
their speciality, so that the work would be completed in the shortest
poséible time. In the event no person received more than 7 rems and
the total man rem dose was about 5C man-rem. If a larger number of less
skilled persons had been employasd, the total dose might have been
almost doubed and in my opinion it is the total man-rem dose reguired

to complete the job which is the important factor.

Dr WIJKER (lNetherlands)

I should like to make one comment on the last remark. The total
dose in man-rem is not the most importent thing. The crucial point is
the total effect of that total dose. In reality this effect is not in
ratio with the number of man-rems in most cases. Therefore it is ad-
visible - and I especially wanted to stress this point - to spread the
total dose over nore persons if you have the opportunity to do so,
keeping ir mind that the total effect -~ or rather the total risk - may

be decreased by it.

Dr LAFOKTAINE (Belgium)

This problem is a serious one, as it could result in a tendency
to increase the number of category 3 workers. This attitude could well
exacerbate the genetic hazards, and I should like to hear the Health

FProtection Directorate's opinion on this.
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Dr RECHET (CkC)

The 1959 Basic Standards still in. force stipulsate that the ex-
posure of persons and the rumber of persons exposed to ionizing ra-
diation must be kept as low as possible. The new version states that
exposure of persons must be 'as low as reasonably practicable', which
shows that we are trying to pptimize radiation protection in this field.
we have to find a balance. The example given Jjust now by our British
colleazue is a logical one, as he stayed within the dose limit of 10
rem, the maximum dose which can be permitted at any one time over a
sirgle period of exposure. I should like to give an exanple of an ac-
tual case that occurred in an EDF power station. Repair work had to be
done at the power station, and the doctor responsible had to choose
between two approaches: allowing a small number of individuals to be
exposed to doses above 3 rem or exposing more people to lower doses.
This shows the high degree of precision and planning which went into
the organizatioa of the work. The doctor decided that it was preferable
to expose individual workers to doses below 3 rem, by increasing the
number of workers exposed. This new tendency, which is also found in
the Furatom Standards, seems to be more realistic, as it allows doctors
and hezlth physicists to make the best choice as to the number of
persons exposed and the dose they receive. At all events, the dose of
10 rem at any one time is still valid fcr each worker, as long as the
other regulations are observed. There is nc gquestion of damage or in-
jury. The most realistic approach is to examine each case according to
its merits, the particular working environment, and the circumstances

of the accident to be offset.

Dr LATCNTALINE (Bolgium)

This, I think, is a special case and it is most fortuitous that
we have chosen this topic of workers engapged in maintenance, iunspection
‘and repair work. In these cases, how often should medical examination
and inspection of medical records take blace?.Note that I emphasize
the differcnce between msdical examinations and inspection of medical
records. Do these take place annually? Every 6 ronths? Or every five

years? Dr lijker, could I have your opinior on this roint?
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Dr WIJKER (Netherlands)

The medical examinations are repeated each year for the 5 rem
per year group. As a rule a man is rnot allowed to enter the plants for
radiological work if the date of his last medical examination on his
passport is more than a year ago. If necessary mecdical examinations
will be done more often, namely if there are indications to do so. As
for the physical supervision the pen dose is read within short times
after the irracdi.tiors, each day or more often, whereas the legal dose,
measured with the film badge, is determined every fortnight or every

month - that depends on the organization giving this service.

Dr LAFONTAINE (Belgiwn)

This does give some indicaticn, although the medical examination
is linked with a calculation of the radiation dose. Nevertheless I find
it very difficult, as a doctor, to believe that only ionizing radiation
is significant here., It is rather like saying, in a different context,
that doctors should only examine patients with a temperature of more
than 27.5°C. It is not enough to consider only workers in the nuclear

industry - we must consider all workers exposed to radiation.






- 55 =~

THIRD SESSICH
THE MEDICAL FILE AND RECCRD OF IRRADIATION

Chairman: Dr. MEHL
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THE MEDICAL FILE AND RECORD OF IRRADIATION

Dr. Mazaury and Dr. Sarbach

I - INTRODUCTION

According to the Law of 11.10.1946 setting up Industrial Medicine

in France (1) a medical file must be kept in respect of each worker.

Moreover, French legislation (2) imposes heavy obligations on
the industrial doctor responsible for the medical supervision of staff
regularly exposed to ionizing radiations; these obligations apply, in
particular, to the number of examinations to be carried out and the

recording of medical files.

Indeed, it is a legal requirement (3) that the complete case
history of a worker occupationally exbosed to ionizing radiations, be
kept throughout the whole of his working life and for at least 30 years
after he leaves the industry. The medical file contains the results of
routine examinations and all clinical, paraclYinical, biological and
toxicological examination which are of vital importance for preventing
risks (industrial in general or nuclear} and for assessing the man's

suitability for his activity.

In short, medical files of workers in the Nuclear Industry must
meet rnumerous requirements. They must also present certain features

which are set out below.

(1) - Law of 11 October 1946
(2) - Decrees of 20.6.1966 and 15.3.1967
~ Orders of 18 to 24.4.,1968
~ Medical recommendations (0.J. of 8.6.1968)
(3) -~ Art., 30 of the Decree of 15.3.1967
(4) - Annex I of the Decree of 20 June 1966 'Fersonnes directement
affectées a des travaux sous rayonnements ionisants'

~ Workers directly assigned to tasks under ionizing radiations.
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II.- THE PRESENTATION OF THE MEDICAL FILE
l. - Clarity

The medical file has been complicated by the number of records
which it must contain and so the first requirement is that it should

be clear.

Its presentation should be such as to make searching unnecessary
and the doctor who consults it should immediately be able to pick out

the required information.

2. ~ Ease of handling

The updating of the medical file and the recording of results of
examinations as follow-ups to medical observation should present no

problems.

3. - Ease of reproduction

The medical file should be able to facilitate relations with the
attending physician; hence it should be possible to photocopy the

various records so that they can be sent to him.

4, -~ Flexibility

The medical file should be easily adaptable to each doctor's

personality and to each Nuclear Centre,

5. - Ease of revision

It should be possible to improve separately the presentation or

composition of each record,

6. ~ Comprehensiveness

'

The medical file should include full records relating to every

aspect of medical observation involved,including all files,
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III. - THE FORM ADOPTED FOR THE MEDICAL FILE

In order to meet the sum-total of these requirements, early in
1962 we designed a medical file in the form of a booklet with an index,
bound by a plastic cover, Since then the documents contained in it have

been regularly revised and at present it covers the following records:

l. - Pre-employment medical file

All the observations following the first medical examination
after recruitment including examinations by specialists, aptitude tests,
results of additional biological and radiological or other examinations

are recorded in this file.

2. - Personal record card
Gives information on :

- Civil status
~ Previous employment

- The employee's vocational training and career,

Source: Personnel Department.

3, - Employment and noxae medical record card
It includes the following records:

- Working conditions

- Specific duties

- Radiological noxae contamination
Non radiological noxae irradiation

- Sensory, motor and dynamic, and neuropsychic demands. Record
for the use of the industirial doctore.

Contribution from :

- The Head of Department

-~ The Safety Expert

- The Head of R.P.S. (Radiation Protection Service)
- The 1ndustrial'Doctor

Signed by the person concerned,
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L4, - Medical observation file

The purrose of this file is to record written medical information
by means of automated data processing. The file is in booklet form and
findings made during medical examinations can be entered in boxes

designed for that purpose.

The boxes are set out in such a way that medical observations
can be entered in words along with the coding required for data

processing,

A full description of the file is given later on.
5. - Record chart of absences due to illness and accidents at work.
6. ~ Summary card of X-ray examinations

7. - X-ray photography record card

This card is in the form of a cardboard frame in which the two

latest X-ray photographs 10 x 10 are inserted,

Thus the two latest photographs can be compared at any time,
8. - Biological record card
‘9, - Radiotoxicologic and spectrometric record card

10. ~ Irradiation record card

This card is of particular importance, since the industrial
doctor is accountable for the amount of irradiation to which the

worker is exposed,

The total amount of irradiation is made up of external irradiation
due to the monthly dosimetric films and internal irradiation as a re-
sult of possible internal contamination. The dose incurred is calcula-

ted and determined after every contamination incident.

Every contemination incident is described in detail on the back

of the record card. The overall total is updated each year.
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11, - Ophthalmological record card
12. - 0.R.L. record card

13. - Audiometric record card

14, - Cardiological record card

15. - Envelopes
These envelopes contain :

~ Special examinations: basic metabolism, specific examinations

etc.

~ Correspondence with the family doctor (G.P.)

16, - 'Archives' sheet

This sheet contains two jackets of microfilms each with 5 rows
by means of which all the case histories of filed records can be
classified.

IV. COMPUTERIZATION OF THE MEDICAL FILE

It is not hard to imagine the sheer volume which a medical file
will amass for an employee who joins the undertaking at 19 and works
in a controlled area for 46 years; furthermore, the medical file will
then have to be kept for 30 years after the retirement of the employee

concerned,

An enormous amount of filing must therefore be carried out: on
the one hand, the most elementary security measures oblige us to keep
records in duplicate in case of loss or destruction, and on the other,
records must be filed on a medium resistant to wear and the vagaries
of the weather. (In what state are we likely to find one of our present
files which may have been started 76 years previously?) Moreover, work
exposing to ionizing radiations is a relatively recent occupation and
it is still impossible‘to assess the full effects on the health of in-
dividuals. Therefore, we need to carry out a continuous theoretical

study which will lead to frequent consultation of all the data recorded
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in the medical file.

In the case of an individual, micro-film dosimetry is a neat
solution for keeping medical data in a small volume, on a reliable
medium; furthermore, the data are presented in an immediately visible
form and lend themselves readily to dupiication. However, this system
is unsatisfactory when investigations are carried out on a group of
workers, requiring consultation of a large number of medical files;

automated management is the only solution to this problem.

For this reason the medical file has been designed so as to be

readily adaptable to computerization.

Data processing is indeed the only way to double filing on a

safe, indestructible and compact medium.

Moreover, it is the ideal solution for recording epidemiological

statistics of our various categories of -workers.

The chosen system, developed from a study carried out at C.E.AX

VALDUC, is being put into general use within the whole of the C.E.A.
A full description will be given at a later date.

V. - MEDICAL OBSERVATION FILE

1. - Presentation

The medical observation file is in the form of a 22 page booklet
(21 x 27). The last 17 pages are divided into boxes for recording
medical findings. (Numbered 1 to 58).

The booklet can easily be inserted between the plastic sheets of

the document file. In theory there are enough boxes for the continuous

medical observation of a worker for half of his working life.
2. - Advantages

All the medical findings made during the employee's working life
(routine examinations, examinations on .return to work, voluntary examina-

tions, emergencies etc.) can be recorded in one type of printed book.

* Commissariat a 1'Energie Atomique - Atomic Energy Commission
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Pages 4 and 5 give a general survey of the worker's present and
previous employment,particular stress being laid on any marked inap-
titudes.

By consulting the cover page an overall view may be obtained

of the diseases detected which may require special medical observation.

To bring about the transition to data processing, a code is used
for examinations, medical observation, illnesses, occupational ethology
and medical decisions; the code is summarised in the end paper of the
file.

A large proportion of the space is reserved for medical findings.

Indeed, in traditional files the organs or systems to be examined

by the doctor are noted down in words.

This arrangement considerably restricts the space available for

comments.

We felt it more logical to use a code (in clear, in an abbreviated
form) to record this information, followed by a box, in which the
figure @ or 1 is to be written according to the result of the examina-

tion.

Example: DIGE: Digestive system

CARD: Cardiovascular etc.

If the doctor finds an anomaly in the system under examination
(hence figure 1), he can use the space below which is large enough for

writing his comments.

In practice, indeed, the doctor rarely has to enter comments for
more than three systems examined, which makes the spaces left opposite

other systems in the traditional file superfluous.

To sum up, the presentation of the file in booklet form has the
advantage of revealing at a glance all the findings made during the

employee's working life, in chronological order.
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%2, = Directions for use

The first page indicates the employee's identity and contains

his photograph along with a summary of important medical information.

The second page - the so-called end paper - indicates the code

to be used by the doctor. It can be readily consulted.

The synopsis of the following two pages forms a record of -the

jobs held by the employee in the undertaking.

Left page : Fcr marked suitability
Right page: Inabilities. The number corresponding to the box of
the file in which the judgement of inability was recorded should be

entered in the final column.

The following pages contain boxes for medical examinations and

findings. Each box has a number.

On the first line the name of the examining doctor should be

entered. On the second line :

- on the left the teason for the examination should be coded by
a number.

Examples: O7 : annual medical examination
05 : return to work examination after an accident at

work
On the right : the date
The two spaces below offer the following information :

~ on the left (left space) the results of the examinations

carried out as a minimum basic requirement

~ on the right (right space) examinations left to the doctor's
discretion.

The examinations to be carried out as a minimum basic requirement
have been studied and codified by a group of doctors of the CEA. These
examinations have undergone full analysis.

.
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Findings made during the medical examination should be. recorded

in two forms :

- Detailed form in which the doctor will write out in words his

findings if any (space left blank)

~ Coded form for data processing

GENERAL CODING PRINCIPLE

- = Examination not carried out

-| # |- Examination carried out and normal or NAD in comparison

L]

with the previous examination

Examination carried out and abnormal

A) ~ LEFT SPACE - Result of the basic examination

- There is an abbreviation (usually in 'clear abbreviated' form)

followed by a box for each organ or system examined :

Example: DIGEI ! (digestive system)

The doctor is the judge in this matter and he alone decides
whether he should put al QI or a Ill for an old chronic disease or a

sequela or a hereditary disease.

If he puts a‘ ) I he considers the disease stabilized and does
not think it necessary to draw another colleague's attention to the

system in question.

If he puts ll l he feels that a change, an aggravation or an
improvement is still possible, and that particular attention should be

paid to the system in question.
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Example : Stomach ulcer detected in 1973

1973 DIGE I ll

Medically treated 1974 - 1975-

1974 DIGE | 1

1975 DIGE l ll

The figure i lI indicates that the examination has been carried
out, that a pathological (or abnormal) symptom has been detected, or
that a disease already known has become worse or requires particular

observation of the system concerned.

The comments noted in words in the space left blank and if

necessary coded, should correspond, in theory, to this figurel 1 I.

B) RIGHT SPACE - Examinations left to the doctor's discretion

- Visual acuity right eye AVODl | _]as a 10th examplelo |8‘
~ Visual acuity left eye AVOGI l l as a 10th example |1| OI

- Ophthalmology OPHTI l ocular pathological symptom detected at

the medical examination.

Use the same code for the left space:
LI Le) o Lol

- PSYCI ’= (abbreviation for psychology) means: no psychological

examination has been carried out.

PSYCI 2] l: a psychological examination has been carried out, result

normal.

PSYC| ll = & psychological examination has been carried out,result
abnormal.

- Tobacco NICO | I 'number of grammes of tobacco consumed daily.
(One cigarette = 1 gramme)
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~ Alcoholism ETHYl Ialcoholism suspected

~ Sugar SUC'__J ~ Albumin ALBI I— Cytology CYT| ,

for departments which systematically carry out these tests at the

medical examination.
Same codingl I lgl or Il l as before

- Long X-ray examination IMTH (radioscopy, or radiography or X-ray

photography).

IMTH i l no X-ray examination carried.out.

IMTH IQ | X-ray examination normal or NAD in comparison with the

previous examination.
IMTHI 1 l X-ray examination abnormal. .

- Electrocardiogram ECGl l
- Audiogram AUDIl l Same coding

- Ruffier-Dickson RD‘ I

C) SPACE LEFT BLANK

Enter here comments arising from the medical examination. In

particular, write diagnosis 1IN WORDS.

D) LOWER SPACE
For coding :

1. Diagnoses made during the medical examination or arising from an
interview with the person concerned, the cause of the illnesses and

the stage of development (three possibilities) (WHO code).

2. Cause of accidents at work, or occupational diseases or other

accidents in accordance with the CEA code.

3. Number of days off work - if any.

L, Professional conclusion to be drawn after every examination.
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5. Medical directions given to the employee.
6. Sickness declarations.

Thus the last three lines are reserved for the coding of medical

findings, professional conclusions, directions and declarations.

This coding is essential to the storage by means of automated

data processing of all the information concerned,.

The description of the computerised medical file, the codes used
and the abbreviations will be included in a future publication which
we will gladly consider compiling within the framework of a symposium

organized on this subject by the European Communities.

Annexes:

-~ Recruitment redicsel file,
- personal record oard,
- employment and noxa medical record card,

- medical observation file,
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NOM : Née :

Prénoms : Sexe E E Situation de famille :

N6 o) e s wsse| |y L bl o]
Adresse :

NATURE, DATE, SEQUELLES DES AFFECTIONS, TRSITEMENT DE LONGUE DUREE, SEJOURS EN ETABLISSEMENTS SANITAIRES, HOPITAUX,
SANAS, HOPITAUX PSYCHIATRIQUES, CLINIQUES. MAISONS DE REPOS elc

AFFECTIONS CONGENITALES

MALADIES

ALLERGIES

INTERVENTIONS CHIRURGICALES

ACCIDENTS DU TRAVAIL 1P.P.

AUTRES ACCIDENTS

MALADIES PROFESSIONNELLES 1L.P.P.
Indemnisables Non indemnisables

Intoxications autres que les M.P

SEJOURS HORS DE FRANCE (Reqicns tropiraices - Gue tropieales)

SITUATION MILITAIRE Service Anng Auxiicve 1 Sursitaire 1) Exempté |}
Réforme (] Temporawe | Mcti? - Pension ! e
Definitive

NS PRHOEESTIMNELS

ACTIVITES SPORTIVES
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RADIODIAGMQSTIC : (Examens radiologiques - lesqemels, quand, motif) .

RASIOTHERAPIE : (Rayons X, Co 60, Radium, Radioéléments artificiels, etc )

ANTECEDENTS PROFESSIONNELS D'IRRADIATION OU DE CONTAMINANON :

ale derniére

vaccinalion Dates Reésuttats

™ T
Vaccinations DATES ~ MOTIF

SERUM
Varicle T Tuberculimgue

Diphténe .

Teétnos W

Polo

T.A.B. BCG TRANSFUSIGN

Autres

PERE ENFANTS (Date de Naissance)

MERE

CONJOINT

COLLATERAUX




r

[R—
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.. Annexe 1

APPAREIL LOCOMOTEUR
— Arthralgies ? l ‘ L_j_l_l
| Myalgies 2 b Poids
— Névralgies ? Ld ] rorce .
— Séquetles ? L...__J musculaire . Main Dte. Main Gche : L l | |
T R
ORL. ympans:
0.D-
— Audition correcte ? L. 6.
— Acouphénes 7 L 0.6
— Angines fréquentes ? | -
— Sinusites 7 L__] Rhinites 7 LoJ
— Epistaxis ? L.l Otorrhees 7L_..|
OPHTALMOLOGIE Prés Loin
L Fati ire ?
Fatigue oculaire ? L 0.0. [ I ” I
[— Sécrétions 7 L.l Couleurs :
|— Douleurs 7 L. 0. G. l_l_J L..L_J
PEAU - MUQUEUSES
— Allergies 2 LJ
— Psoriasis ? L......J
HEMATOLOGIE ET GANGLIONS Rate-
— Tendances hémorragies ? L..._J Gangtions
— Tendances écchymoses ? L__J
— Tendances adénopathies ? L_l
RESPIRATOIRE Auscultation pulmonaice C.V.
p V.E.M.8.
| Toux ? bd
Expectoration ? L TIFFENEAU
Dyspnée ? L_}
Consommation tabac g/|
CARDIO-VASCULAIRE Auscultation cardiaque ° Pouls
I
T A
|— Palpitations ? L_.J
— Précordialgies ? L.J Minim, L1 |
— Oedéme Mbres inférieurs ? L.
— Douleur & la marche ? l_J Maxim L_L_I
[— Dyspnée d'effort 7 (] Varices
ABDOMEN
— Hernie 7 L_J
(1) Répondre par (25 ou 1
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DIGESTIF . ]
GES DENTURE : GM]GM an PM[PMF Hafielnle PM’PM{GM GMH o oN
— Régime ’7L‘ i Gastraigies ? L_.._J ) L
— Pyrosis ? L_J
— Douleurs abdominales ? L.
— Appétit ? L..__J
|— Constipation ? ] € Gu
_ Diarrhée ? Ll xamen du foie.
— Hémorroides ? L
— Rectorragies ? [__1
GENITO-URINAIRE ORGANES GENITAUX -
— Mictions nocturnes ? Lod SEINS :
— Dysurie ? L.“_J
— Pollakwrie ? L.._j REGLES:
— Dysménorrhée ? L._]
— Leucorrhée ? L] GRrossesse
NEURO-PSYCHISME REFLEXES :

Tendineux
— Insomnies ? L]
|— Céphalées ? LJ Ocularres
— Anxiete 2 L] .

Cutanés
— Claustrophobie ? L._.J
— Vertige ? L Chvostek
— Perte de connaissance ? L_..J

TREMBLEMENTS :
— Crise nerveuse ? L._...]
— Irritabiité ? L‘J

ENDOCRINO-NUTRITION THYROIDE :
— Soif ? L..J Faim ? L.J
Lg

Frilosité ?

Spécialité Docteur Conclusion
TESTS POUR APTITUDES AUX POSTES PARTICULIERS
Caisson : Tolerance a i'oxygéne - Plongée :
Chaleur : Test d'efforts :

CONCLUSIONS DU MEDECIN DU TRAVAIL







Folio n"

{suite)
BIOCHIMIE
NOM INSEE
SANG
Prénom
Date de naissance Uree
A unque
Date de Glucose
Fexamen
Lipides totaux
N ezamen Triglycerides
Code Labo

Chotesterol

HEMATOLCGIE

Erythrocyles

Hematocrite

“emogiotine

CGM ~o

LEM

TGM Hb

Hei caocytes

Leucocyles

Py, hewro

JARINES

Protaines

Gluccne

Corps ceton

Sang

£H

OBSERVATIONS

T A

Signature
DIR. LAM.

-2L -

1 exauuy
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DOCTEUR 2 COCTEUR 3 ’
viste Ay movi Lt} Date viete ) Movi L1 Date
poxc L1t | avoo || AVOG J pon Lt 1] avoo |__| avoe 1]
TAL_]__I_L_JPOUL | 1 1 OPHT u PSYC [_J N 'POU[ Lt Jlopnt L.J PSYC L_J
caro L] toco L_J caro |_J oo L1

nico L_J ey L] meo Lo ) emv L]
rese L] coul_J rese |_J soul ]
oice [ envo || suc LJ asl_] ool oige || enoo |_J sue L asl_] ool
asoo ] neon || L L asoo L] nevr || L L
cent L) Tecu L] MTH £ce cent L tecu L] tMTH EC6
cros | _J ort L] avor | ro L_J aros |_J ort |_J auor L) o L |
DOCTEUR 4 DOCTEGR 5
viste ta movi 1] Date Viote ta Movt Lt ] Bate
poxe L1t | avoo |1 AVOG J pokg |11} AVOD ] avoc 1|
[\ IPO\JL Lo ¢ Jjoemr b d psve |_J ot g Jeow L_a g Jloenr [ PSYC Ll
caro | roco L1 L caro L wco L L

NICO ETHY nico | J o ey
rese L} seul ] rese L) sonl_J
oie L1 enoo || suc L asl_] ool ] e L] enoo || sue L1 asl ] cemold
asoo ] nevr L L L asoo L_J neur L] L L
cent L tecu L] IMTH ECG cent L TEGU L__J IMTH Ece
cros |__J ortl | avor L ao | ] cros | on L] avor L] ro L)

IMPRIMERIE DU CENTRE DE MARCOULE







N° DE CARTE DE SERVICE
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CONFIDENTIEL - SERVICE MEDICAL

FICHE DE POSITION

N° SECURITE SOCIALE

NOM JEUNE FILLE / M!E / MRE

DATE NAISSANCE I

| ADRESSE ICODE POSTALl

SIT. FAM,

ET
NBRE ENF.

OR

ACT. l

NATIONALITE

Annexe 2

| DATE EMISSION '

NUM%HO

SITUATION
MILITAIRE | OBLIG.

I CONJOINT I

NOM

PRENOM

DATE NAISSANCE DATE MARIAGE | C. | PROF. | N° CARTE |

ORIGINE : ACTIVITES PROFESSIONNELLES ANTERIEURES ORIGINE : FORMATION
QUALIFICATION EMPLOYEUR DATE DEBUT| DATE FIN |CODE PROMO] ECOLES - DIPLOMES
CARRIERE : AFFECTATIONS CARRIERE : CLASSEMENT e
DATE ETAB. DIR. DEP SERVICE SECTION | CODE STATUT CLASSEM DATE FiL |S/F|QUALIF. PROFESS
FORMATION PROFESSIONNELLE
NATURE | DUREE ORGANISME DE FORMATION
T

2

g

g

H

I

e

H

g

DERNIERE <
POSITION &G F e Loc. CODE_SERVICE 8
o

-

H

g

b

CMDLM 600
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T W VN T N N B | L4 3 1 1 Lot v I L
NOM - 17 prénom - lnitiale des autres prénoms N" carte service
\\‘\\\\\ NI
| IR R I S S | ST U RS K YN TR SO S SAEN S N SN AR CATEGORIE
Code Sigle | Code | Bat _|Piéce principaie] Autre piece | TRA\!AD EVR
employeur T ZUnité~ I - Lieu de traval — 1 =
Lo v b v v |y s A S T YO Y S ST WO NS SO S N N B

Exposé détaillé des fonctions -

Inscrire_horaire en clair

Numeros des postes occupés dans {'entreprise

Masques filtrants 0120

Travai! posté particulier
Permanences - Astreintes
Déplacements hors domucile

Travail a {'extérieur

Station debout prolongee

Poste de Sécunté

Conduite Auto

Conduite Poids Lourds

Conduite Automoteurs

Conduite Ponts Roulants

Condurte Grues

Manutentions

Chanuiers Souterrains

Traval dans les Egouts

Jardinage

Menuiserie

Blanchissene du Linge

Collecte des Orcures

0205

0206

0207

0211

0212

0213

0214

0215

0217

NOTA IMPORTANT :

Tenue Non Ven'llee 0121

Tenue Anti Sodium 0122
Tenue Ventlée 0123

App Respiratoire Autonome 0124

Travail Sous Air Comprime 0125

I EEEEEN

Travall en Hauteur

0220

Travaux Sous-Marins 0221

L

Tirs d'Explosifs Q222

Travatl sur Explosis 0223

B

Pompiers 0224 [
Prod Ahlment Restauration 0225 l _J
Boites a Gants 0230 [

Bnites a Pinces 0231

RERNN

Teiémanipulateurs 0232 l

Vision a lravers Hublots

—r
Lol

Ecrans Cathodiques
Decontamineurs 0235
Mecanographie

Standard Telephonique

0241

(242

Microscobe

Pour remplie celte fiche veudlers

vous procurer au Service Medieal dio Teaval

asutler {a notice expiicalive que vous pourrez

Basses Températures 0130

Hautes Températures 0131
Lumiére Artificielle 0140
Tabhiti 0141

Atolls d'expérimentations 0142

Autres Sites 0143

(CCLLECE

Travaux Photographiques 0243

Imprimerne 0244

Galvanoplastie

L

L

0245 [__I

Tirage de plans 0246 l__i
Soudure a I'Arc 0250 I____J
Soudure Autogéne 0251 u
Soudure Electronique 0252 [___j
Soufilage de Verre 0253 u
Meulage Polissage 0254 u
Manip Laine Verre ou Roche 0255 [___J
Pemnt Vernis par Puivérns 0256 l___]
Sablage 0257 L__l
Anmmalenie 0260 L__J
Electricite 0280 l___J
L |

THERIUERIE DU CENTRE DE MaRCOGLE
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i

ke

R . it G AL AT gt civefmo ittt i
- ' 'g CODE des EXPOSITIONS . 0 = Nulle ou Potentielle — 1 = Occasionneile — 2 = Fréquente, Habituelle ou Permanente
. E R Infra-Rouge ‘ Bases caustnques' Métaux sans HC Alicychques Alcools ‘Mahélesplasllque 3
k. 40501 1500 7300] Précis j 3500] 53001 7600]Thermoplast
b woJ R Ultra-Violet Chaux J Berylhum HC Aromatques Ether Ethylique Matiéres plastique:
9502 LJ 1501 2311] Poussiéres ‘__J 3800 L._J?s’di] L_l 7700 thermodurc.Lj
¢ Laser E ! Ciments [ Sodium metal ; Benzene l 1 Cétones { l Polyesters l 1
#0503 1502 2321 3801 5700 7720]
4 Bruit Métallordes Ac Chromique et Dér non fluorés Acétone Polyépoxydes
§] 05211 L—-—-I 1700 L——J 2402] Sels 4000 |des Alcanes 5701 LJ 7730 L—J
4 Vibrations et Silcium Nickel et Chioroforme Aldehydes {nsecticides
¥4 0527] outils vib L__J 1751 L.] 2440] cOMposes U 4003 LJ 5800 L_l 7800 [_.J
. Ultra-sons Amiante Nickel carbonyle Tetrachlorure Formol Maladies infect et
-‘.’ 0525} L—, 1753 L——} 2442 LJ 4004) de carbonel__j '5801] L_.J B300] parasitaires
"3 Poussires ; Graphite Charbon[ } Mercure Dér nen flucrés Esters sans
v 0700] vegetales 1801 2870 L——l; 4100 |des NcenesL...__.] 5000 prects ] ( l
}'4 Poussiéres Oxyde de carbone Plomb L_j Der non fluores i ] TnbutylphosphaleLJ l i
14 0800] Anumales L—J 1803 L_] 2890 4300] des Alcynes| 6407] 1
Halogenes Oxydes d'azote HC sans précis Trichlorethyléne Cyanures 4
'ﬁ 900 L-—] 1902 L—-J 3000 LJ 4302 l——--} 6800 L—-J ] L—-—J
Fluor Ammomac Huile de coupe Freons Amines aliphatiq
1007 ] L__J 1904 L.J 3008, - (3300 L_j 6900] et alucychq.L_.J L__I
Ac Fluorhydrique Anhydnde Lubnfiants Dér halugenes des| Amines
1002 ] L—-—! 2102] Sullureux L._J [3009] [___J 4900 |HC aromanqu 7000 Arcmahquesl___]*—“"‘ L_J
Anhydrnde Hydrogéne Goudrons et Brais  Dér_Nitrés des Diphénylamine
;@ 7200] organique Z105] _ suifure L—Jgoso non dﬁ"_?fL::J ,@1@591'&“?.“‘11~J 1042] L] 1 L
- A Acides minéraux Sulfure de HC Aliphatiques Pheno! Sihcones Uranium Naturel
41300 LmJ 2106] carbone L—J 3100 ‘_J 5201 !_j 7311} L..l 9601] [_-—J

CODE des EXPOSITIONS 0 = Nulle -— 1 - Potentielle — 2 Occasionnelle — 3 = Frequente, Habituelle ou Permanente

"ge X, v < 100 Kev X,y > 100 Kev L $ Purs n Purs Raynnnements Neutrons Neutrons Rapides
2 - ~— Y Multiples . Thermiques Protons
s Laret ain3l e o o i
Q [ L_J 0 Naturel 4T (] 238 1y L1
5507 . - 5707]
233 233
DK {9540] . IL..__J 9602] v L__J ] L__.J 9703] 5 P‘: L.._J
h Naturel U Oxyde enrichi sale
) g 9560 i L..—j:_g_mlﬂxy ° e :v: L__.' ] L_J 9704] ' LJ
2
) g [9530] i L—J Lgébgllmp em;cr’: lJ 7 L_J 3720 1 am L..J
244
~ 8 S O S s N S s N W B OO
— I L [ S B
| Lj — LJ | L__.j T L__J

OBSERVATIONS :
Le chef de Service Lingenieur de Seécurité Le responsable SPR L'Intéressé
SIGNATURE VISAS
NOM NOMS
DATE DATES
um | NE ST ke | vs | um jaiB| 8 col ro nelwe | B oLl se 0 AU | ORL E
L PLT T 4 I T TS ! il b
aef JAch [SESE T ny 855 [92p]| 3y (14 ¢ |30 Py RIS Y| S| PF | Th | Pu| Po | Ra | Am
RESERVE
AU
SMT 0401) 0402 | 0403 ) 0404 6410 Q420 | 0421 042210423 [ 424 [ 0425 0430 0440 0441] 0442
[ MRS (P RN bt R SRS SHR S Rl SR S B S
0450] 046 | 047 048 | 048 | 048 | 048 | 048 DE MFDICAL CODE RADIOTOXICOLOGIQUE
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C.E. A
SERVICE MEDICAL DU TRAVAIL

DOSSIER DE SURVEILLANCE MEDICALE

Nom

Prénoms . o

Date et lieu de Naissance: ... ... et e s oo v
vl I IO O N IR PN (R
ou 55, & 1 1 t L P Necarte CEA. .. .. .. L
Entré au C.EA. le ... . . S, le
A . le
A le

RENSEIGNEMENTS MEDICAUX

CET AGENT EST A SURVEILLER TOUT PARTICULIEREMENT SUR LES POINTS CLINIQUES SUIVANTS.
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.. Annexe 4
RUBRIQUES CODE SIGLE RUBRIQUES CODE SIGLE 7
CASE CASE ~
MOTIF VISITE (A) (MOVI) _Cytologre 2 ou1 cyr
Electrocardiogramme 2 ou 1 ECG
MISE_AU TRAVAIL Audiogramme @ ou 1 AUD!
Embauchage ! Movi Radiophoto _Pulmonaire @ ou t IMTH
Reintegration 2 MOVI Ruffier Dickson C oou 1 RD
Depart 31 MOVY! N
REPRISE TRAVAIL BILAN MEDICAL = ‘)
Maladie 3 MOV} ORIGINE MALAD. AFFECT. (ORMA) +
Maternite 4 MOVI Affection a Caract. Prot. AP ORMA .
Accident. travail 5 MOVI Affection_Medicale ME ORMA :
Mataaes professionnelies 6 MOVI Atfection Chirurgicale CH ORMA
SURV. MED. SYSTEMATIQUE Aftection _Contagieuse AC ORMA ¢
[Annueie 7 MoV Accident Travail AT ORMA
T
SURV. MED. PARTICULIERE Accigent ag Trajel IR ORMA
Accroent de Sport AS ORMA .
Pos'e Securite - Cond_vehicule 8 MOV
Accident (divers) AD ORMA
R sque Ma-adies Professionnelles 9 MOWVI Mzladie Pro'essionnelle Mp ORMA .
Defc-ents - Handicapés 10 MOVI Handicape HA ORMA -
Trev_moins de 18 ans 11 MOVI Grossesse GR ORMA
Migrants - Chang Achv, 12 14OV! Tore Th'e,ma,e ™ ORMA
Agen's postes 32 MOVI Contamination o ORMA |
Mere enfants - 2 ans 33 MOVI Irradiation R ORMA 1
SURV. MED. OCCASIONNELLE STADE EVOLUTIF (STEV]
A .z cemande de linteresse 13 MOVI Possibite de 3 STEV
A la cemanar de l'employeur - Titular 14 Movi Oragnostic_canfirme [5) STEV
Urgerce 15 MOVI Non traree N STEV -
Autres 18 MOVt £ tratemant T STEV
Aot Soec sur dossier A MoV Stabiisee (fin] F STEV
A 3 d>mande du Med Trav 18 MOV Fecnute oo R STEV
TESTS APT POSTE PARTICULIER Sequelies de S STEV .
Cassor 19 MOVI Aggravaticn de A STEV -
Pioriger profondeur 20 NMOVI Amehoratisn_(mieux) M STEV
Telerarce a Foxygene 21 MOVI Predispose a P STEV 4
Travaux en temperature 22 MOV Opere d2 (ntery chirurg) o STEV |
Test = “ont 23 MOwvI Decedge de X STEV
SURV. MED SPECIALISTE (B) (1) DIAGNOSTIC (DOMS) . oms DOMS *
ORL 24 MOVI "
Onnta mo 25 MOvi | CAUSE PROFESSIONNELLE (CEA) CEA CEA
Cargioiogie 5 MOVI_ | ABSENTEISME NBRE DE JOURS (ABST) Nb Jr ABST .
Pneumolog e 27 MOVI
Neurologre 28 MOVY CONCL. PROFESS. (C) (COPR)
Dermatologin 28 MOVI Aote Poste oe Travail APT COPR ¢
Autres 3¢ MOVI Tnaore TNA COPR |
PROTOC. MINIM. D'EXAMEN Aptc Trav eapose R (DATR) ADA COPR
Pc.as en kg POKG Apte non arect alfecte AND COPR
Tension Arteralle Chift TA Exclusion Temp Poste ETP COPR ~
p;m; Nb Mn POUL Exciusion Defin Poste EDP COPR
Cardiovasculane T ou 1 CARG Exclusion Z C Temporame EZT COPR
Locomoteur C ou 1 LOCO Exclusion Z C Detintive EZl COPR
Respiratolre T ou 1 RESP Reclasseme?' Obligatorre RO CO?;
Frmato-Ganglions o0 1 GoLl Aptitude Activ Reduite AAR co
Dige<t.f Y] DIGE Apttude a Temps Partel ATF COPR
Endocrino-Nutnition " Cou 1 ENDO Apte Sous Survedlance ASS COz:
bdomen Tou 1 | ABDO Apte sur Dossier ASD co 3
Nevroloare TTou 1 NEUR Rayé des Contrdles RDC CoP!
Gento-Uninarre Zoul | GENM CONCLUSIONS MEDICALES (D)
- : Tl
Teaurents soov 1 TESY ITGRIENTATION (CMOR)
Grossesse < out G (?‘ Médecin - Tratant MT CMOR
oRt = oul ORL Mcdecin_Specialiste MS CMOR
AUTRES EXAMENS Hcspnal:sc.ai':n HO ng!;
Acurte Visuelle 0.D Nb 10" AVOD Eerv'ce Social i(g SMOR
Acuite Visusile O G. Nb 10 ° | AVOG Serce de { Emplor a0 NGR
Ophtaimo i ou 1 OPHT ulres
Tarac Erar NGO Ex compl dem par Med. Trav EC CMOR
Ethylisme < oou i ETHY DECLARATION (CMDE) N
sychologie 2 ou 1 PSYC Malad Profess Indemnis Chf CMDE
Glycosunie % ou 1 suc Malasie Caract Profession DEC CMDE
Albumine Zoou ALE tataaie Centagieuse OEC CMDE .

(1) Code & inscrire umiquement sur la fiche de surveillance.
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POSTES

-..Annexe .4

OCCUPES

HORAIRE & CONDITIONS DE TRAVAIL

Aptitudes prononcées

DATE

CENTRE

SERVICE

FONCTIONS

No Fiche
de Poste

CATEGORIE

DECISION
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DANS L’ENTREPRISE

ACTIVITES PARTICULIERES

Annexe 4

Inaptitudes prononcées

DATE

CENTRE

SERVICE

POSTE thoraire condition
trav. Activ. partic.)

DECISION

MOTIF D’INAPTITUDE

Voir No
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TR _ RSTEES
DOCTEUR ‘
Visite (A) MOV L_L_J Date
poke L1 1 | avoo L1} avocl__1 |
1 1 Jeoue g g J|oesr L] psvc ||

oco ||
soul_J
enoo ||
neur L
recu L
ont L_J

CARD l_J
rese L]
oice L]
asoo ||
cent LJ
cros L_J

ervy L)

asl | evrol )
ece L

NICO l ] I

suc L]
e L

avor L] ro L]

ORMA | STEV

L C

L
=
I
K
!
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MEDICAL RECORDS AlND RADIATICN EXPCSURE CARDS

Dr C. Vigar

“hen I was asked to tell you about our experience in the Zuratom
liadical Service, 1 noted Trom the progrzmme that my contribution
would follow that by my colleague and friond Dr Mazaury on the same
gubjz2et and I wos immediately assured that he was going to give a
very full and well documented account, as you have just found.

Under these circumstances and to avoid any repetition, I shall be
brief. I shall also omit tha lagal azspects according to which opening
of medical racords constituies a statutory requirement, the actual

procedure depending on the Community country, and I shall merely put

¢ some of my ideas concerned with the work at our Ispra Centre.

One intoresting point is the diffarence between conventional industrial
mzdical vocords +nd those nsad for stafT axpoced to iondizing smd non—

ionigzing radiation.

Leaving aside dosimetry, I would say the main difference is tha}
certain headings ars treated in more detz2il rather than that any

rnew oneg are usad. The aprroved medicsl practitioner has in fact two
main tasks : h= must gather enough relevant information to decids on
the worker's suitability and also to determine.his physical condition,
normal or otherwise, and he must record it with enough detail to permit

comparison with Tindings at later examinations.

My colleagues and I attach a great deal of importance to the occupational
mzdical history and to the detailed description of the workplace given by
the person concern=d, which often differs considerably from the infor-

mztion provided by management.

Account-keeping of radiation doses administered for .diagnostic or
therapsutic purposes should be more strict. These are indeed high doses,
out of proportion with the very moderate ounes from occupational exposure

which are nevertheless a great cause for ccncern to us.
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For the purposes of medical records, clinical examinations and comple-
mentary investigations, & large proportion of the measurements are of
covrse made on the critical organs. I will not go into any further
Getail since these were discussed by Dr Strambi this morning and will
be covered again tosorrow by Dr Renz in connection with non-ionizing

radiation.

On the other hand, I think it would be useful to consider the problen
of the container or, if you prefer, the physical medium receiving the

information to be recorded.

The written style of medical records, although subject to heavy competi-
tion,is still very much with us,and other methcds seem unlikely to
replace it in the near future. It comes in various models, the

luxuriousness of whicii varies depending on the funds available, but

the practicality of which varies also.

Broadly speaking,we are torn between the need for chronological re-
cording and the advantage of simultancous display of successive results,
not forgetting the ucefulness of having different types of information

(clinical, X-ray, laboratory data, etw) laid out side by side.

The system and typc of printed form used are a matter of individual
preference. A serious deficiency, however, shows up whenever one
wishes to make statistical studies, and this is one of the major ar-
guments in favour of other methods such as punch card systens, which
are already at an advanced steze of development and, more recently,

data processing systems.

What should one choose? It seems that the decision must be based on
the number of individual records to he handled, which is necessarily
high (for data processing I would certainly say more than 10 0C0), ard
the funds available, unless it is possible to share an existing com-
puter with other departments of the undertaking, of an institute or

university, or even with other undertakings.
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A

As vie zre o1l awars, even if it is relstively easy to handle numerical

b
o

valuoes the start, such as haematological or biochemical findings,
clinical data must wafortunately be codad. Finelly, it has been said
that usz2 of the computer jeopardizes medical sccrecy and undernines

the doctor's independence in e¢xercising his profession.

I will not examine this problem further, since it is a matter for

N

speciclists and has already baen the subject of interesting woris in

our countries.

This brings me to the problsm of storage. I do not need to remind you
that reccords on exposed rersonnel must be kept for 30 years and thet
the siwce providad is generally insodequate. This leads us to consider

using microphotography which moreover facilitates mailing of records.

45 rezords transferring records, perhaps we should get down to clarifyirg

1,

to vhom - a company doctor working in his country or in the Commumity? -

and how or in whet form - 25 o swamary or in fuvll? It should also b2

poascible to tromsfer these documents and still guorantee medical secrecy.

The Ires movement of labour is increasing and we must therelore recch a

decision on this mattear.

In this commaction I should like fo lkuow the opinians of the experts
presant on the introduction of a health record bool, which I
personally consider an absolute n2caessity. Ideally =sch person would
receive on2 at birth and ksep it throvghout his life, thus obvisting

the ne=d to racite or reinvent his msdical history each time he

ct

consulted a naw doctor. This documsnt would contain sunmaries of the
different files kept on him sineces birth, gt the maternity hospital,

at school, durivg military s orvlv,, by the doctors treating him in
hospital (if aspplicebls) =nd of courss by industrisl doctors. Thers is
no reason why thers should not be, if nescezsary, one or more specinl
addition»l shoets, Tor example to record dosimetric data on exposoc
workerse I =un thinking in particnlar .of suratom safeguerds experts who
ars com~tently travslling bvetusen the nuclear installotions in the nine
countrizs. Such a solution would vafortunately not eliminate the nced

to keep a copy somswhare in cass of loss.
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A computer used as a data bank would be a wonderful tool, making it
possible, by means of a megnetic key held only by the person concerned,
to show the records on 2 visual display unit or printer, even in any
desired lancuage (this is technically possible), wherever such terminals

were available, provided of course that the netwprks were connzcted.

Please forgive my departure from the subject, but I do not think this is

really in the rezlm of sciznce fiction.

I was also going to speak about the radiation éxposure card but I think
thet my colleague, Professor Giubileo, is better qualified to do this.
I therefore cell on him to Spéak and T hope that I have provided some

points for discussion.
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MEDICAL RECORDS AND RADIATICN ZXFCSURE CARDS

Dr Giubileo

Cccupational exposure to ionizing radiations is authorized in
accordence with the maximum permissible doses laid down for workers.
Since these limits were adopted, it became necessary to record indivi-

dual dosimetric cata on special forms.

Two general tendencies have been observed for cases when the

risk is connected with the use of X-ray generators and devices of

industrial gammagraphy :

~ for workers subject to regular control by an industrial medical
officer, the dosimetric informetion is recorded side by side with
the results of other additionzl examinations noted in the medical

record;

- for other persons (such as radiologists and health personnel in
general), dosinetric data often forms a separate source of infor-
mation znd as such are kept by the person responsible for physical

monitoring.

Later, with the development of nuclear research for peaceful
purposes and the increasingly widespread use of radioisotopes in
medicine, the health surveillance of exposed persons became more
syecialized, particularly in Nuclear Centres where the health per-
sennel responsible for controlling hazards due to radistion drew up
a new type of card which, apart from simply recording the dosimetric
- count, also gives various details of the tyre of protection used.

We are all familiar with various types of form, some of which
supplenent personal dosimetric data with information on the location
of the dosimeter on the individuwal, monitoring devices in the working
environment and results of blood tests.
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The Eurcpean Atomic Znergy Community subsequently drew up 'Basic
Safety Standards for protection against radiation hazards', also known
as the 'Buratcm Basic Safety Standards'.. Article 26 of Ehe Basic
Standards covers health records for exposed workers. It specifies that
'the medical file shall include information regarding the duties to
which the worker has been assigned, personal doses received by the
worker and the results of medical éxaminations'; it also requires
Member States to bring in regulations for the practical procedures

for keeping mecdical records up to date.

It should however be mentioned that the official text of the
Basic Standards and the national legislation in the lember States
concerned have since been supplemented by the work of the Committee
of experts referred to in Article 31 of the treaty of Euratom. In
April 1959, the latter examined a draft 'radiation card' and, the
following December, adopted an improved version containing the fol-

lowing details :

~ general information on the place of work and on the individual

(marital status);
- technical qualifications of the worker;

-~ detailed anamnesis covering former activities involving exposure
to ionizing radiation, type of radiation, individual and environnen-
tal monitoring and doses absorbed for occupational reasons {under

normal and exceptional circumstances);

—- similar information (in the same detail) in connection with the

individual's present position;

- regular records of individual dosimetric data with quarterly and

anaual totals.

This model radiation card was adopted bi the Buratom Medical
Service in Brussels and has indirectly influenced the cards now in use

in the various Community countries.

The radiation card prerared by our lMedical Department which is now

being used at the JRC 4t Ispra (Fig. 1-4) includes all the above
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information with two differences:

~ the dosimetric table has been modified with a resulting reduction in
the availadble space (4:1) to provide for the present monthly perio-

dicity of the dosimetric counts;

-~ a column allowing long-term (20 year) integrated dose balances has been
added.

By and large we are satisfied with this type of card owing to its
versatility and comprehensiveness; however, our extensive experience

leads us to make some critical comments:

1. The Basic Standards call for obligatory recording of the above data

though these need not all appear cn the radiation card;

2. the approved medical practitioner who conducts the anamnesis when
making periodic visits is in the habit of transcribing the details
of place of work, means of preventidén used and any incidents in the
medical record before his clinical examination. Thus the updating
of the radiation card with regard to 'posting and controls' occurs
at some other time (e.g. when a new radiation card is reczeived) and

is usually carried out by other personnel in the Medical Department;

3. suitable space should be allocated to accidents (radioactive conta-
mination - even if slight, exceptional concerted radiation, esta-
blished incidents). I propose that quite simply 2 small box entitled
'incidents and over-exposure' should be included with provision for
the date, a summary of the incident and a reference to an aprended
health report. Indeed, the ICRP (in Fubl. ¢ § 102) recommends that

doses ccnnected with an abnormal event should be recorded separately.

The possibilities offered by computer technigues in this area both
for calculations and for access to personal doses should certainly be
taken into consideration. Indeed, these are already being used in prac-
tice. Cne example is given in the last-numbe; of the 'Health Physics
Journal' (27, 396, 1974). I feel that this is a useful toocl for drawing
up and comnunicating data although it does not exclude the conventional

card in the individual medical record.
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I hope that mest of my colleagues who have lisi.ned to my paper
agree with ny observations and trust that at this colloquium it will
be possible to give practical guidelines on the adoptioh of radiation
cards (perhaps standardized at the international level) which satisfy

all the practical requirements cof radiological protection.

DISCUSSION
Dr OBERHAUSEN (FRG)

It is clear from the first two papers, that the examinations and

records can be made as complicated as you wish.

We can, for example, call in specialists from a major clinic
every six months and increase radiation exposure even further by cou-

pulsory X-rays.

On the other hand, we were told this morning by our British
colleagues that these medical examinations are not effective for the
purposes of radiation protection. I should therefore like to ask our
French cclleagues what perceantzge of employees have been excluded from
work because of radiation effects observed in medical examinations,

and if so, what were the medical grounds for this exclusion?

I am asking this question because I have the impression that we
are confusing two factors which should be clearly separated from each

other:

1) Medical examinations in connection with work involving exposure to

radiation.
2) Generzl aspects of occupational medicine and public health,
Dr MAZAURY (France)
When we talk about medical surveillance of workers expcsed to

jonizing radiations, we are not necessarily speaking only of the wor-

ters to be excluded from this work. Under French legislation we are
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obliged tb'give all exposed workers special medical surveillance. At
the Commissariat & 1l'Energie Atomique the number of occupationally
exposed workers is in the region of 50-6Cj4, and sometimes 70-8C%.
Fortunately the number of persons judged unfit for’work because of
contamination or exposure is very low, and if such cases were frequent
I would consider that we were not doing our job properly. If we judge
a worker unfit, as things stand at present, it is for external reascns
connected with the individual's state of health and fortunately these
reasons are rarely the consequence of exposure or contamination. In a
nuclear centre like Marcoule, where I have been working as the medical
practitioner for a long time, about ten workers were judged unfit as

a result of exposure in 195%5/59 and 195C, and at present the number of

such cases can be counted on the fingers of ecne hand.
Dr GABRIEL (FRG)

As a representative of the employees being discussed here today,

I should like to make a few basic comments:

- The explanations given tc’ay in connection with the 'health card'
have referred exclusively to the administrative aspects. Hardly a
word has been said stout the objectives from the point of view of
the worker involved. To my mind there is a danger of redical sur-

veillance for radiation rrotection being conducted for its own sake.
~ What are the objectives?

a) Supervision to detect zny damage to health;
b) judgment of a worker's fitness to remain in a certain post;

c) definition of damage symptoms?

Fer this purpose, all types of exposure, including exposure

during diagnosis and therapy, should be included.
Dr MZHL (FRG
I think that here we are distinguishing between two components;

you have mentioned a third component, the radiation pass. We are

discussing medical records and exposure cards, and there is a third



factor, which is not in fact on the programme, the radiation pass -
as used in the Netherlands, the Federal Republic and Switzerland.These
three things must be kept separate. lere we are discuséing only medi-

cal records and radiaticn exposure cards.
Dr FABER (Densuark)
I have been considering :

1) is your document meant only for CEA employees or also for hospital

employees?

2) In whet form and at what rate have your lung pictures been taken -

are they taken as full pictures or as micro pictures?

3) 4What is the test of 'Ruffier-Dickson'?

Dr MAZAURY (France)

The file in question has been deva2loped by doctors at the Com-
missariat a l'Baergie Atemique, and anyone can use it., As for the fre-
quency of X-ray exzminations, these are given cnce or twice a year, at
least once in each case. You will have noticed that these are 1C/10
X-rays, and we have used this format for ten years. Vie thought these
were preferable to large radiographs which tend to emphasize certain
non-gathological images. Finally, the'Ruffier-Dickson'test is a test
of fitness for exertion, for certain jobs calling for special physical
endurance such as those for which protective suits must be worn. In
scre of our nuclear plants, workers are exposed to contamination ha-
zards and have to be completely isolated from the atmosphere in which
they are working. For this we can either use self-contained breathing
apparatus or make workers wear proper protective suits with an air hose
linking them with the outside atmosphere, The work is difficult and
taxing, and the medical practitioner must therefore ensure that such

workers are absolutely fit.



Dr MSHL (FRG)

I an sure there are many more questions to be askéd on the
French papers. I should like to know, for example, whether these
X~-rays can be by-passed if another X-ray has already been taken, for
exanrle in connection with cancer detection in the pre-employment
examinations. I imagine that this is the case and that they are not
simply a matter of routine., I should like to give you an opportunity
to comment further on the papers read by our colleagues from Ispra,

and I invite any questions or remarks.
Dr STRANBI (Italy)

1) Are there any plans for guantitative evaluation of the risks to
which workers are exposed, which would be most useful both for
classification of workers and for devising supplementary examina-
tions? Who should be responsible for this type of evaluation - the

employer, the heelth physicist or the medical practitioner?

2) We should discuss the need to inform workers of the risks their
work entails and to see that they are prepared to accept these

risks.

3) We must zlso think about the possibility of a written clinical
record of majcr events which have a bearing on the worker's health,
including aktnormal exposure, and perhaps use computers for pro-
cessing. This would have certain advantages, as the medical practi-
tioner would be able to analyse such events critically and thus

follow the situation of each worker with greater ease.
Dr MAZLURY ("rance)

I should not like there to be any misunderstanding about the
'fiche de position' (record card) which is iﬁ reality a record of civil
status showing the professional activities, background and training of
the employee, and the position he has filled in various postings. It
is in fact a record of the indivicdual's civil status at work. It has
nothing to do with the 'fiche de pcste' or 'fiche de nuisances' (ex-

posure card) which we have developed, but which we have teen unable to
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discuss in much depth here, because of lack of time. You also speak

of quantitative evaluation of hazards. What in fact are the criteria
which have enabled us to decide and to .specify whether é given worker
should be assigned to radiation work? As far as we are concerned, one
of the first criteria is that of exposure to the risk of contamination
and we think that whenever there is a risk of exposure to contamina-
tion, worlkers must be classified as being assigned to radiation work.
This evaluation is the responsitility of the radiation protection ser-
vice, and we, as doctors, feel that the works doctor should play a
pert in this and should assist the radiaticn protection service and
the employer in such decisions. Lastly, we do our utmost to ensure
that workers are well-informed, because French legislation stipulates
that we may not assign a worker to radiation work unless he has had
suitable treining and signed a document stating that he has had this
training. From now on we will also require workers to sign the expo-~
sure card so that they cannot contest the exposure levels recorded on
the card. I would ask my colleague, Dr Sarbach, to reply to the gquestion

on the use of computers.
Dr SARBLCH (Trance)

Since computer facilities are available at the CE.L, we felt that
doctors should make use of them. That was why we decided to compute-
rize gll of the medical recordsyalthough this will entail a number of
difficulties for other concerns which do not have the same facilities.
You spoke of the difficulties experienced by all doctors when the
number of documents in the medical file was considerably increased. As
far as we are concerned, there has never been any question of cutting
out the 'paper' medical record and replacing it with a computerized
file. The computerized file exists alongside the 'paper' file; we keep
these files and, to minimize the rather tricky problem of archives, we
have decided te microfilm all the documents which were previously kept
in the two little folders at the back of the file - which will mean
that we can store =zt least two or three fileé on each individual's
medical background. Finally, the use of conmputer teckniques will enable
us to keep a duplicate of every entry in the medical file, so that if
the file is lost, there is still a record of all the entries made by

the doctor during the individual's working life.
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Dr CABAL (France)

The various types of file wvhich have been described are all of
great value for exrosed workers. In some countries these files must
be preserve? even when the werker is no longer occupationally exposed
to radiation hazards (for example, after retirement)., However this is
not sufficient and we must devise a system which guarantees long-tern

continuity of nedical supervision, especially for retired persons.
Dr LNEEL (FRG)

Unfortunately we must now bring the discussion to a close and

Dr Recht will close the session with a summary of today's conclusions.
Dr RECHT (CEC)

At the end of this first day of the colloquium, Ishould like to
present a few brief conclusions and make z number of comments. One of
the aims of the Commissior of the European Communities is to harmonize
the conditions of safety prevailing in all industrial activities and
especially in those activities vhere workers zre exposed to ionizing
radiation. The lesal instrument used is the 'Directive laying down
Basic Safety Standards! which, taking due account of national tradi-
tions and existing organizaticns, sets out a number of objectives,
leavinz national authorities to chcose how they are to be attained.
These objectives must be sufficiently precisely formulated to allow
harwonization and the achieveaernt of a uniform level of safety in ail
Member States. At present the free movement of workers is relatively
low in the nuclear sector, but it is by no means impossible that it
will increase in the future and the 1dea of an 'exposure passport'
might well be envisaged; dbut it would be rremature to discuss such a
concept now. Ia any event, the Commission is not at =211 'upset' by any
differences between the various systems for applying regulations, as
long as the Basic Jafety Standards are.appliéd and observed, and as
ilong as the objectives are attaired. Currently the greatecst differences
are connected with trhe various approaches to occupstional medicine in
different lieater 3tates. Cbviously occupational medicine is not suffi-

ciently haormonized over &ll nine hember Stotes. This is because occu-

" pation:zl medicine 1s going through a critical period and there are
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differences of cpinion as to the significance, extent and meke-up of
medical examinations for preventative purposes. The range of medical
supervision of exposed workers is wide and is increasing. I have just
done & guick calculation based on the populatiecn of the nine Member
States, If we take it that one person in a thousand in the Community

is at present exposed to ionizing radiation for cccupational reasons,
there are, in the whole of the Community, at least 250;000 persons who
should be considered as being ‘exposed'. Taken in relation to the
working population, this figure is not one per thousand but three per
thousand, since the working population in the Member States varies
between 35 and 40,5 of the total population. Three workers in a thousand,
then,are exposed to ionizing radiation. Of these 250,000 persons, only
1/5 work in industries using nuclear energy (nuclear power stations

and nuclear industries). This means that 4/5 of the exposed workers are
working in industrial, medical and scientific sectors and are not
subject to the same controls as workers on nuclear sites. I would not
hesitate to agree that the medical supervision in nuclear power sta-
tions and major nuclear sites adheres very closely to the rules of
radiation protection. But this represents a privileged position, because
since 1945 the nuclear industry has been fortunate in that radiation
protection has been led by established physicists and biologists who
have now become masters in the field of radiation protection. But now
their positions must be filled by new men, and although I know that
there are a number of doctors amons you whose competence and ability

in radiation protection matters are above reproach, I am not sure that
the people who will be taking over the responsibility for radiation
protection will allhave the same degree of competence and experience.
The concept of the approved medical practitioner was introduced in

the Basic Safety Standerds and we wil} abide by this. The medical
practitioner must obtzin his specialized knowledge before or in the
course of his work and I would find it quite unacceptatle, as a works
doctor, if the medical practitioner were unzble to play his proper part,
as is expected of him, in the multidisciplinary team he will be joining
for radiological protection work.The dignity of the medical pro-
fessiorn would suffer if he were unable to do this. A doctor responsible
for the medicsl surveillance of workers exposed to radiation must
possess at least some basic knowledge of radiation protection, either

from university training or from other sources; he must be capable and

o
=y
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worthy of respect, or the medical profession will lose face. Another
point has to do with the distinction made between A and, B workers. I
have already said that this is not a rigid classification and that
this was not what the ICKF intended. It is also important to avoid a
situation where category B workers, who cost less because there is no
individual dosimetry ard no specialized medical supervision, are used
in preference to A category workers. As for maintenance personnel, I
have duly noted the fact that there was no discrimination between the
protection guareantees for outside workers and those for personnel per-
wanently employed ia the nuclear plant. Indeed, any discrimination in
arrangements for radiation protection would be unacceptable, from both
the human and the legal points of view. As Tar as medical records are
concerned, it is clear that the use of ccmputers is part of a general
trend towards the collection of dosimetric and medical data and the
establishment of data banks. This is btound to affect occupational me-
dicine too. Such systems have not yet been perfected but there is no
doubting the importance of what Dr Mazaury told us, and the file
descrived just now by himself and his colleague may be taken as a
starting point for pcssible Community action. The main thing is to aim
at collection of all available data and to dévise econonmical, efficient
systems for storage and subsegquent processing of information on ex-
posed workers. This colloquium has tcuched on the subject, but it will
need to be reconsidered in greater detail at a special meeting at a
later date.
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Friday, 22 November 1974
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NEW EMERGENCY THERAEZUTICS AND
NEW DECONTAMINATICN TECHNIRUES
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SKIN DECONTAMINATICN

G. Mohrle

In the five years since the last SZHITAR OF ZATZRIAL ATD INTZRTAL
DECOUT AL AP ION OF FUCLIAR WORKIRS in Nunich in Wovember 1969 there
have been no important new aiscoveries in the Tield of skin deconta—
mination. Today's most welcome exchange of opinions and information
should contribute to better imowledge of the principles and methods
applied in individual Community countries, The following account
therefore attempts to give a general survey of skin decontamination

measures, with the emphasis, of necessity, on my own experience.

Whatever measurss are token to remove skin contaminents, care must

be taken that the skin is not overtaxsd. Most cleaning measurss,

apart from scrubbing with soap and a brush, which is normelly cearried
out immediately, nave some mechanically or chzmically abrasive effect
and should not tharefore be used without careful coasideration.
Sxperiments hove shown that abresive thinning of the stratum corneunm
of the epidermis leads to a number ol fmctional alterations of the
skin, such sz increased water loss, quicier alitali neutralisation
(thersfors quicker penetration by solutions) and above all incressed
roughness of the skin. There occurs in addition mainly with mechanieal
methods a slight irritation reaching ss far as the corium, detectable
an increase in skin tomperature even if the corivm end epidermis are
not injured. In more pronounced cases, a roddening and oedens of the
szin can occur, lasting Tor some hours. A quite superficial iajury,
such as a skin lesion followed only b;-disoharge of serum and pain
{(n3rve ends of the epide?mis), affects only the epidermis from an
anatomicol point of view end will hasal without leaviag a scar; but if

an injury is accompesnied by bleeding, howsver slight, the stratum
JMury 1 i J 1 >4 1g5:10,

v

2pillar=2 o the corium at the very least will be efferted. This means
that the natural barrisr against penstration of radioactive substances

into the body formad by the healthy and intact epidermis is broken.

from
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The tissue composition of the skin is not uniform. A distinction is
made betweon the 2pithslial part, the epidermis, and the fibrous part
bensath it, the corium; this gradually merges into the subcutansous
adipose tissus (Subcutis). The epidermis 'is about 0.,07-0.17 mm thick
excluding ti:2 soles of the feet, palms of the hands and parts of the
fingers ani toes, while the corium is between l.7 and 2.0 mm thick.
The most impertast tasik of the corium and more specifically its
“papillary Layar® is to nourish the avascular epidernis and carry
metabolites away from ite. By means of its closely spaced dome-shaped
papillae which coatain th2 fine-meshed capillaries and their lymph
spaces, it reachss up in waves into the lowest layer of the epidermis,
e stratum bassle of the serm laver (stratum zermin~tivwm). The whole

]

h
epidermis if continuously renewed Tron this germ loyer. Since a great
e cell divigion takes place in this laysr, it is particularly

sensitive to lonizing rodiztion.

The stratum graaulosum adjoins the stratum germinativem and consists
T

of jret o fow laysrs of czlls,. 5 nane derives Irom the gronules of

l-arotohrelin occurring ip $he cell protoprlasm. These sltuninovs

1

structures ini he cornilication procoess, Avove the stratum

» light, relractive siris — the =tratum lucidun,.

the mergfohynlin grammles have ligquidized andé form a mass
i the epidermis is the

um corasum which is approximotely 0.007 mm thick on averzze, but

o 20 $imzs as thic't on the palms ol tas hands 2nd soles of
the reet., It consists of dezd out firmly connected epithelial cells
''he difterent cell layers of the epidermis move upwurds, are crezted
and die in a procsss of continual ronewzl and are continuously shed
at the sizin surface as horay platzs. his process is not usually

visinle, but occurs as sceling alter patnolozicsl alteratioas.

The epidermis has no blood supply. Nutrients are diffused from ths

corium. It h=s also been established that, for enwmnle, the pesnatration

of radiozctive substonces through the sizin into the body is determined
by diffusion, the dilfusion speed teing proportional to the concentratior

ERR . o
x

usion coeTicientt depends on the substance diffusing
the tisens lyrer ovseorvad and the condifion o tiis loyer. Soluble
materials crn penstroie 3 suiliciently moist skin much more guickly

then a dry one, the'rete o3 waich this occurs diflering by up to one

o %
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order of maognituda. This is also the rzason for rubbing talc into
the hands or wearing thin cloth gloves uader the rubbsr ones
gensrally =sed by persons working with exposed radioactive Substances.

Thess mcasures aim to prevent, os {ar as possihlz, the formation of a

layzr of moisture on the skin &s a result of perspiration.

It is generally taouzht today that diffusion through the stratum
corneunm and sirefun lucidum is Jlairly ropid, while the stratum
graaulosum has 2 very low diffusion speed in view of its histological
structure and thus forme a natural barrisr azainst penetration into
deeper siiin layers. Boluble racioactive substancss may gradwally
accumulatz in th2 stratum granulosum and thence perhaps diffuse further
down. Diffusion occurs partly into the body and,. if the supply from
the surface of the skin has diminished sufficiently, also to the
outsids again. & substance which has once diffused through the stratum
nzur, disapgears quickly in the body unless it is adsorbed
beconse of its chemica) composition. Sizin permeability, moreover,
increasss consideradbly if chemical or thermal stressser occur b the
ss.12 time os cont-min=tione. in genaral, however, it can be s=id thet
resorption of the most commonly used radioactive material through the
intact siiin is cordainly low, bt not nezligidle, 2t least not in the

case of substonces of high radiotoxicity,.

The hinlogical effects of radiocactive material onhuman tissue, including
the gi-in, dapands on ths type of radistion and its ervergy. The pensira-

tion of, Tor axampls, arays is low (maximum approximately 0,04-C.05 rr:n)
so thot the a poriicles Go not reach the radiossnsitive germ layer if

no dilfusion takes place., If there is however, concentrastion in the
stratum granulosum the stratum germinativum is exposed to a certain dose,
Assuming that 10, of an « surface contaminc,tion of 1 ,uCi/cm penetrates
the skin and that all the penetrated activity accumulstes in the stratum
sramvlosun, =z dose rate of 1000 rem/h iz calculated for the stratum
germinativam. For B emitters, the dose rate calculation is more
complicated, since radiztion of various ernergies is emitted and the
maximun range is in meny cases much greater than with a emitters

(up to 1-2 cm). Using the same exampls as for a, cmitters, i.e. a
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surface contamination of l,uci/cm2 and an assumed 10X penetration of
the skin, the dose rate to‘the gern layer may be calculated in a very
siﬁylifiel manner at about 1C rem/h. Since V-emitters ére known al-
most always to emit p particles too, calculations were made with ™
various radionuclides which showed that with the assumed surface con-
tamination of l/uCi/:ma, P -radiation is negligible for the dose to

lL«
the stratum gerninativum, compared with p-radiation.

In calculating the internationally accepted maxzimum permissible values
for surface contamination of the skin, allowance was made for the fact
that the whole epidermis is renewed in three to four weeks. Further-
more,a skin diffusion of approximately 107 of the contamination was
assumed as starting point. The values generally applicable for a
maximum ypermissible a-contaminaticn are 10-5 yCi/cmZ, for p-conta-
mination 10'” #Ci/cmz. These values relate on&y to localized contami-

nation.

In principle, all measurable activity, i.e. a pulse count which re-
gisters abcve zero on a sensitive moniter, shoulé be regarded as con-
tamnination which must be eliminated. The intensity of decontamination
measures, -hovever, devends largely on ths extent of the contamination.
It is virtually impossible to define when decontamination should be
carried out by the contaminated person himself, done by radiation
protection workers or supervised by the doctor, and this is moreover

greatly affected by local circumstances and the staff available.

Previous experience shows that it is most frequently the unclothed
parts of the body i.e. hands, hair and face, which become contaminated.
Extensive skin contamination or whole body contamination are much rarer.
Showsr equirment is highly unsuiteble for these types of partial con-
taminatior, since it wust be expected -that localised activity e.g. on
the hair or face, even if it were to some extent diluted, will be
distributed over the whole body and really thorough specific deconta-
mination of local radioactivity e.g. on the hards, would be very diffi-
cult under a snower and not really advisable. For this reason wash
basins which are widar and in particular deeper than normal ones -
somewhat similar to those used in laboratories - are much more suitable
for the narts of the body wihere local contamination is most frequent

i.e. harnds, hair and face.
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Since today, luc<cwarm, ie.e. approximately 30 to 32°C, is regarded
as the most suitable ond least harmful water temperature for
dzcontamination, it is advisable to prov1de central mixer taps in
nzw insvzllations to avoid unnecessary contamination of individual
fittings when usad by contaninated persons. This also applies to
shower zguipmznt. L ratio of zbout 4 washbasins to one shower is
best, in nuclaay plant at least. For shower egquipment the following
points znould %o obe2rwvad. The shower head at the top of the shower
shovld be =5 wids and flat as possible and provide a pradominantly
vertical strsam of water. In addition, there should be a hand shower
at the side with a hose about 1 m long which can be dirzcted at
locally concentratad contamination on the trunk or legs. An approxi-
mately $-3 cm hizh sieve~typs perforated plastic platform should be
tlaced on the floor of the showsr to prevent the feet remaining in
contaminatad water’since a build—-up of waste water cannot as a rule

oy

b2 avoidads The best type of showar squipment has in addition to the
fl2% showsr nead and plastic platform mentioned, three to four movable
shower herzds on both side walls, the lowest about 40 cm from the floor

and the otners at the came distance ahove each other.

It has further provad that, except in the case of wvary slisht contami-

N -

notior, th~ docestsminction proczos — il.z. trorough wuishing, Grying

)

rozitorirs - must L repastza gevsral tines;snd offen kel an hou
iwo hours dacontzminrtion time is necsss~ry. This, however, also means
that trhers mact ke 2rongh measurivg devices in the decontamination roomn,
girce unnocesssry journers and, as far as possid 3’oontact with
wnrontominetad staft should be avoided. It should suiffice to mention
meraly in passing that containers for contamninated working clothes

znd shoss must 21s0 be provided in the decontemination area plus soms
temporary clothing which can be worn by:the persoas concerned until

they chonge into their own clothes.

A toilet should be included in larger deconfamination arsas, Periods
spent in rooms with running weter inevitably increase the need to use

a toilet and there is no apparent reason why contaminated persons should
nct be allowed to do so, if necessary, after an initial careful decon-—
tamination. Circumstances in no way justify = special separate sewer

as sometimes reguired by the authorities on account of radiocactivity
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which might be contzined in the faeces, since, even in the most serious

cases of intake, there is no radloactlve elimination in the fzeces

durinz the first 6-5 hours and if there is activity in the urine,
it is so diluted that specinl measures are unnecessary. Finally,
Trom the medicnl point of view it is absolutely necessary to have
a first aid post or medical room in every large decontemination
area, whers Jirst aid and preparations for special transport to
hospital, if nocessery, can be initiated and carrisd out both for
normzl and contaminated casuwalties and in case of other radiation

incidents.

If whole body or hand-foot contamination monitors indicate radio—
activity,the first step is to ossess its extent and intensity. I
the hands are contaominated, spacial attention must also be paid to
the other unclothed parts of the body, i.e. in particular hair end
facz. If the working clothes are not contamincted, it may be assumed
that there is also no zactivity on ths body surface covered by the
clothzs. 1f the clothes are conteminated, localized activity must
be prevonted Iron spreadinz to otner arsas, or the skin, when they
are removed. .hon the outer clothing has been removed, the under—

22r should bz measurad for coantarination and removed il necessary.
Care must be taken to ensure that activity on clothing or skin does
not enter the mouth or nose and beconz incorporcted. If the conditions
of the workplace give reason to believe that incorporation has also
taken place, in pariicular in the case of dusty or gaseous compounds,
the doctor or trained health workers should taks nose and throat smears
with swabs on stocks as soon as possible; these arz then to be
measures like swe®d tostse IT no doctor or heelth worker is preseat,
the radiztion protection workers should hova th2 person concerned
blow nis noss in filter paprsr and this Should then be measured. If
maasuran~uts confirm that incorperztion has taken place, body counter
exuminetions or excretion analyses must be undertsalken to assess the

upteke, if necessary arter decontaminetion.

+

he success of every deconteminstion treatment depends mainly on the
speed, but also on the care, with which the action is tawen. Rediation
proteciion woriers mnist therefore bz specially trained and cveryone
working in th2 control zone should inow what is or is not to be done

iT contamivoiion ocours.
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The best way to remove the skin contaninents is thorough washiag under
luketnra runiing woter with mild socp eand 2 soft brush,. The_whole of
the cont-min~ted =hin crsa choald ve covared with thick lather and then
thorousaly rinssd with water, This washing is fo b2 rapested scvaral
timez for a period of sevaral minutes. Only light pressurse should be
zrpliad to the brren, eny ebrasion oF the skin is to be avoided. If

the hends are contaminatsd, for exampls, siin folds, nail groove

ané fingernails must b2 cleaned with particular care. The fingernails
may bave to ve cut ghort. After {this extensive washing process has
been carried out several times, the skin should be thoroughly dried,
preferably with tear-resistent bonded fibre cloth, then checked with

a measuring instrument. In the majority of cases, the greatest ceconta-
mination effect occurs alfter the {irst thorough washing. Further
decontamination until zero reading or at least acceptable residual
contamination is reached can, howsver, be a lengthyrrocess. Washing
under lukewarm running water with sosp and brush must be patiently
repeated, evsan if the monitoring equipment shows no further decontami-~
nation effects If results are not satisfactory, lizht duty detergents
and wetting agents available commercially may also be used. There are
moreovar various comnercial preparations which sre used for more severe
conventional soiling of the hands and are also quite suitable for re—

moving contamination, These rely mostly on ahrasion.
PR - . - . .
In eddition 2, citric acid has proved effactive.

If the skir is highly contaminated, =additional measurss must be taken,
if possible only under medical supervision, since they all attzck the
sizin to some extent. It has Dbeen found that a2 combination of a wetting
solution, 2 complaziny agent and 2 recgent to =ijust the »H value has
considzranle ndditional effect. This 'ecomplesins solution' is composed

ollows ¢ 5 g Titriplex I1I (visodium salt of SDTA), 5 g sodium

I

38

lauryl suiphate, 5 g

35 o sodinm crrbonate (mahydrous)

-

dissolvad in 1000 nl we . This solutior will lizep for months in

plastic bostles and merzly neads Lo be chalten well belorz usc. The

12nls 2re fhorouzhly wrokad and brushad using this complexing solution

i
and then rinssd uncer lukewsrn running water. Thisprocess is repeated 2to0 3

are Ariad aad is
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The most practical way of 2pplying this,and the solutions mentioned
below,to the contaminated skia is to use plaestic spray bottles. Another
substance which has proved useful is 45 potassium permanganate solution.
For exsmple an equally saturated solution' of potassium permanganate
and 1 sulphwric acid solution has also proved successful. Since
potassium permanganate and 15 sulphuric acid does not keep for longer
pariods bzcause pyrolusite is precipitated, the potassium permanganate
solution of 55 5 potassium permengenat= ard 1 litre 1% suiphuric acid
solution can be preparsd when reguirsd. This mixture, which has a élight
acid reaction,is to be poured over the moistened skin, for example the
and, thoroazhly covaring the nails and cuticles too. The whole surface
of the hand including the area detween the fingers is rubbed gently
with a nailbrush. After about 2 minutes the hands are rinsed uwnder
running watar. This process can also b2 rspsated @ to 3 times. 4s
the skin thus acjuirss a dark brown colour, it is then treated with
a 54 sodium bisulphits solution, whicn has also besn frashly prepared
and regains its normal colour within 2 mianutes, aftesr repeated gentle
rubbinz and brushing followed by rinsing. It has proved advantageous
to have a supply of rlastic packs contalaing 16-20 g sodium pyrosulphite,
which is simply dissolved in £00 ml of water to obtain fresh 5. sodium

bisulphits soluvtior.

If it is really hard to ramovs the contamination, ¢, soda bleaching
lye can also bs ussd. Tiis sodium hypochlorite is available commercizally
and rust be diluted to a concantration oi 54. The skin is severely
attocked and if ths solution ramains on th2 skxin for any length of time
slizht burning takes place,but the decontamination effact is oiten

very good.

Thz decontomination solutions are best wused in the ordar given, i.e.
when ones has no satisfactory decontamination affzct, the next one is

to b= uszd. IT nacessary, thess zgonts must be used ssveral itimes in

th2 statzd order as long as this does not involve too much straiﬂ

for the skin. Liost of the solvtions, excluding the complexing solution
and citriec acid, have no specific effect, other than a purely abrasive
one like ths machanical mesns used hefore. As alrezdy mentioned, soluble
radioactive substeonces can reach ths stratum grammlosum of the epidermis,

which firstsucks tham up like a sponge. 3om=times, therafors, the

Cecigive fival d-contamination effact does not t=k2 placs until this
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layer is reached. This is however, also the tolerance limit of the
skin if ore wishes to avoid the stratum germin=tivum which is the
regenerating layar of the epidarmis, and the vascular layers of the
corium benzath it, beins affected. This would mean rapid incorporation

into the subcutis zad from therz into the whole boly.

If,in spite of all these measures, no satisfactory decontsmination
effect is obtained, or the coadition of the skin doss not allow of

any more treaxtment, the decontamination process must be interrupted
and then continued after soms hours or on the following day. This is

a quite acceptable nrocedure, since the contamination is most unlikely
to spread after all the decontaminabtion measures taken. In addition
the activity which has penetrated the stratum graaulosum of the
epidermis may partially diffuse to the outside sgain. At any rate,

it is often surprising that when one or another of the decontamination
measurcs is rapeated alter some hours or on the next day, an effect

can often he achieved which was simply impossible beforehand.

To decont=minate the face and hair, 3% citric scid solution and, if
necessary, the complexing solution can also be applied in addition

to water and soap or shampoo. With particularly sensitive parts of

the skin, the solutions mentioned can be applied with slightly absorbent
cotton wool after covzering the surrounding areas. The hair should always
be washed with the hesad tilted backwards to avoid szcondery contamina—
tion of tha face. If the mucous membranes of ths mouth and the teeth
are contaminated, the mouth should be thoroughly cleaned with tooth-
brush, toothpaste and possibly 3% citric acid. — with contamination of
the throat, gargling with 3.6/ hydrogen peroxide is one possibility.
Rinses and gargles must not of courss b2 swallowed.— If the nosz is
contaminatsd, 2 nasal douchz using water or physinlogical sodium
chloriia golution is racommendsd; the gnditory cansl can be syriaged,

T the eyes are contaminated, th2 eyzlids ars to be held wide open by
mzans of th2 thumd and index finger and thes sye rinsed thoroushly
under rurning water, slways working Trom the imasr cornsr of ths eye

id2 next %o noss) to the outer to avoid contemination of the tear
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Adhesive plaster, sellotare or something similar is recommended to
remove small loczlized skin contaminations. After careful shaving of
any hairs on the skin, these adhesive etrips are pressed onto the
contaminated spot and then pulled off again. This can be repeated
several times if{ necessary. (Care should be taken to avoid undue skin

damage).

A1l the deccontaminetion measures mentioned refer, of course, to intact
healthy skin. after décontamination has been completed, the skin should
Ve treated with a rrotective cream. With persistent severe contamina-
tion, cloth gloves could perhaps be worn in between treatments or a

dressing could be attached by means of a gauze bandage.

The attached decontamination regulations contain a summary of both
general and specific decontamination measures and should only be
applied under sujpervision of doctors or workers specially trained in

radiation protecction or industrial hygiene.
DISCUSSICN
Dr HUBLET (Belzium)

Having heard Dr Mdhrle's well-documented paper, I should like

to coimment on the following points:

- on the subject of gloves and the use of talc to absorb perspiration,
it is better to wear a pair of rubber gloves on top of a pair of
thin textile {(cotton) gloves than to wear a single pair of textile-

lined rubder gloves;

- the wzter taps for the washbasins should not be hand-operated (foot-

operated types, for example, are preferable);

- vorkers liable to be contaminated (internally that is) must be given

prior instruction and information on correct decontamination methods.
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Dr RITZL (¥R3)

tYhy did you not mention decontaminetion by dilution in your
paper - for example, washing contaminated areas with non-radiocactive
sodium ilodide in the case of contaminzation with iodine-131, or washing
with phosphate buffers after contamination with phosphorus-32? I have
found that washinz with these solutions gives very good decontamination

in cases of contamination with thess nuclides.
Dr MOEBHRLE (FRG)

In reply to our Belgian colleague, first of all, I should like

to say that I agree completely with his comments.

To answer Dr Ritzl's question, I would say that the use of
phosphate buffers for contamination with F-32 is most effective, but I

an not sure whether isotopic dilution of iodine is to be recommended.
Dr CAREAY (lletherlands)

1l. Where should the first decontaminition treatment take place? Should
this be on site and if so which chemicals should be made available

there?

2. I am surpriced that you recommend removal of contaminated clothing
in the decontamination building. I think it is better to leave
contaminated clothes in the immediate area and to transport people

to the central building after they have changed their clothing.

3. Has Dr lithrle any experience of skin resorption of iodine-131 in the

form of potassium iodide?
Dr MOIHRLE

Stronger sgents, such as potassium permanganate and soda bleaching
lye, are only intended for decontamination of the hands. For the rest
of the body, I would use the complexing solution, or I would just scrub

the area with soapr and water. Of course I zgree that contaminated
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clothing should if possible be removed in the contamination area or
nearby, dut tirie and again we have found that contamination of clothing
is only detected when the persons concerned arrive at the central
building, and for this reason containers should also be avallable to
deposit clothing there. I cannot give you any more detailed informa-

tion on resorption of iodine.

Dr CARFAY (Netherlands)

What decontanination agents are provided at the place of work?
Dr KCEZHRLE (FRG)

At our centre, where there are scme 2,5CC occupationally exposed
persons; only soap and water, and sometimes citric acid, are available
on the spot for self-decontanmination and everything else is kept in

the central decontaninaticn azrea.
Dr JCLIVEY (CEC)

I think that the various methcds proposed by Dr MNdhrle for ef-
fective decontouination of the skin are the best methods currently
évailable, for they are straightforward and their value has been de-
monstrated over the years. Some tine azo, however, several authors
noted that radioactive particles tend to move down the Lair follicles
and settle in the sweat glands. They observed that these particles
could Le brought back to the surface by sweating. They therefore pro-
posed deccntamination treatment by sweating and showed that when the
skin of the body was experimentally subjected to external contamination
then made to sweat, part of the radidactivity trapped in the skin
aprendages returned to the surface. A good dezl of this radiocactivity
couvld then be removed in the usual way, by washing, or with adhesive
textiles, sellotape or plaster. Should this kind of treatment be used,

or should it be avoided, as being too time-consuning?

Dr MOEHRLE (FR3)

This would depend cn the extent of the contamination. We use

this kind of treatment where necessury, but somelimes one can manage
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without ite. I would only recommend local decontamination with adhesive

tape etce if it cannot be done in the moral way by washing.:

Wi jker (Netherlands)

1)

2e

In some plants special attention has to be paid to contamination of

the working environment with tritium, especially during shut down
periods, as this can lead to internal contamination of the worker by
penetration of tritiated water through the skine. The probability of

such a contamination is highest were heavy water is used as a moderator.
But also in a pressurized light water reactor tritium is produced in
appreciable amounts in the primary coolant as a consequence of the
addition of boric acid as a burnable poisone. The chance of contamination
with tritium in a plant with a boiling water reactor is one or two
orders of magnitude smaller than with a pressurized water reactor.

The tritium problem leads me to the propcsal to include as a discussion
point during this meeting also the question how fast tritiated water
will penetrate the skin. Here the thicknesses of the various skin
layers will play a part. The values generally used are obtained from
measurements on dead skin samples, as far as I know. Some measurements
on living skin however seem to indicate that in situ the layers are
somewhat thinner. This difference seems to be caused by the dis—
appearance of stretch when removing the skin from the body for measure-—
ments. (Publication in Health Physics?)

I want to take the opportunity to put right a mistake that has occured
in my paper on decontamination read at the Euratom symposium at Munich
in 1962 and to stress the necessity of reading the last version of your
article where possiklee. I have noticed that some translators make
mistakes. For instance in my paper the translater changed my right
English text "eye-washing in a direction from the nose™ into "eye-
washing in the direction of the nose"™ on his own account and without

notice. Away from the nose is the correct treatment.
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Dr MOEHRLE (FRG)

I do not have any precise information on the diffusion of tritium-
contaminated water into the skin with time; I do know that tritium can be
detected in the urine as little as 5~10 minutes later. In reply to the
question on skin diseases, I am afraid I cannot give you any details; I
am acquainted with the paper you mentioned, and it is true that in part
the experiments were only cqrried out on dead skine I would imagine that
the results would be much more favorable with living skin.

Dr LALU (France)

le Which of the methods mentioned by Dre. MShrle in his paper are in fact

new, and what advantages do they have over older methods?

2. Where there is resistance to decontamination, might it be useful to

apply Vaseline and leave for 24-48 hours?
Dr MOEHRLE (FRG)

In my paper I made a point of saying that there have been no
important new discoveries in this field in the past five years. However,
having been asked to give a report on this subject, I decided to give a
general survey of what is known now, and that is unchanged. I do not know
of any more recent methods of decontamination. The reply to your second
question is that we avoid using Vaseline because of its high fat content,

and use lanoline or similar cream for skin care.
Dr ZUIDEMA (Netherlands)

In general occupational medicine we have observed that some rubber
and plastic gloves are surprisingly permeable to hydrocarbon solutions

and sometimes even aqueous solutions.

It is therefore recommended that before use, the various types of
gloves are tested in the laboratory with the solutions used in radiological

works
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Dr MOEHRLE (FRG)

This is a very interesting piece of information. We have no experience
of this type of thing, as most of the work at our centre is carried out
with large rubber gloves in hot laboratories and in glove boxes, and there

are very frequent cases of allergic skin reactions to the rubber.
Dr CARMICHAEL (U.K.)

My question perhaps extends, in part, to yesterday's discussions in
respect to unfitness for radiation work, this involves the compulsive
finger nail biter. Because of the great difficulties, even after cutting
the nails short, of decontamination under the nails, should these people

be excluded from the risk of hand contamination?
Dr MOZHRLE (FRG)

Yes, I would agree with youe One of the most important contra
tions for contamination is acute or chronic skin disease and at the preli-
minary examination affected persons are, from the outset, barred from work
with unsealed sources of radioactivity, although there is still a possibility
of employing them in other controlled areas where there is no danger of
contamination. When reservations are expressed on health grounds, we
distinguish between reservations about suitability for work involving
unsealed radicactive substances and more general reservations about

unsuitability for any kind of work in controlled areas.
Dr LE GUEN (

Skin contamination is rarely straightforward and is often accompanied
by internal contamination. I think that the latter is just as important,
if not more so, because of the risk of contaminants migrating through the

lungs or the blood to the critical organs.
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In view of this danger, immediate action is often called for on'
the spot. For this reason we have recommended immediate, inhalation of
"DIFA~Ca" aerosol in cases involving atmosrheric and/or skin contami-
nation by plutonium-23% and 23%. The sooner this treatment is applied,

the nmore effective it will be.

At CEA and Fontenay-aux~Xoses, we are now plannihg to provide
persons exposed to these hazards with a portable "Spinhaler'-type
aerosol for inhalation of a dose of 5CO mg of micronized DTFA-Ca in a
snap-top ampoule (treatwent based on the findings of Ducousso-Fasquier

et al. Den/CRijza - to be publisked in "Radioprotection").
Dr }NCEIRLE (FRG)

I quite agree that roughly speaking 30 of all contamination is
accompanied by intaike resulting from inhalation. 'ie try to monitor this
by nose and throat smears, ~r by asking the subject to blow his nose
into filter paper, and analysing the result so that appropriate
measures can te taken. However, this is done~in the central deconta-

mination area, not at the place of the accident.
Dr JAMEET (France)

I think it is wrong to treat radiocactive contamination of the
skin in such a dramatic way. In the vast majority of cases it is a
run-of-the-mill occurrence and it would be a pity to apply measures
which are out of all proportion to the actual risks involved, both from
the economic point cf view and from the psyclhological point of view, so

far «s workers are conceraned.
Dr MCEFRLE (FR3)

On the whole I would agree entirely. I .was not at all happy about
being given this rather barren subject and would have much preferred to
give a parer on internal decortamination measures. Anyway external de-
contamination is virtually everyday practice in radiztion protection.
At our centre we have had more than 2,5CC cases of contamination, of

which some 705 were very minor cases where it would not Le worth
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applying these methods, Cf course this was untrue for the remainder,
and in the cose of skin diseases such as psoriasis or eczema of the
hands. In these casses the nerson concerned must be barred from work
with radioactive substances, as there are difficulties with deconta-

mination.
Dr JAMIET (France)

I agree with Dr Moehrle, especially with the point about radio-
active decontemination being a daily routine. No such concern is ex-~
pressed about garage mechanics who have to wash their hands before
meals becsuse they work with dirty oil and grease. If atomic power had
been in use for a thousand years and the notor car had just been in-

nted, svecial precautions would be taken - mechanics would have to
work with glove boxes and would be barred from work if they had sen-
sitive skin. But this is not the case, even though some of the products

used in garages can czuse skin cancer.
Dr Ei3KINZT (U.X.)

I would lile to speak in suprort of previous two speakers. As
the resyonsible oflicer for 2000 radiation workers I know the occupa-~
ticnal physician cannot be present whea the accident happens. He must
train the teaw waich starts with the werkers and moves up through
stages of capability. The man on the job must ccver the first two
hours. Then a skilled nurse and health physicist will be available.
An occupational physician may be available after 4 hours. It is there-

fore essential that the immcdiate measures are simyle.
Dr BOWKEX (U.K.)

¢ last speaker. In our exrerience most deconta-
minaticn of the intact skin is done in the main changeroca and never
s. I wender whether Dr lcehrle would care
tle and zay a few wnrds about wound decon~
tamination. is Ir Erskine said on CEGB statiens initial treatment is
carried cut by first-aiders and aust therefore be simple. However,

even superficial wcunds can present problems particularly of detection
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and measuremsnt. To help to overcome this difficulty our normal pro-
.cdure is %0 monitor the cause as well as the effect, Ifcontamination is
detected, simple techniques as tourniquets, washing with light scrubbing,
ntc. are carried out by trained first aiders under the supervision of
Health Phyeics staff. If necessary further measures are carried out on

the arrival of nursing and medical staff.
Dr MOEHRLE (FRG)

I do not have anything particular to say in answer to your
questiion, but on the whole I agree with you. If I have put more
emphesis on certain aspects, it is becsuse at our centre in Karlsruhe,
we have some 500 persons working wiih unscaled plutonium. The whole
subject of contamination eppears in a different light when one is

dealing with other radiocactive substances.
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PULLCNARY LAVAGE

J. Lafuma

Several experimental studies have been carried out to remove
insoluble radioactive particles from lungs in which they had settled.
The only method which has proved effective up to the present is pulmonary
lavage, generally carried out with a physiological solution of sodium

chloride.

The research was carried out on several animal species: dogs,
rats and baboons (1), and approximately 50% of the particles in the
lungs were removed by this method. Only one human contaminated with
plutonium=239 oxide has been treated by this method, which enabled

a fraction of the contaminant (2) to be removed.

For several years the C.E.A. has been carrying on research to

develop a pulmonary lavage technique for use on humans.

So far the experiments have been conducted on 80 baboons (3 & 4).

They can e summed up as follows:

- 13 animals free of Pu were subjected to lavage for histopathological
studies of the method itself;

- 67 apes underwent lavage after inhaling Pu-239 oxide.

Of these 67 apes, 47 were used to perfect the method and 10 were
put down for a histopathological comparison of the treated animals with

similarly contaminated untreated animals.

The last 10 animals were kept for studies on the effectiveness of

lavage with regard to the animals' life expectancy.
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During these studies no injuries due to the lavage itself were
observed, but 5 apes died as a result of the anmaesthetic, no facilities

for resuscitation being available.

I. Method of vulmonary lavage

I.1 — Both lungs are lavaged with an interval of one hour and

respiration is assured each time by the lower lobe of the epposite lung.
- oxygenation and degasification times were reduced to a few minutes.

— lavages were begun at the earliest 24 hours after contamination, since
this is the time necessary for, on the one hand, the particles deposited
in the respiratory passages to be eliminated and, on the other hand, the

particles deposited in the alveoli to be phagocytized by the macrophages:

~ thus the problem is one of eliminating as much as possib’e from these
cells

- the liquid chosen for the lavage is a 9% solution of NaCl

~ the experiment showed that preliminary oxygenation and degasification

increase the method's effectiveness.

I.2 -~ Recovery of lavage liquid

- 95% at each lavage with the exception of the first, where less liquid

is recovered.
I.3 - Flimination of the activity and number of macrophages

- Results show that the first lavage gives distinctly better results, since

it is this operation which eliminates the ascending macrophages.

- If the proportion of macrophages eliminated during each successive
lavage is studied, it can be seen that there is no useful purpose

served in conducting more than eight.
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II. Effectiveness of pulmonary lavage

II/i. Effect of repeated lavages

The following results were obtained from lavages repeated at

weekly intervals :

~Ilavage 1 (D + 4) = 12%
- 2 (D +11) = 19%
- m 3 (D+18) = 34%
- " 4 (D+25)= 40%
- " 5(p+32)= 52

II/2. Determination of a set procedure

~ The experiments show that the yield decreases during the first three

days and becomes constant at approximately 107 elimination per lavage.
-~ In addition, the yield does no! depend on the pulmonary burden.

— The laboratory's current procedure is to administer the first lavage

at D + 1, a further lavage at D + 4, then one lavage per weel.
< In a total of 10 lavages, 50% of the deposited material was recovered.

— In practice, the number of lavages must be modified according to the
effectiveness of lavages already carried out, since individual variations

are considerable.

- In addition, it can be observed.that pulmonary lavage is conducive
to the passage of active particles into the interstitium,which has a
decontaminating effect but at the same time increases the burden of the
lymphatic nodes. After some months, decontamination of the alveoli of

" certain animals reaches 90%.

III. Physiopathology

—~ Checks showed that variations in cardiac and respiratory rhythm,
blood pressure and composition of the gases in the blood were temporary and

that recovery was complete.
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The anatomopathological examination revealed :

slight swelling, inflammnation and some haemorragic areas. In 4 days

the lungs returned to normale. .

The yneumocytes I disappear and changes in the pneumocytes II are

observed in the first 6 hours.

Betucen 6 and 12 hours afterwards, polynuclear leucocytes and

megacaryocytes are seen to appear in the alveoli.

Lfter 12 hours the epithelial membrane is restored and after 48 hours

the lung is normal.

No lesions were observed 3, 6 and 12 months after such courses of

treatment.

Smith V.H., Health Physics 22, 765 {19’?2)~
l.eClellan R.C. - Health Fhysics 22, 815 (1972)
Nolibe D. - C.R. Ac. Sciences, Faris, T.276 (22 Jan 1973)

Nolibe D. - Personal communication



TRITIUM CONTAMINATION AND EXTRARENAL CLEARANCE

Ph., Henry

Summary

In cases of significant internal contamination by tritium, a
therapy aimed at accelerating the turnover rate of tritium in the

body should be applied.

The purpose of this study is to determine the effectiveness of
extrarenal clearance methods in hastening the elimination of tritiated
water. The results of our experiments show that the biological half
life in man can be reduced to 13 hours by peritoneal dialysis and to

less than 4 hours by hemodialysis.
The type of treatment and its duration should be based on the
calculation of the dose commitment; in practice, this can probably be

reduced to 5% of the initial concentration.

I - RISKS ARISING FROM TRITIUM

Tritium, classified as a low toxicity radionuclide, is handled
in industry although its potential danger is considerable because of
its high specific activity (app. lO4 ci/g for T, and 1.5xlOBCiﬁgforlﬂPOL
its marked volatility and its capacity to diffuse through a very wide
fange of materials, Tritium most usually finds its way into the body
in the form of tritiated water, which is absorbed rapidly through the
skin and the lungs. The partial conversion of tritium gas into HTO is
the result of biological or spontaneous oxidation and of isotopic
exchange with H atoms in water vapour. In whatever way it is intro-
duced, tritiated water diffuses and spreads through all the water in

the organism, extra- and intra-cellular. Within three to four hours,

This study was carried out in cooperation with the Clinique des Maladies

Metaboliques et Endocriniennes, Clinique Saint-Eloi in Montpellier.
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a state of equilibrium is reached in all the agueous compartments o1

the organism, which is thus completely irradiated.

After & single contamination, the tritium concentration in the
body water is progressively reduced as the water in the organism is
replaced. The biological or effective half life of the tritiated water
ranges from 7 to 14 days with extremes of 4 and 18 days. The average

is between 9 and 10 days.

The CIPR, in its publication No 10, reduced the half life re-
commended for calculating the dose received by a standard man from

12 to 10 days. (1)

A fraction of the tritium contained in the tritiated water is
exchanged with the hydrogen atoms of organic molecules. This organic
component has a much longer half life, of the order of 1 to 3 months.
However, its share of the total dose is so £light as to be negligible
(2, 3).

II - METHODS USED IN TREATING CONTAMINATION BY TRITIATED WATER ("

In order to eliminate the tritiated water more rapidly, it is
clearly necessary to use therapy which will shorten the average life

of the water in the organism.
II - 1+ Renal Clearance, Osmotic Diuresis

The first therapy, the least aggressive in a healthy subject,
is hydrotic diuresis, which consists.of having the subject ingest large

quantities of water each day; but this very soon becomes intolerable.

The perfusion by molecules with a strong osmotic effect, which
can be filtered by the kidney and are rnot reabsorbed, promotes a
marked degree of diuresis; this is known as osmotic diuresis. It can
be simply achieved by perfusion with mannitol or urea. This treatment
"producing diureses of from 5 to 8 litres per day, can reduce the
biological half life of the tritiated water to less than 4 days.
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For more intensive osmotic diuresis, it is necessary to monitor
the central venous pressure, insert a catheter into the bladder,
measure the hourly flow and ensure hourly clinical supervision and

frequent biological monitoring.
II - 2 - Extrarenal Clearance

The purpose of extrarenal clearance methods is usually to
maintain or to restore satisfactory biological equilibrium in patients
with acute or chronic renal insufficiency, by eliminating toxic mo-

lecules and waste substances contained in biological fluids.
Two methods are used: peritoneal dialysis and hemodialysis.
II - 2a - Peritoneal Dialysis

This treatment consists of injecting into the peritoneal cavity
a given volume, usually approximately two litres, of isotonic or
hypertonic fluid which absorbs the substances to be eliminated by

exchange with the blood through the serous membrane of the peritoneum.

After a residence of variable duration, the fluid is drained off
and replaced with fresh fluid.

The time between the beginning of the injection and the end of

the drainage constitutes one dialytic cycle,

The cycles are repeated until the desired result is obtained; a

session normally lasts 24 hours, but may be extended if necessary.
II - 2b - Hemodialysis

Hemodialysis is based on exactly the same principle as peritoneal
dialysis, but exchanges between the blood and the dialyzing solution
take place not through the serous membrane of the peritoneum but
through a semi-permeable membrane in a machine known as an artificial

kidney.
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The patient's blood circulates in a cellophane pocket around
which the dialyzing solution flows in the opposite direction. A cannula
or arteriovenous fistula must be used for the circulation of the blood

outside the body.
II -2¢ - Exchange mechanisms in extrarenal clearance

The peritoneum behaves in practically the same way as an inert
semi-permeable membrane; exchanges through this serous membrane obey
;the traditional laws of osmosis and diffusion and are of the same
nature as the exchanges which occur during hemodialysis. The difference

between the two methods lies in the kinetics of the exchanges.

In both cases the effectiveness of the clearance is due mainly
to the diffusion of molecules through the membrane.

ITII - CLEARANCE OF THE TRITIATED WATER BY PERITONEAL DIALYSIS

III - 1 - Theoretical study of the kinetics of the clearance process

In the interests of simplicity, we have supposed that only one
substance was on either side of the serous membrane of the peritoneum:

the body water and the dialysing solution.

III - 1la - Kinetics of diffusion during a cycle

Diffusion obeys Fick's law: 'the rate of diffusion of one material
in another is proportional to the negative of the gradient of the

concentration of the first material'..

Let K be the proportionality or permeability constant of the

membrane for the substance under examination.

let :

1l refer to the body water
2 refer to the dialysing solution
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and V2 be the volumes

v
i

C1 and 02 be the concentrations at time %

Cl.O and 02.0 the volumes at time t = O

At time t = O all the molecules are in substance 1

When the concentrations on both sides of the membrane are equalized,
the situation is 2

¢, =C,= Ceq (equilibrium)

The calculation of the concentration at time t in the dialyzing
solution gives the following formula 2

= -—_At
c Ceq(l e D)

in which

v = the diffusion constant

III ~1b ~ Kinetics of clearance during dialysis

t, the total length of a cycle, is taken, as a first hypothesis, to be
equal to the time taken for the diffusion.

Let C1 0 be the concentration in the body water at the beginning of

each cycle.

The proportion cleared in each cycle is egual to 3
v v, (1~ e *2%)
C1 o 1 s 2
C V. YV, O+ W \'4 -"'D‘t.)

1.0°1 - 1 2 - 2 (1 - o

€, ¥y Ci0 1 Vy+ ¥,

The mean cleared fraction per unit of time AE is therefore given by ¢

v e lDt
AE= 2 .
V., + V 1
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The proportion Ag represents the clearance constant or relative clearance and

0.693

T, =

E s the clearance period.

J‘. E

At the end of the Nth cycle, after a dialyzing time D = Nt, the
concentration in the body water is given by the equation :

in which C, represents the initial value of C, before the test

i
(¢ of the first cycle).

1
1.0

The absolute clearance CL is obtained by multiplying the relative

clearance by the volume to be cleared, viz.:

o ¥
.Ot Vl + V t

¢
CL =.AEV1 =3
1
According to this formula, the clearance should increase with the
flow of dialysate and move eventually towards K, the peritoneal

permeability constant.

Experience shows that the clearance reaches a peak, then falls
when the flow of dialysate is increased. There is a simple explanation

for this phenomenon.

Only part of the peritoneum is involved in the exchanges which
take place while the peritoneal cavity is being filled and drained, as
if part of the time t were lost in & resting phase during which no

diffusion takes place,
In these circumstances :

- let m be the length of the resting phase
and 6= t - m the effective diffusion time.
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The constant AE is then obtained by the formula :

- ..0.693 =&
V2 l e~ e TD

t

The calculation shows that, for a given value of m/TD, there is

an optimal value of t which corresponds to a maximum clearance Age

By glving the relative value of the unit of time t in terms of TD’

t-m
1 - 8-0069}%‘

it is possible to calculate the numerical values for /T
D

when the ratio t/TD is varied.

The graphs thus obtained are shown in figure 1., The duration of
the cycle and consequently the flow giving the best clearance can be

selected by reference to the graphs when m and TD are known.

III - 2 - Experimental work

The subjects tested in the experimental work were anuretic
patients suffering from acute or chronic renal deficiency and who were

being treated by peritoneal dialysis,
IIT -2a - Protocol of the experiment

Labelling the water with tritiated water

3

~ Ingestion when fasting of 50 tm” of tritiated water containing

3

approxinately 1 millicurie and twice 50 cm” of rinsing water (activity

evecluated before ingestioa).

- Three hours later a sample of blood ié taken in order to
measure the activity of the water in the plasma in equilibrium with
the body water, It is clear from the available data that this provides
ample time. A test carried out on a healthy subject has provided

confirmation of this.



Figure 2 shows that the peak of the activity of the water in the
plasma is reached 14t minutes after ingestion and is stebilized at its

equilibrium concentration in less tharn two hours.
Peritoneal dialysis process

The dialysing circuit consists of an injection vessel and a
drainage vessel both connected to “he intraperitoneal catheter by a
simple Y joint. The two tubes are clamped alternately during the in-

jection and drainage processes which are effected by gravity flow.

The fiuid is drained off into a measuring jar to determine the

distribution and quantity of the substances being examined.

Throughout the experiment, the volume injected per cycle is
fixed at approximately two litres of a solution containing: 15 g of
glucose, 100 meq of sodium chloride, 35 meq of sodium acetate and

3 meq/litre of calcium chloride.

However, the length of the cycle is vafied according to the

purpose of the test.

To simplify the description of the test, we shall call :

El the injection time for the dialy=zing solution,

t2 the residence time in the peritoneal cavity between the end of

the injection and the beginning of the drainage,

- t3 drainage time,

¢

t = tl + t2 + t3 the total time taken by each cycle.

The duraticn of t2 varies from one test to another and, in some
cases, twe different times are used during the same session of dialysis
in order to chserve their influence on the efsfectiveness of the

clearance,

At the beginring or end of each seassion, some cycles were express-—
ly used for studying the characteristics of diffusion using methods
described below.
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Samples taken during dialysis
These comprise :

- blood samples taken at regular intervals, every three or four
hours, the first being taken after ingestion and just before the
beginning of the dialysis (D = 0). In some cases a monitoring sample
was taken two hours after the end of the dialysis session to detect

any '"rebound" in plasma activity,

-~ varying numbers of samples of dialysate taken during the dialysis

after drainage or taken during cycles used for studying the diffusion,
III -2b - Presentation of the results

The results of the measurements were shown in volume concentra-
tions or activities expressed as /uCi per litre of water contained in

the plasmas (C;) or the dialysates (02)'

Calculation of the volume Vl >f the water compartment

The water compartment is calculated according to the formula

V. = Activity ingested - Activity eliminated
1

Per unit volume activity of the water in the plasma

The plasma activity is that of the sample taken three hours after
ingestion.

In the case of anuretic patients, the activity excreted through

the gkin or the lungs in these three hours is considered to be negligible.

Calculation of the constant g and of the clearance period TE
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Rather than show the function C, = CiemﬂED on semi-logarithmic
paper, we preferred to take napierian logarithms of the Cl values and
show on paper with linear coordinates the straight line describing the

function :

ln C, = 1ln Ci - AED

1

The straight line graph gives the wvalues of the constant AE’ viz.:

ln C, - In C
1. = i 1

E D

Calculation of the diffusion parameters
&) Calculation of diffusion time TD

Two methods were used.

~ Method using a dialysing cycle

After injecting the dialysing fluid, sampiee of approximately
S ml were drawn off every five, then every ten minutes by the evacuation

catheter, after the solution lying in thé catheter had been removed.

The first sample was taken immediately after tl. The concentra-
tion 02 of the tritiated water in each sample was determined, and Ceq

was calculated using the formula Vl
Ceq = Qa0 Vv T,

The value C at the beginning of the c¢ycle, hereafter Cl, was

1.0
read off the straight line graph of plasma activity. It was then
possible to draw the ascending exponential CZ/Ceq = 1 = e"ADt and the
descending exponential,

1l - bZ/Ceq = e
The negative part of the straight line representing the linear
function In (1 =~ Cz/Ceq) = - ADt is the constant g, from which the

diffusion time TD is deduced in accordance with the usual formula
TD = 0.695/AD.
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- Method using several complete cycles

Several complete cycles, including drainage, were carried out

successively keeping t. and t3 as constant as possible and gradually

v 1
increasing ta. The same calculations were made as in the previous

method, using the appropriate Ceq value for each cycle.

A straight-line graph was plotted, taking for each value of
In (1 - CZ/Ceq) the abscissa corresponding to the complete time of
the cycle (t = tl + t2 + t3). This straight line passes through the
ordinate O (on which 4.6 = 1n 100, if CZ/Ceq is expressed as a per-
centage) for a value of t greater than O, equal to the value m of the
festing phase in each cycle.

b) Calculetion of the dead time m and of the effective diffusion
time @

- When diffusion had been studied over several complete cycles,
the value of the dead time was obtained directly by using the graph

described above.

~ If diffusion is studied over a single cycle which does not
include drainage time t3, the graph cannot be used to calculate the
dead time.

It can, however, be calculated indirectly by using the measure-
ments taken of the dialysates recovered during the session from cycles

for which t t. and t, were standardized.

1 "2 3

0 can then be calculated by using the formula Ca/Ceq =1 -e .
The dead time m is then obtained from the equation m =t - ¢ .

Calculation of absolute clearance :
Taking a minute as the unit of time and a millilitre as the unit

of volume, three formulas can be used to calculate the clearance ex-

pressed in millilitre/minute.
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1) CL = Ag « V;. This formula gives the clearance based on the
development of the plasma activity. It measures the total clearance,
‘peritoneal and extraperitoneal (sweat and expelled air); this latter
:form, in normal conditions and excluding any perfusion, represents

only a negligible proportion of the total clearance,

C, » V2

Cl . t,

2) CL = . It is possible with this formula to calculate
the clearance, cycle by cycle, using real and measured values of
CZ‘ V, and t, the value C1 being read off the plasma activity graph.

2
The clearances thus calculated measure only the peritoneal clearance.

Naturally, they fluctuate from one cycle to another. In any case,
an average clearance can be established, the value of which depends

mainly on the number of cycles examined.
_ a—Ant
v, . V2 l1-e7D

3) cL = V, + v, t . It is possible with this formula

to base & forecast of the peritoneal clearance on the diffusion para-
meters alone. The same formula, using the curves in Figure 1, may be
used especially to calculate the optimal residence time in the peri-

toneum required to obtain the maximum clearance in operating conditions.
III - 2¢ - Experimental Results

Six sessions of dialysis were performed for\five patients. Details
or. the methods used in each session have already been published {41, The
graphs showing the steges of diffusicn and clearance are given, two
per session, in Figures 3 to 14X The first shows the stages of diffu-
sion in the peritoneal fluid, the second describes the clearance of

the body (water in the plasma) during the peritoneal dialysis.

A summary of the values obtained is given below.

* See figures 3 to 14 pp 153-164
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IIX -24 - Summary of the experimental study of peritoneal dialysis

Diffusion times ~ Table I

TABLE I

Diffusion times

Patient No 1 TD = 12.4 mn
Patient No 2 TD = 28.0 mn
Patient No 3 - Session 1 TD = 31.5 mn
Patient No 3 - Session 2 TD = 23.5 mn
Patient No 4 TD = 18.3 mn
Patient No 5 TD = 20.4 mn
Average : Tb = 22.3 mn

There is a significant variation in the diffusion periods between
subjects. It seems to be shorter in those suffering from chronic renal
insufficiency, repeatedly subjected to dialysis, but this requires

corroboration,

TABLE II

Dead Time (mn)

(ty+t5)
Patient {Direct calculation | Indirect calculation m/(t +t,)
, average 1 72
1 - 13-6 2602 0-52
2 - 803 24’7 033#
- 0.0 17.3 0.00
31 - 5.3 20.5 0.26
- 3.7 18.4 0.20
3 IL 6:0 - 18,0 0.33
L 4.6 - 18.0 . 0,25
5 3.0 - 18.0 0.17

This table shows that the dead time represents approximately
25 %, or 1/4 on average, of the sum of tl + t3, when it falls between
18 and 20 minutes, which is the normal time taken for an incident-free

cycle of dialysis.



Clearances

The cases studied show a good measure of agreement between the
clearances calculated by different methods; the few discrepancies noted

can be explained.

The table below shows the experimental peritoneal clearances and
the maximum clearances calculated on the basis of the average injection

and drainage times noted during the sessions.

TABLE III
Patient CL (ml/mn) CLmaxEml/mn)
1 35.5 36.0
31.6 36.5
31 273 28.5
3 IXI 28.0 31.0
36.8 i, 0
34,9 k1.0
Averages 322.3 36,0

Note: When sessions of dialysis included two stages, we have retained

only the stage best suited to the elimination of tritiated water.

Conclusion

What results can be expected when a person contaminated by

tritiated water is treated by peritoneal dialysis?

The clearances achieved during experiments reached an average
of 32.3 ml/mn and they could have been improved to 36 in optimal

dialysing conditions.
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It is also possible to estimate the probable clearance on the

basis of the average values adopted for the diffusion parameters.

If

Vl = #.3.104 ml (standard man)
v, = 2.10° ml

tl t3 = 20 mn

T = 22 mn

D -2 -1

Ap = 3.15.10 “mn

m =

5 mn (25% of tl + t3)
Then : m/'I'D = 5/22 = 0.23,

The best clearance is obtained for t/TD ~],viz t=22 ma. In

these conditions :

2.1 - ep% = 36 m1/mn
> t

0=22-5=17 mn and CL = "1 .
Vl +

<| <

To this value can be added the normal clearance which, “in a
healthy subject, amounts to approximately 2 ml/mn for a daily balance
between 2.5 and 3 litres. This therefore results in a clearance of

28 cm3/mn.

The clearance constant is deducted

and the clearance period Tp = 0.693/Ag = 13 hours.
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IV - Ciearance of tritiated water by hemodialysis
IV - 1 - Summing up of basic principles

The theory of the artificial kidney is sufficiently well known
for & detailed explanation to be unnecessary here, We shall therefore

merely refer to a few basic principles.

The mechanics of hemodialysis are the same as those for perito-
neal dialysis but it is a continuous process, without a dead time and
depending basically on the quality of the membrane, the geometry of
the kidney and the flow speed.

The cleansing power of an artificial kidney is expressed in
terms of dialysance, which are identical to those for clearance used

in reference to natural clearance.

If

Ql is the blood flow in ml/mn
QZ the flow of the dialysing medium

ClE the concentration of the substance in the blood on entering the
dialyser
ClS the concentration of the substance in the blood on leaving the
dialyser
C2E the concentration in the dialysing medium on entering the dialyser
C28 the concentration in the dialysing medium on leaving the dialyser
The dialysance D is obtained by using the formula :
15 ~ %is Cos - Cop
D=9 g%, "%t _ o
1E - "2E 1E - "2E
When C,p = O, which is the most frequert situation, the formula
C. o\ C
becomes : D= Ql - Elé = QZ . EEE
1E 1E

When the streams of blood and the dialysate are flowing in the
same direction, the best result is obtained from the dialyser when both

fluids have.-the same concentration on leaving it:
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The celculations then show that :

b ea.% 1 1 1
max Q1 + Qa Dmax Ql QZ

When the dialysate and the blood flow in opposite directions,

. The maximum dia-

theoretical equilibrium is reached when CZS = ClE.

lysance is then equal to QZ'

In practice, commercial dialysers, in which the two fluids flow
in opposite directions, do not achieve a real counter-current extrac-
tion such as would enable ideal conditions of equilibrium to be achieved
with the rates of blood flow used.

The limited extractive power of all dialysers is not generally
due to the quality of the membranes, but to flow characteristics and
to geometrical conditions governing the distribution of the blood and

the dialysate.

The best dialysing conditions are generally obtained with

8 flow of dialysing medium four times as great as that of the blood.
IV - Experimental work
IV -2a ~ Protocol of the experiment

The two patients subjected to tests had multiple injuries and
were suffering from acute renal insufficiency. The conditions in which
the water was labelled with tritium and the activity of the biological

fluids measured were the same as for peritoneal dialysis.
The hemodialysis process

In the clinic St Eloi in Montpellier for metabolic and endocrinal
diseases, extracorporeal flow of the blood is ensured by a surgical
operation, under local anesthetic, during which a Scribner type arterio-
veinous circuit is inserted betwesn a distal artery and a vein in an

upper or lower limb.



- 143 =

Disc kidneys of the KIIL type and "P.T. 150 cuprophane' membranes

are used. The '"heparinisation'" of the patient is general and continuous.

The rate at which the dialysing medium flows through the kidney
usually varies between 500 and €00 ml/mA. The dialysing medium consists
of : 100 meq of sodium chloride; 35 meq of sodium acetate; 3 meq of
calcium chloride; 1.5 meq of magnesium chloride and 1.5 meq per litre

of potassium chloride.
The following samples were taken during the session :

- blood entering the kidney : one ‘sample per hour;
- blood leaving the kidney : two or three samples;

- dialysing effluent : one sample every half hour.
Analysis of the results
The results were used to

- calculate the volume of the water compartment

- plot the clearance exponential, log ClE as a function of time.

The straight line representing the development of the activity

of the dialysates, 1ln C as a function of time, was plotted on the

25
same graph.

- Calculation of the dialysance by the two formulas :

c C

1S 25

D = Ql . - -——C and D = Q2 --v---—-C
15

Since the voluminal activities C and ClE were the same as those

1s
of the water in the plasma, the calculations of the flow Ql (and the
dialysance) were based on the water, allowance being made for hematocrit,
and on the average volume of water in the plasma (94%) and in the

globules (66%).
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~ Comparison of the dialysance achieved and of the clearance deduced
from the plasma clearance grsph.
IV -2b - Experimental results

Patient No 1 - Miss MES

Volume of the body water V = 904/37.1 = .... 2.3 litres

. Hemodialysis Conditions
Because of the low hematocrié reading in this patient, we used

only one sector of the kidney, since a two-stage dialysis might have

resulted in serious resuscitation problems.

Blood floW sescecsceosacanaanss Q) 128 ml/mn

115 ml of water/mn

Dialysate floW seeeesseescconsca Q2 ~ 600 ml/mn

Interpretation of the results
Clearance constant (ses Figure 15, p. 165 ) AE = 1.64.107 1072
Clearance Period ceseeosssacoscssccsasccsscssases T = 4,2 h

E
Clearance AE . V = (0.164/60) . 244,100 = vuuan. 66.5 ml/mn

Dialysance D = Q ( - Cls) =115 (1 - O.44) = 64,5 ml/mn
@
1E

c
D=Q,xg— = 600 x 0.11 = 66 ml/mn

Cim

The correlation between these values is satisfactory.-
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Patient No 2 - Mrs DES
Volume of body water V = 890/36.05 = ... 2L.6 litres.
Conditions of the hemodialysis

Because of the clotting of an upper stage of the kidney at the
beginning of the session, which put that stage out of operation, the

hemodialysis was carried out on one sector only.

Blood flow Q; = 160 ml/mn = 138 ml of water/mn (hematocrite = 29)

Dialysate flow Q, between 650 and 580 ml/mn (average 615 ml/mn).

Interpretation of the results

Clearance constant (see Figure 16, p. 166 ) Ag = 1.99.107tn7t

Clearance period s.ceesecocesoscccnssssccroce TE =3.5h
Clearance Ay . V = 9@%22 x 24,6 = 81.6 ml/mn

Dialysance D

il
@O
'—I
/'?
Q

- f}gg) = 138(1 - 0.424) = 79.5 ml/mn
1%

D=Q,. /28 =615 x 0.133 = 81.8 ml/mn
1E

Q

In view of the precision of the flow figures, the correlation

between the values is satisfactory.

IV ~2¢ - Conclusions on the study of hemodialysis

In this very brief study of hemodialysis, the modest results we
have obtained are due to the fact that, for various reascns, it was
possible to use only one sector of the kidney for clearance..iIn both
cases, the dialysances obtained for tritiated water (66 and £0 ml/mn)
came to approximately 58% of the maximum theoretical dialysis repre-

sented by the flows Q; (115 and 138 ml/mn) of the water in the blood.



- 145 -

There is good reason to think that this performance could be comsi-
derably improved if a complete lzidney were being used and that it is
possible to obtain a dialysance approaching 90% of Ql.

Assuming an average blood flow of 180 ml/mn, viz 145 ml of
water/mn, in a healthy subject weighing 70 kg, a dialysance in the
region of 130 ml/mn might be expected.

The following average values can therefore be taken for the

standard subject :

CL = 130 ml/mn

Ag = 3—3—9—5—%9- = 1.81.107 7t
43,10

Tp = 0,693/,1E = 3.8 h.

IV - 3 - Comparison of peritoneal dialysis and hemodialysis

The incontestable advantage of hemodialysis lies in its effec-
tiveness, which is noticeably greater than that of peritoneal dialysis.
The use of an artificial kidney for clearance does, however, present

certain disadvantages, in particular:

- the need to use an artery and a vein
~ the time required for the process

~ the risks involved in the use of the artificial kidney.

The main disadvantage of peritoneal dialysis is the danger of

infection which can be minimised by proper asepsis.

On the other hand, this method of clearance has considerable
advantages

~ the short time required for preparations;
- the patient's arterio-venous system is left intact;
- an extensive deployment of staff and equipment is not required

for supervising the patient's eqguilibrium;
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- the process can, if necessary, be extended over several days and the

dialysing cycles may be controlled automatically.

In conclusion, peritoneal dialysis is the therapy to be preferred;

hemodialysis is only advisable in exceptional cases.

This leads us to consider what procedure should be followed for

different levels of contamination.

V - Procedure to be followed for different levels of contamination

The level of accidental contamination by tritium is evaluated

by celculating the dose (dose equivalent) received,

General formula

(=)
"

51,2 €m = Q

where :

o
[}

the dose in rems to the critical organ

™
]

effective energy in MeV absorbed by disintegration

m = mass of the critical organ (in grammes)

O
fl

the total burden of the activity in the crital organ in /uCi-days.
Contamination by tritiated water

‘€= 5.7.107(F.q = 1 [51)

. Critical organ ( in whole body). The highest concentration of
water, approximately 80%, is in the gonads and the bone marrow. In
these conditions, the activity of the eritical organ is evaluated by
multiplying c, the concentration of tritiated water in the body water:

or the urine, by 0.8.
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Taking C to be the integral of the concentration in the urine,
the general formula becomes :
3

D=51.,2x5.7.107 x0.8x¢C

The dose is expressed in rems or in millirems, depending on
whether the integral is given in /uCi ml_l j—l or in /uCi l—1 jhl, If

we assume & single exponential retention function then :

and for t>» T,
A-1

= 0.23 A-lco

If we attribute to T an average value of 10 days (A = 6.93¢10-2)

the following formula can be used to evaluate the dose received:

D = 3.37 ¢o

The value cp is the initial concentration of the tritium in the

body water, when the status of equilibrium is reached.

As a guide, we shall give the burden in the body Qg which

corresponds for a standard men to the value cg

1st patient

D less than 10 renms
¢y less than 3/uCi cm"3
Qo less than 130 wCi

No intensive therapy seems justified. The only recommendation

would be to increase the daily ingestion of liquids.
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2nd patient

D between 10 and 100 rems
¢y between 3 and 30/uC:i.-cm'3
Qo between 130 mCi and 1.3 Ci

It seems to us that this patient should be hospitalized and
treated by osmotic diuresis which, if applied for some days, should

reduce the dose received by half.

3rd patient

D in excess of 100 rems
3

¢o in excess of 30 Ci-cm

QO in excess of 1.3 Ci

When the dose equivalent is higher than 100 rems, we think that
intensive treatment is reguired. The choice of therapy, osmotic diuresis,
peritoneal dialysis or hemodialysis will depend basically on the dose
received. In most cases it will be possible to use peritoneal dialysis,

a moderately aggressive process which can be carried out promptly in a

hospital environment.

The length of time selected for the treatment and any decision
to use hemodislysis will be based on careful calculations of the dose

which, depending on the treatment, will actually be delivered.

We shall take as an example the case of a standard man who has
accidentally absorbed 10 Ci of tritium, which,roughly, corresponds to

3

an initial volume activity of 230 /uCi/cm and to a dose of 800 rems.
The total dose D received by the contaminated person can be

divided into three components.

1. D1 = dose recelved during the time between the incident and the

beginning of the treatment. We shall assume this time to be equal
to 4 hours.

2. D2= dose received during the treatment with a half life of 13 hours.
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3. DR = dose to be received after the dialysis, with a half life of
10 days.
The total dose received D will be squal to the sum of D1+D2+D .
The following table s<ts out the doses received depending on the

length of the dialysis.

TABLE IV

Dose in rems delivered by 10 Ci of HTO in standard man
Dose received =~ 8§00 rems

Treatment by peritoneal dialysis

Duration

e N N I L
12 hours 9 20 410 bz9 55%
24 hours 9 30 216 255 32%
36 hours 9 36 113 158 20%
48 hours 9 39 60 - 108 14%

This table provides & simple forecast of the effectiveness of

the treatment depending on its duration.

If we take 48 hours as the maximum reasonable duration for the
dialysis, & dose approximately seven times less than the received dose
can be attained. If this reduction is thought to be inadequate, it
would be necessary to consider beginning hemodialysis as soon as
possible in addition to the periionesl dialysis. Such a decision could
be taken if calculations show that L& hours' dialysis will not be

enough to bring the dosg belcw 100 rems,

A therapy combining the two methods of clearance can give & half
life equal to

13 x 3.8

157308 hours,; viz. spprozimately % hours.
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Let us suppose for the sake of example that, in the case studied
above (absorption of 10 Ci by a standard man) the hemodialysis begins
12 hours after the beginning of the peritoneal dialysis, other factors

remaining unchanged.

Depending on the duration of the hemodialysis, the following

results are obtained

TABLE V

Peritoneal Dialysis (12 hours) + Hemodialysis

Duration
of the D, + D D D D, D/D
Hlemodialysis 1 2 > R T E
12 hours 29 4.8 25.5 59 7.5%
24 hours 29 5.1 1.6 36 4,5%
Dl = Dose before treatment
D2 = Dose during the peritoneal dialysis

D3 = Dose during dialysis + hemodialysis
Residual dose received after treatment
= Total dose

=z W

This table shows that one can hope to reduce the dose received by
a factor of 20.

A greater reduction of the dose could only be obtained by re-

ducing the delay in beginning treatment.

CONCLUS ION

Extrarenal clearance is an ideal treatment for accelerating the
elimination of tritiated water in the caée of serious accidental conta-
mination. The procedure which we recommend should not be regarded as
inflexible; it may be modified in the light of the clinical features
of each case. Nonetheless, we think that it can serve as a guide in

making the necessary decisions when incidents occur.
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or LASUEL (France)

There is =z hospitel in laris where pulmonary lavage has been

perforaed on occasion, and wo are currently developing an infrastruc-
ture for carrying out luvares in the case of an accideat. If tomorrov
yoiut sznt o subject contamincoted with L0 or 50 ,uCi of plutonium-239,

£y

a pulwouary lavare could be carried out with a good

wnd by a ¢eod lung surgeon.

Dr LCLZLL (U.::-)

Courd I ask Dr Lzfums cne guestion and meke one ccmmeat?

1. In what chericel and physical forw were the radiocactive materials
aduinistered to the aniaals before pulmenary lavege?

2. The communt roefers to the trest-ent of infdested radicactive mate-

r
risls. il hzs been shewu te rveduce the absoryption of stron-

tinm-00 from the sut by = faclor of L. Fotassiux iedice and iodate

.

can be used for trestment of thyroid irraliation by radioactive

K “

0
fodins, din cevere ccute cesces, antithyroid druss such as Thiourscil

ans Carbirnzzole weuld also e effcctive.
Dr L7 TL. {France)

The vsdinaclive substance sduinistercd was
nated at a high tenperature to meke it comy
must bt telow one rart per willion. Alginaie in eutrem:zly effective for

rrald absorrtisn of slrontiung, bult in ilhe nuclane dncdustry strontium

contanination urun

fmd
r

“
r
0
=
FJ
(a8

s frou innzloticn, fs5llowed by very rapicd
difTucinu, Your point eheut iodine in correcth, use stable
lodine, but this is not a new technique. I was

recent erd I Ao net knew ¢ auy new hod thrroid de-

conteninatiaon

contamiszation with iod

<)
I
]
o]
I
[



Dr STOTT (U.i.)

I kave three peints to make.
firstly I congratulate D Lafura

on his couraje. During discussions in the U.K.

of our nationzl experts could decide on a lung

a-euitters ¢t which this treatrent should be
irn dn Tact alnm

spoken cf 1G/u3i which

burders. I =a surs he will agree thot this

which horefully is rare, e also szid

be

very
J

strrtel Lefore 24 hours and should be

is the

started

on his excellent work and also

on this subject none
burden of insoluble

started. Lafuma has

st 1CC0 naximum pernissible lung

sort of accident

that the treatment mmust not

within four days.This

means thnt there is Jittle time to muke accurate estimates of lung
burden. 3o we have = situstion wher~ a rare type of accident must be

dealt wvilh quickly and the trouble is that un1 es5s
are frequenily tested they fail to respond w%en

s hospital srrangements

needed.

Secondly, with Jung lavage you can approrently renove BOZ of the
initinl cCepesited activity. If you start at 1000 maximum pernmissivle
lung buvdens you asre thern left with SCC maxiwum yermissible lung bur-
dens. Locs Le consicder thet 0:T0 tlerapy sheuld also be given arnd if
sn, should 1t be given simultanc ly or after the lavage.

Lastly, his expsvriwments were corducted with healthy young mon-
lreys. Do2s nhe think tle response would be egually good in the typical

worker we bhave in

Sr Laliis (¥rance)

It is effectively above 10 microcuries

started.l should like to cod thet I {hink it
cetually obtain guch o high lung burdern with

conditioneg of would Lave

to absorb a mass of nuterial represeatiag

toniu "“*-.:._‘),3

1
vity. On the otker hand, our experjenc- with
t

oxide in psrticulsar, icates

nat this type of

the U.K. - a middlc~-aged smoliing bronchitic?

that treatment should be

would be guite unusual to
pluteniun-229 oxicde. The

ry unusual for the lungs

ags
wincrocuries of radioacti-
. Al
lutonium-23C, and plu-

accident
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could very well happeu. The mass of nsaterizl reguired is very small
and the éilfusibility of plutonium-27 is very high. And basically
this methed, Lf and vhen it is apylied, will be used mainly in the

s I ' J
case of contam tion with plutoniwne-238 oxide. In such a case, with
a completely insoluble oxide like the plutonium oxides, DTPA would add
rothing to the deceoataminstion effect. But with americium and curium
oxides irhaled ia the foram of insoluble particles, we often observe
extrenely rapid soluvtilization in the lungs and pulmenary lavage would

A

v

therefere not bYe worthwhile. DITA alene is much neore effective. That

is why it ie¢ immortent to check thst the substance to be eliminated
is insoluble before commencing treatuent involving lung lavage; other-

wise there is no point in doing the lav:

B3

. As for your comment on

=xtraposlation frow primates to workers, it is rather difficult to give

[s1)

you an answer on this, «3 we do have little spportunity to test the
t

reaticent on huuan beings. It is to be hoped thit workers would resrond

sy

L
v

-

1t lezst as well es prinates to lavige ftreatuent.

Dr 1ITC {France)

In the course of the discussis»n ve have touched on one problem
te dndine contonination which I o not quite understand. It
is guitc normel In nuclear mecicire to block lodine metabolism not only
1 th an iedine netabolism, espe-.
cially ~ostric cells, Ly ingertion of yotacsiuw perchlorate or irnjectica
rhndanate). In view of this I do rot
see vhy tho coavwe method should not Lo used in ceses of accidentel

iodine contomination.

In nuclear mzdicine these rrolucts are alministered before ad-
mindistration »f icdine., It should he noted that sliministration of
atekle icdine by dingestion is very easy and effectively blocus the

1

thyroil ~lun”, whizlh is the only problem from the noint of view of pro-

tection.
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Dr YIJETR (Netherlands)

Inzoludble IulC, concentrates in the lynmph nodes and gives a more
(8
concentrated irradiation there than syread in the lung. Is this incor-

porated in selting & value as lndl“athh for lavage?
. Tk Ty T s
Dr LATUIN (France)

In the case of alpha emitters I spole of activity levels, not
rede -~ the figuraes rep: ies and nanocuries in
the #lveopli. Given th n, czlculating in rads
weuld be of 1ittlec use. (un the other hand, for bLeta emitters, which
have » longer range, I have siven the fijures in rads because the energy
of batn particlzs can vary very widely and it would be of little use

tc give valuzs in terms of activity, Thet was why I mentioned the

figure of 1,CC w35 the level above which lavaze treatment may be

congi ored for tela enitters. We canct calculzte in rau’s for alpha
emitters.

Dr UBUSE (Belgius)

Your tests and measuremcenls were on anuric subjects, With healthy

sutjecls, where renul funciion is perfectly mainteined with peritoneal
Glalycis, what fect will this diurcsis have on the effectiverness of
the r.D.9 (IF instillsation cf 21 cof liguic will affect diuresis). In

n the two types of purge
{(peritounral and renszl) in healthy zrndiroidce? And is there any advantage
in using the peritoneal technique with healihy subjects in preference
to ccaotic diuresis, wihich can be carricd out without any special

equipment, even theat which is normelly available?

Sr LIELRI (irance)

I co not think there would Le the siightest interference between
ornnl filtration by tihe kidnsys and hemrodialysi I just thizk that
normz=l kidney filiration is roughly 2,(C0C 1litres per minute and would
- 1

therefore adl to the filiratioa effect of the exira-renal method. I 4do

not see why there should be any interfercnce as lors as the individual
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eats or drinks,

Dr. RITZL (FRG)

What disezses or conditions would, in your opinion, represent a

contra~-indication for pulmonary lavage?
Dr LAFUIYL (France)

I ¢o not know . I think you would have to ask a specizlist in

pulmopary petholesy; I admit that I have not thought about this.

At which level of contamination of the lung by insoluble beta
enitters do you suggest o recommend pulmonsry lavage; considering

Lthat the event of pulwmonary fibrosis nust reasonably be excluded?
or LASTUNA (T‘ TLCC)

ave the fizure of 1,000 rads in a normal individual contami=-

any other additionsl toxicity. This ic a tasic fisure, rot an absolute
velue; it is the limit cbeve which one can seriously censicer the pos-
sibility of treatmeat by lung lavace. Cuiviously the figure would be

o

lower in the case of radicactive svbstinces in a form having a very

‘T“

ipgh level of chemical toricity.
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BIOLOGICAL HAZARDS OF EXPOSURE TO MICROWAVE RADIATION

E,H., Grant

In this brief communlcation the facts concerning the effects of
microwave radiation on biological tissue will be reviewed and inter-
preted in practical terms. Areas where controversy still exists will
be discussed and mention will be made of some of the outstanding

prolblems yet to be solved.

More than 15 years ago the maximum permissible recommended power
level for microwave workers in the United Kingdom1 was proposed as
10 mw.cm.-a. This was in line with the American recommendation which
was based on observstions made 2 on rabbits.that cataract could be
produced by microwaves at power levels of about lOOmw.cmfa.Bearing in
mind the possible errors in dosimetry and the fact that different
species might react differently a figure of ten seemed to be an appro-
priate scaling factor for the purpose of producing a maximum permissible
intensity for personnel working with microwaves. This figure of
10 mW. c:m"2 also appeared to be of the correct order of magnitude in
that it is only about twice the amount of heat given out by the human
body under normal conditions., A typical human has & surface area of
about 2 square metres and loses heat at a rete of 1CO watts, i.e.
5 mwW, ca~. In the past few years the Amcrican Standard’ for the
emission of radiation from microwave ovens has been lowered ‘l:o.‘l.m'»-l.cm“2
at 5 cm distance from the oven at the time of its sale and not more
than 5 mw.cm"2 during the working life of the oven. The maximum per-
mitted levels in the USSR and other Eastern European countries are
10~ 100 times less than the American figures. The first comment which
must be made is that it is necessary to distinguish between a microwave
hazard and a microwave effect. Clearly there musi be scme effect when
microwaves interact with a medium, whether it is an animal ér a piece
of inanimate material. Whether the effect constitutes a hazard depends
very much on the circumstances and upon personal opinion. However it
wonuld be emphatically agreed that cataract is an undesirable effect and
that the risk of its production in those expcsed to microwaves must be

reduced to negligible proportions. To date no cases of biological injury
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have been observed in man which can be clearly and unambiguously at-
tributed to microwaves at incident power levels of 10 mw.cm-2 or below,
As large numbers of military personnel have been under close medical
tsurveil]ance‘+ over a period of time longer than that during which
cataract would be expected, this result.is reassuring. At higher power
levels lens opacities in humans due to microwaves have been reported5,
as have retinal lesions6 due to microwaves of an unspecified power
level. Also there are the well known cases of glassblowers cataract
or furnace workers catzract which occurred in the days before pro-
tective gopggles were mandatory. These latter cases of cataract were due
to infra-red radiation but the low frequency end of the infra-red region
merges into the high frequency end of the microwaves reglonjthe basic
difference between the opacities is that tkey occur more superficially
in the lens for infra-red radiation.

At microwave power levels below 10 mw.cm"2 various effects have
been reported. For example mice exposed.to microwaves of an incident
power level of 0.5 mw.cm-2 were affected in that the circadian rhythm

7

of the mitotic index of the bone marrow cells was shown' to be signi-
ficantly altered 24 hours and 48 hours after cxposure. After three

days a full recovery was observed, with no significant difference bet-
ween the exposed animals and the ccnirols. There is no reason to expect
that similar effects would not be observed in man. At still lower

power levels -~ even as low as S/uW.cm-2 - effects on isolated nerve8
and muscle fiores of the frog have been reported by Russian workers .
These effects include a slowed conduction of nerve impulses and an
increased synaptic delay. At slightly higher power levels (30/uw.cm-2)
inactivation of the brain of cats and rabbits has been described  and
in the same paper numerous effects on the central nervous system of
animals are reported at incident power levels of between 1 - 10 mw.cm‘a.
One must presume that these effects are reversible and therefore need
not necessarily be designated a hazard. However, in the same publica-
tion it is claimed that irreversible damage to the reproductive system
of mice can occur at exposures of 10 mw.cm"2 and evidence is also ad-
vanced that lens opacities can be produced in rabbits my microwaves of
power level 10 mw.cm_g. Another rclatively low-level effect, which has
been repcrted by French workersg, is the reduction in the sensitivity
to paralysing drugs of rats irradiated with 3 GHz microwaves at an

intensity of 5 mw.cm-a.



The above facts taken together appear to indicate the possibili-
ty of contradiction between the conclusions arrived at by different
workers in the field of the biological effects of microwaves. Of the
various reasons that might be proposed to account for this, two are
particularly worthy of consideration. They are the difficulty of
measuring power levels accurately and the variation with frequency of
the biological effect for & given incident power level. In other words
it is only possible to make strict comparisons between two experiments
concerned with the bioclogical effects of microwaves if the frequency
is the came and if the dosimetry is accurately controlled in both

cases. Until such time as a small isotopic and wideband field

1,10,11 12

sensor is developed and the effect of geometry is understood
the errors associated with the measurement of incident power level at
the surface of an animal are likely to be large. Given an accurate
value of this power level a knowledge of the electrical permittivity
and conductivity of the appropriate tissue (e.g. lens) is required to
calculate the energy actually absorbedlj. Although there is an under-
standing of the electrical properties of tissue below 1 - 2GHz it is
necessary to make the corresponding measurements at frequencies higher
than this, particularly as there is good reascn to expect rapid chan-
ges with frequency of these electrical parameiers as the frequency is
increasedlh. Furthermore absorption of energy in the water immediately
adjacent to the biological macromolecules (bound water)lu will become
increasingly important at the high frequency end of the microwave
region, as will the possibility of resonance absorptionls. Increased
research effort in the areas of dosimetlry and the electriczal proper-
ties of tissue over a wide frequency range will help to resolve some
of the apparent ambiguities and contradictions existing in the field

of microwave biclogical effects and their associated hLazardse.

All refercnces are to the Internatioual Symposium on Biologic
Effects and Health Hazards of Microwave Radiation, Warraw, October 1973,
gponsored by the World Health Organisation, the U.S, D%pariment of
Health, Education and Welfare and The Scientific Council to the Mi-
nister of Health and Social Welfare, Poland., Proceedings ere published
by the Polish Medical Publishers, Warsaw, (1974). References to car-

lier work can be obtained by consulting this volume.
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BIOLOGICAL RISKS RESULTING FROM THE USE CF LASERS

L. Miro

Between 1960, when Maiman and Javan developed the first laser
beam and 1967-1969, research has centred mainly on the principle of
laser emission itself with a view to creating new types of laser and
increasing the levels of power and energy emitted. Since then, while
theoretical research continues in the laboratories of universities
and large industrial firms, there is an increasing tendency for laser-
based systems to be devised and put into use. At present, such systems
are used in metrology, data banks, telecommunications, holography,
machining, microelectronics, nuclear research and medicine, and this

list is not exhaustive.

It is quite clear that in view of these applications, which are
as numerous as they are varied,users have felt concerned about the
dangers which might arise from such systems and during recent years
we have seen many regulations of a more or less official nature intro-
duced to deal with the use and installation of lasers. It is therefore
useful, at a time when lasers are being developed for industrial use;

to try to evaluate the risks involved,

The first feature of this problem is that it seems impossible to
solve it without understanding the nature of laser rediation and the

manner in which it reacts on tissues.

If we consider the history oi its developwent, the laser, which
is an acronym of "light amplification by stimulated emission of radia-
tion", should be an amplifier of optical electromagnetic waves using a
quantum process. In fact, "lasers" are bhssically gir-rators of coherent
electromagnetic radiation at optical frequencies. In "conventional"
optics, a light source radiates in &ll directicas in space and the
waves associated with the different photons which make vp this radia-
tion have a variable phase. Besides, all photons do not necessarily
have the same wavelength. On the other hand, with laser emission, the

waves agsociated with the photons are all in phase, there is radiatioun
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in only one given direction and all the photons have the same wave-
length,

In brief, a laser beam is therefore an emission of electromagne-
tic waves coherent in space and time whose wavelength is in the vi-

sible infra-red or ultra-violet region.,

There are different types of laser, classified according to their

wavelength their energy or power and their mode of emission.

Some have a pulse length of 1 to 500 ms. They are said to be
"relaxed"., Others have even shorter pulse lengths of about 4 to 50 ns,
which allows considerable instantaneous power of some 50 gigawatts or
more to be reached. These are what the Americans call "Q Switched"
lasers. In such cases it is usually the energy produced by the laser
which is considered. Finally there are continuous wave(CW) lasers,which
are classified according to the power of the laser during the exposure
time, It should also be noted that pulsed lasers can operate at re-
peated intervals and that in that case account should be taken of the

frequency with which the pulses are repeated and of the exposure time,

The biologicai effects of laser radiation are complex. There are
in fact several processes by which the laser reacts on living matter:
firstly, the thermal effect resulting from the absorption by that
matter of the enormous amount of energy contained in the laser beam

and from its local degradation into heat.

Because of the intrinsic properties of the laser heam - it does
not scatter and can be focused - the energy which’it carries can be
concentrated by classical optical methods (mirrors, lenses, etc) on
very small surfaces. The degree of heating which this produces is
sufficient not merely to burn the tissues within a very limited area

but very often literally to volatilize them.

This thermogenetic effect is normally considered overall, i.e.,
it burns all types of cells irradiated by the laser beam. However,
the effect can be much more selective with only a definite type of cell

or even a constituent substance of the cell being destroyed,



In fact, certain tissues or certain substances, because of their
chemical composition, selecztively absorb light on a given wavelength.
Thus, most emino acids have an absorption peak at 280 nm; vitamin B12
shows three absorption peaks st 278, 361 and 550 nm; diphosphopyridine
nucleotide (D.F.N.H.) selectively absorbs 260 and 340 nm. Therefore if
a laser beam, whose wavelength corresponds to an absorption peak of one
of these substances is used for irradiation, most of the energy will
then be selectively absorbed by that substance., The result is the
destruction or denaturatir: "in vivo'" of one or other cellular
constituvent though this does not lead to the death of the cell. This
selective effect has been experimentally established for Cytochrome B,
which is one of the links in the oxidoreduction chain governing cellular
respiration and which shows an absorption peak at 564 nm. It is the
only link in that chain which [ixes molecular hydrogen in the presence
of oxygen. When a cell culture is irradiated with a 1 mW laser on &
frequoncy of 530 nm, a reduction in the‘cellular respiration rate of
more than A0 is noted. If the same culture is irradiated with a ruby
laser (694.3 nm) or with 2 He Ne laser with & frequency of €32.8 nm,
using the same pover, no effect on the respiration is otserved., In the
former casc histochemical studies show that only Cytochrome B is
inhibited.

Another biological effect is determined by the electric field
which accompanies the laser beaus, Because of its spatial ‘ccherence,
this field can recach considerable levels comparable to those of
interatowic fields. It is therefore not surprising that it can affect
the physical constents of the milieu it passes through, such as con-
ductivity or the dielectric constant, or trat it can upset the balance

of ceértain chemical reactions ané even reshape certain molecular systems,

At the very least, it alters nembran~ polarizaticns, thus
Gisturbing ion exchange in the cells and giving rise to functional

disorders c¢f the tiscues.

The laser also acis on livinrg matter in a purely mechanical way,
by producing shock waves at the place of impact, caused by the pressure

of radiation which is considerable at that point,

These waves force back the cells by forming a definite crater or

by directing the molecules in the direction of the laser beam.
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Moreover, these shock waves give rise to very marked uyltrasonic
phenomena which, spreading into the surrounding milieu, can cause

lesions in living tissue at some distance.

Finally, the laser shows effects never previously obtained in

practice with non-coherent light: these are the non-linear effects.

Thus, with the laser beam, ir certain conditions and.in certain
milieux, the wavelength of the beam itself can change : a red beam may
produce a green beam which in its turn can produce an ultra-violet
beam. While red is inactive from the bilological point of view, ultra-
viclet, especially if emitted in these conditions, is very harmful
to living cells., Moreover, these same non-linear effects can cause
acoustic waves (Brillouin effect) which must be taken into account
biologically, although our understanding of this phenomenon is still
very imperfect. Finally we must not ignore the multiphoton effect,
i,e., the ability of several photons to combine their energy. While
with non-coherent light the chance of such an effect being produced
is practically nil, it is considerably increased in conerent light,
since it is a function of the 4th power of the electric field of the
wave which, as we have scen,is of great intensity. Also, red laser
photons can have an €fect which is similar to that of blue, ultra-

violet or even J-ray photons,.

We can see, therefore, that the action of lasers on living matter
is complex. Depending on the type of apparatus used and especially on
the modus operandi, one or other of these effects will predominate,
although it will not be possible to isolate any one of them. This fact,
combined with the fact that many of the effects deecribed are still
not clearly understood, justifies the caution we must use in estimating

the risks arising from the use of lasers.

Since the laser emission is in the visible partof the spectrum, it
wvas reasonable to assume that the eye would be the organ most at rigk,
and this has been experimentally established, making the eye the cri-
tical organ in this type of radiation.
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If we are concerned simply with the lesions which lasers may
cause to the eye, it is quite c¢lear that the thermogenetic effect is
of central importance, Hewever, while it may seem easy a priori to
establish treshold values of energy or power beyond which radiation
would result in a lesion, it is in fact the case that the parameters
involved, either physical {wavelength,mode of emission, length of ex-
posure, power or energy emitted etc.) or physiological (focusing pro-
perties of ithe eye, conciticn ¢f retinal circulation, degrees of
pigmentation, diameter of th2 pupil etc.) are so numerous that the

problem is very complex.

In fact, the standsrds at pregent in use were drawn up on the
basis of the least faveoursble readings for these physiolcgical para-
meters, cince it is usually impossible to monitor or anticipate them
because they vary from onc subject to another and in the same subject
from one moment to anothner, The diameter of the pupil can vary from
2 to 7 mm depending on the wmount of light, so the standards were
based on a pupil diameter of 7 mm., The standérds therefore take the
form of sets of tables wihich allow the risk in each case to be deter-

mined individually.

Basically, it is necessary to remembver that ultra-violet and

infra-red lasers, in particular CO with a wavelength of 10.6 p, are

2
more dangerous for the cornea and thes lens than for the retina, par-
ticularly since the beams are invigible to the eye and the intensity
can be so low that the subject is not consciously aware of it, The

most likely risk in that case is cataract formation.

On the other hand, lasers emitting in the visible band sare
extremely dangerous for the retina, In effect, the eyele diopiric
system concentrates the almost paraliel snd very eneryetic besm of
Yight which strikes it on a point situztsd on the r. %t .a with a dia-
meter of between 10 and 200 x#, The dincrease iun the dencily of enevgy
registered is therefore about 105. Tfaus 1f the veadisnce of a laser
beam is 5 nW cm-a at the cornea, it resches at least 500 W 052 in the
retinal image. It is lherefore easy to undersiend in thesz conditjoac
that the pigmentary epithelium cen bt» verv rapidly destroyed, bubt ouly
over a very small area. Since this epithelium cannot Le regenerated,

an optic hole results, & kind of klind spot, of which the subject is
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not aware because of the areas of visual integration in the occipital

cortex.

If there is only one lesion, the resulting visual damage will be
negligible. On the other hand, if there are multiple lesions, the
functional impairment will become progressively more serious, hence
the increased danger of repeating pulsed lasers and CW lasers. In
effect, there is a tendency for the eye, by its abrupt and unconscious
movements, to present a different part of the retina several times per
second to an incident beam, and multiple retinal lesions may therefore
occur as a result of exposure to radiation from lasers of this type

for a relatively long period of time.

Finally we have until now considered only lesions of thermal ori-
gin. However, it seems that repeated exposure of the eye to less intense
low encrgy beams, subliminal from the thermal point of view, can even-
tually lesd to permanernt alterations in the.physiolcgy of the eye, In
this connection, we should rememver the selective effect of certain
wavelengths on various chemical mediators and the existence of other

physiological effects about which little is known at present.

The second organ affected by laser radiation is the skin, but
since the skin has no automatic focusing system it is much less sensi--
tive than the eye. The general problems - occurrence of lesions, their
thermal origin, the‘possible effect of répeated low intensity exposures,
s2fely standards - are the same as those which apply to exposure of the
eye; the orly difference is in the energy or power involved, since
there are much higher energy thresholds for this type of lesion. Finzally,
it should not be forgotten that skin heals and that the short term
consequences of a cutaneous lesion raused by a laser are less serious

than those for an ocular lesion.

Safety standards have until now dealt only with the thresholds
beyond which laser lesions could occur. However, in view of the wider
use of lasers in metrclogy, in particular their use in aviation alti-
meter systems and in public may be affected by laser radiation. In such
circumstarces, the lesion threshold level is of secondary importance to
the question of function. Let us take the example of someone driving
his vehicle on a motorway and unexpectedly bteing struck in the eye by
a laser beam fiom some surveying equipment. The destruction of a certain
number of cores and rods in that person's retina becomes of secondary

importance to the psychophysiological reaction which will result from



- 184 -

the impact of the laser, and the road accident which that reaction may
cause. In effect, hospiial emergency departments are quite familiar
with accidents which happen as a result of the driver being dazzled,
even momentarily. In such a case, it is necessary to establish not

the lesion threshold but the dazzle threshold in order that safety
limits may be determined before a given piece of apparatus is used in

public.

In conclusion, it is clear that at present most permitted exposure
levels are established on the basis of physiopathological data relating
exclusively to thermal effect. In view of the knowledge currently at
our disposal, it seems natural and even desirable to determine as
quickly as possible lesional levels vhich are universally accepted,
easy to apply and based on the hazards resulting from thermal effect.
lowever, it is quite clear that such a table of permissible exposures
will be incomplete since it will not take account of other physiopa-

thological effects.

Jt is therefore essentisal to intensify - the work being done to
define these effects more precisely and to create a central body capable
of ceordinating rescarch and collating results and so graduslly
supplementing our knowledge of the real hazard arising from a particu-
lar wavelength or from different aspects of laser radiation. In this
way it would be possible to update the safety standards for laser ap-
paratus, which would ensure an increasing degree of protection for

workers and the public.

Dr WIJKFR (Netherlands)

Are the resonance lines a tonsequence of the introduction of

(thermal) quartisized vibrations in' the molecules?

Dr.GRAWT (U.K.)

The answer to the question is yes. Those lines, in oilher words
1]

the resonance absorption, are due to the resonances betwesn quantisized

. . io
energy levels in the molecules with a frequency of about lOL( Hz
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Dr GIUBILEO (CEGC)

Is it possible that the disturbance in the circadian rhythm of
mitoses in the bone marrow is a secondary effect of neurohormonal
disturbance? I should like to know whether any histological lesions

have been observed in nerve cells.
Dr GRANT (U.K.)

Unfortunately I just can't enswer that question, that particular
branch of microwave effects is an area that I have not worked in myself,
and I don't know muck about. It was my intention to try to be as com-
prehensive as possible and to describe the work which has been carried
out by vurious other pecple. So I was merely describing the results cf
the Polish work, but I am not competent enough, I am afraid, to give

an interpretation.
Dr FABER (Denmark)

I think if I had to answer the gquestion, I would say that any
measurenent of circadian rythm is to such an extent depending on the
total state of the animal body, that some sort of central regulation

must be involved.
Dr PELLERIN (France)

Could Dr Grant and Dr Miro give us their opinion as to tke
existence of biological damage thresholds for non-ionizing radiations,

as suggested by the ICRP in Report No. 22 for ionizing radiations?
Dr GRANT (U.X.)

We have to discriminate pbetween the thermal and the non-thermal
effecto. Regarding the thermal effects there must be a threshold for
biological injury, which is more or less 10 mw/cmz. But the non-thermal
effects, such as the effect on the central nervous system, if these
are clearly and unambiguoucly proved, then I suppose that there must
also be a threshold which will be very difficult to evaluate and it

would be considerably lower than the threshold for thermal effects.



Dr MIRO (France)

In reply to the question on thresholds for non-ionizing radia-
tions, I agree in part with Dr Grant that we must make a distinction
between the thermal effects of non-ionizing radiation, on the one hand,
and the non-thermal effects on the other. As far as the thermal effects
are concerned, I think that we now know roughly what we should aim at,
and that the dose of 10 milliwatts per cma, which has been adopted by
all western countries, is probably right - although we may have to
adjust this figure, I think that roughly speaking it is the right one.
However, as far as the non~thermal effects are concerned we are gtill
completely in the dark bLecause it is quite impossible to make exact
measurenents, as Dr Grant just pointed out. As scon as you put an
animal in a microwave field you automatically alter the field. As =211
measurements at these energy levels are based on the effects of the
electric field, your measurements will automatically be incorrect.
Until we manage to solve this problem, we will be unable to solve the
problem of dosimetry and cafety standards relating to non-thermal ef-
fects. There is another phenomenon which alsc affects measurement,
Living organiems, both animals and human beings, can divert ulira-
short waves. Ve have actually carried cut an experiment which involved
teking e radiation emitter and placing a-sheet of plastic underneath
it, with neon tubes below that, so that when we put an animal on the
plastic underneath it, with neon tubes below that, so that when we
put an animal on the plastic sheet, we obtained waves reflected on
the neon tuhes. If we put two animals on the sheet; the reflected
waves are displaced with the animzls, bul when the animals approach
each other there is a certain moment even before the animals are
touching, when the two reflected waves join te form one, In other words,
the anirals themselves will influence the field expévienced by other
animals. Our knowledge of these cffects is still imperfect and it is
clear that they are liable to affect the fields we are trying to

measure,
Dr JAMMET {France)

Our approach to non-ienizing radiation should be based on what

we have learnt so far about iopnizing radiation., Rzdiation protection
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has to do with lesions, not with non-injurious effects - we know that
both types of radiation can have temporary, reversible neurological
and opthalmclogical effects, but these do not constitute injuries and

should not be taken into account when establishing safety standards.
Dr MIRO (France)

I agree entirely with Dr Jammet, on all but one point. There can
be injurious effects which are unstable but neverthelecs constitute
an injury for the person concerned, even at low exposure levels. When
Dr Grant said that there had not been any clinical experiments, he was
obviously unaware of the work done in France at the time of the Alge-
rian war, when there was de facto, unintentional experimentation on
human beings. During the war, it was necessary to put a certain number
of persons in very confined radar stations, and, for reasons of secu-
rity, these men were obliged to stay inside the enclosure 24 hours a
day. We compared these enclosures with identical ones without radar
faciiitiers and we found a difference, gignificant to 1 in a thousand,
in ithe occurrence of neurovegetative phenomena of vsrying severity,
but which in some cases led to loss of consciousness for several hours,
so thatl the persons affected had to be hospitalized. When the patients
arrived at the hospital in Constentine, no anomalies could be detected
apart {rom some disturbance of ionograms and blood resistance. As soon
as it is clear that phenomena can occur and can affect relationships
between individuals - for there was & high level of psychological
disturbance ~ we have a duty to take account of this, in sonsitive

subjects, and to protect them from such risks.,
Dr PELLERIN (France)

In the most interesting example just given us by Professor lMire,
was proper account taken of psychopathological symptoms, pessibly
linked with the extremely unusual conditiens in which the soldiers hed

to work?
Dr GRANT (U.K.)

I would like to make a comment to the corntribuiticen of Dr Jamnet,

He said that there are a lot of similarazties between the sitnation of
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ionizing and non-ionizing radiation, but there is a very important

9

difference: the quantum energy of ionizing radiation is about 10” times
greater than the quantum energies due to microwaves and this is the
reason of course that in the one case there is sufficient energy to
cause ionization and in the other case there is not. The damage caused
to the nuclides of the cella by ionizing radiation cannot occur with
the microwaves hecause there is no sufficient quantum of energy. A
question to Mr Miro about these experiments in the Algerian war. What

power levels were these men ¢xposed to?
Dr MIRC (France)

The power level was approximately 0.3 milliwatts per cmz. On the
other hand, the studies made after this discovery were carried out in
French bases where the probiem was completely different, as the persons
concerned could return to their homes and were only exposed for a certain
length of time during the day. However, for & number of bases with
particularly high expoczsure levels, the information we obtained was
identical. When we contacted one of our Russian colleagues, he con-
firmed that the same type of neurovegetative symptoms had been found
there too in isolated bases. This indicates that, after all, workers
must be present for a certain time or be .exposed to a certain radiation

intensity, before these phenomena can be observed.
Dr JAMMET (France)

A certain smount of information is svailable,; particularly from
the Soviet Urnion, on rersons showing psychopathological symptoms after
exposure to lonizing radiations. But whuat exactly is the situation for
persons exposed to radar radiaticn 24 hours a day? No doubt they must
be exposed to high-energy doses. When a person is exzored te high doses
of ionizing radiation to the whole body, he or she will, first of ali,
be affected by nausea and vomiting. In this case the body is subjected
to ionization, whereas with non-ionizing radiations, it is axposed to
thermal stress, Hcwever, in the case of non-ionizing radiaticas, the
energy levels are extremely low and it is urlikely that they could
cause significant phenowmena, No electromagnetic radiation, ionizing or

otherwise, can give rise to these symptoms when the energy levels in-



volved are very low, I am not suggesting that there are no effects on
the nervous system and the eye, but that these effects are not injurious

and should be considered as negligible,

Dr RECHT (CEC)

This is an example of the caution with which we should approach
and interpret scientific information. What concerns us here is the
interpretation of this information in terms of public health. We may
consider that any anomaiy which can be detected at the level of cell
cultures or at the psychosomatic or enzymatic level can have reper-
cuscions in certain sectors of the environment, but we should not then
conclude that these repercussions &re 'per se' evidence of adverse

effects.
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NATURE CF MEDICAL EXAMINATIONS OF PERSONS WORKING WITH LASER BEAMS

Dr Renz (FRG)

Wherever people are exposed to particular health hazards in
connection with their occupations, industrial medical precautions must

be taken.

This principle also applies to the use of laser beams, a branch

of modern technology which is still in the process of development.

Lagsers are sources of intense, sharply focused radiation in the
visible band or the invisible infra-red or ultra-violet regions of the
spectrum. In the previc i lecture Professor Miro gave a full account
of the biological hzzards. But it should be noted that the =ffect
produced by lasers, if one discounts extremeiy brief and highly in-
tensive irradiation, is mainly one of heat. In short, laser injuries

are usually localised burns.

The main danger cansed by laser beams is to the eyes. One must
distinguish between radiation capable of penetrating the eye and
radiation which is absorhed in the outer layers of the cornea. The eye
refractors arec pervious to light whose wavelength lies between 40C
and 1 400 nm, i.e. to visible laser light and radiation in the near

infra-red region.

Because of the special physical properties of laser radiation,
the beam which was already well focused can be exircmely sharply

focused on the retina. The size of the retinal iussge is limited only
by defracticn, In extreme cases, the i~tensity of '!i¢ veam may thus
be increased more than a hundred thousand feld. The eyeground may

therefore be injured by radiation of relatively low intensity.

Injury to the eyzground and esperiually to the retina may range,
accerding to radiation intensity, from very slignl camage to limited
groups of cells to rare cases of devastation of portions of the eye.
Laser injuries to the eyeground are mainly limited burns on the retina
wnich later cicatrize,



o

Ao

et
!

An injury of this type was reported by Florian and Laue. Dr Florizan

was kind enough to provide me with the slide which I am about to show.

This is a photograph of the eyeground with a limited burn cen-
trally located in the regiorn of raximum visual acuity. It was calcu-
lated that this inijury wes canged by radiation of not more than 4O
m-Joule fror a ruby laser. Thae visual power of 5/4 which was known
from earlier examination, wasg reduced as a result of the accident to

5/20.,

Damage to the retina c¢sused by burning is usually irreversible.

Wherc the retina is scarred, it no longer performs any optical function.

In the vicinity of the nacula or the optic nerve even minor

burns cause permanent impairment of vision.

Less cevere, peripherally located injuries usually have no sub-
jective effect on the victim, It is thus guite possible for such peri-
pheral damage to the retina not to be detectéd until a routine eye test

is carried out,

In one accident in which the peint of Iimpingement was cutside
the fovea the objective result observed was a limited scotoms. Tho
subjective effect of focussing the damaged eye with the undanmaged eye

closed was a minor blank spot.

Such damage to the retina can only te caused by laser beams
whose wavelength lies tetween 400 and 1 400 nm., Damage caused by the
use of lasers whose radiation in the infra-red or ultra-violet band of
the epectrum lies outside this range, are to be regérded as injuries
to tlie cornea of ithe anterior segments of the eye, and to the skin in
general., As in this case the team is rot focused by the eye, the ra-
diation intecsity reguired for damage to the ccrnea or to the skin in
general is pgreater by mary factors of ten than that whirk may cause

injury to the retins.

The main critical orgnn is thus the eve, ecpecially in cases where

raciation peretrates the eye, lrecautionary examinations of persons

vho work with lasers are therefors primarily erye tests.



There are many national and supranaticnal laser safety rules or

draft rules regarding medical surveillance e.g.

Americsn national standard for the safe use of lasers of 1973

ANST 7 136.1

Guide on protection of personnel against hazards from laser

radiation: British Standerds Institution BS 4803 : 1972
Buropcan List of Occupational Diseases: Appendix II ~ C 3b Lasers

Draft Recummendation by the Commission of the European Communities
to Member States on protection of individusls against the hazards

arising from laser radiation.

Trade Association principles for industrial medical examinations
of persons exposcd to hazards arising from laser radiation, which

a
were published in 19732 in the Federal Republic of Germany.

At a recent meeting in Dublin the World Health Organization also
produced a significant report which based its approach to medical

examinations on the AlST.

Most of these sglandards prescribe examinaticns if there is a
possibility of injury through working with laser beams. In the American
standard the comprehensiveness of the examination depends on the degree

of risk.

It is generally agreed that personnel should undergo a pre-
employment eramination before starting to work in the vicinity of lasers.
During a worker's employment routine examinations for purposes of
surveillance are conducted at regular intervais. 1t is usually recom-
mended that examinations be carried out once a yesr. Many stardards
state that the intervals between examinations are to be determined by
the medical officer responsible teking inte account the degree of
nazard involved in sach case. In certain circumstances an examination
mey be required ahead of schedule e.g. in cases of severe eye affection

or of unacceptable known or suspected exposure to lasers.



It is recommended that a final examination be carried out when

a worker ceases to be employed in the field,

The mair purpose of pre-employment examinations is to screen out
persons who already suffer from significant impairment of one eye. It
must be decided in the light of the impairment observed whether the
risk of further damage as a result of a laser accident is acceptable.
One of the principal aims of subsequent examinations is the detection
of any laser injury, especially to the eyeground. As T have already
mentioned, larer injury tc the peripherel region of the retina need

to necessarily be detected by the worker.

As an example we may take the following case, of which I can

show you a slide.

The picture shows a number of small grey-~black pigmented foci of
a quilling seam pattern. These were detected by Laue and Florian during
the routine examinalion of a worker employed in the vicinity of a laser.
They were identified as burns from a ruby laser operating at a fre-

quency of 50 Hz.
The following specific tests arc slways necessary:

Prior scrutinvy of the family, individual and occupational

anamnesis;

Determination of the visual acuity of each eye, i.e. vision

without corrective glasses and where neccssary with corrective glasses;
Test of colour vision;
Inspection of anterior segments;

Examination of refractors;

LExamination of the eyeground by means of pupil dilation.

Other tests - some of which are carried out only if ‘there are

special grounds for doing so - are as follows :



- 194 -

Test of field of wvision;

Test of foveal visjon with Amsler grating;

Test of colour visicn by means of an anomaloscope;

Measurement of intra-ocular pressure;
Examination of binocular visualizatiorn, i.e. binocular near and

far vision.

Careful recording of data is important in thece examinations,
especially in the examination of the refractors, and above all the
eyeground. In order to identify 2 possible laser injury it is important
to describe sven small deviations from the normal condition and to

determine their location carefully.

The American standard stipulates that in the case of persons
exposed to particularly high risk photographs should be taken of the
eyeground in the vicinity of the macule and the point of entry of the
optic nerve. The study group which drew up the Trade Association prin-
ciples for industrial medical exemirations in the Federal Republic
of Germany argues that this comparatively costly method of examination
should be used only when there are special grounds. Thus far both views

are in agreement,

The Trade Association principles are based on the assumption that
standard examinations must be capable of being carried out by any

ophthalmologict with normal ophthalnological apparatus.

The opinion on criteria of suitability for employment given
helow is that of the German study group which drafted the Trade Asso-
ciation principles for industrial medical examinations. Measurement of

visual power i.e. vision without corrective glasses, and visusl acuity

v

i.e, vision with corrective glasses is cf particuvlar importance in
determining suitability for employment in laser work. Visual acuity i.e.
vision with corrective glasses mwust be at least 0.5 or 5/10 in both
eyes, Reduction of visual scuity to below this level as a result of

laser iniury must be prevented.
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The study group also feels that binocular visualization must be

examined.

Binocular vision must be sufficiently good to provide normal

stereoscopic vision.

Tests of colour vision are of particular importance when the

person in guestion works with lasers whose radiation lies in the

visible band.

Such a wvorker may be exposed to a greater risk of disturbance of
colour vision as a result of working with certain lasers. It may also
be possible to detect secondary disturbances of colourvision resuliing

from the effects of lasers.

Examinations of the anterior segments and the refractors and of
the retina by pupil dilation make it vpossible to detect anatomical
changes. Fathological changes which may be exacerbated by working with

lasers may be grounds for excluding a worker from this employment.

As a2 genersl rule persons exhibiting acute, chronic and progres-
sive pathological changes of the eyes, which are already causing or may
give rigse to decisive impairment of the visual apparatus should be

excluded from working with lasers,

Recording of data is particularly important in detecting anato-
mical changes. The symptoms by which laser damage is recognised may be
enlirely atypical., Cataract, for example, or scarring and changes in
the retinal pigment, which have nothing te do with laser effects, are
known to be frequent occurrences. luch greater importance therefore

attaches to records of medical data as a means of anticipating accidents

&nd giving advisory opinions.

In routine examinations particulzsr sttention will be paid to
alterations in the data observed both to detect any laser effects, and

to clear perscnnel for continued work in the field.

The skin may be regarded as the second critical organ, in addition
to the eyes. YWhile the risk of lascr-induced skin buras does not com-
pare with that of eye damage, caution is called for in certain cases.

If changes have already taken place in the skin, the effects cof lasers

may lead tc additiornal inadmissible demuge. The following are examples



of such changes :

prior damage to the skin by ultra-violet radiation, x-rays, toxic

substances e.g., arseric;
pre~cancerous cutaneous diseases;

semi-malignant and malignant tumours in skin damaged by ultra-

violet radiation, x-rays or arsenic.

In cases of acute and chroric dermatosis work in the vicinity of

lasers is not advisable.

The American standard, the paper of the World Health Organization
and the discussion of lasers in the European List of Occupational Di-
seases thevefore recommend a skin examination. This is also being consi-
dered at present in the Federal Republic of Germany. It is certainly
reasonable, however, toc restrict such examinatiors to personnel working

with high-intensity lasers.

It shculd however be borne in mind that irradiation of the skin
by lasers operaling in the visible and infra-red bands is not nearly
as important from the biological point of view as overexposure of the
eyes, Unlike eye injuries, injurics to the epidermis can usually bve
healed or reversed, The 2ffects may vary from slight reddening to
blistering, depigmentation, ulceration with scarring of the skin and
in extreme cases even damage to the organs beneath, thourn only when

the laser radiation is at an extremely high encrgy level.

When working with ultra-violet lasers consideration must, however,

be given to the well-known carcinogenicity of ultra-viclet radiation.

In this connection, mention must be made of the 1973 study of
the carcirogenic effects of visible ruby laser light by Ehlers and
flash-light

lamp and 2 ruby laser. It is clear from the =tudy that the histological

Florian. They had exposed mice to radiation from a xenon

and quantitative histochemical razsults available even firom prolonged

experiments on animals give no indication of a carcinogsuic effect of

ruby laser light.
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DISCUSSION
Dr HILL (U.K.)

In the U.X.A.E.A., codes of practice we require initial and final
retinal examination but we do not require annual examination for the

following reasons,

1. No successful treatment is available for any burns seen,
2., It is not an accurate method of monitoring the safety of

laser operations,

If the accuracy of examination is to be increased we wculd

require to use unacceptable methods such as fluorescein angiography.
Dr JOLIVET (CEC)

The last speaker referred to the European List of Cccupational
Diseases, but occupational disorders liable to be caused by laser
radiation are not in fact included in this list. They have been put
on a waiting list - the Member States have been invited to examine
the possibility of including them in the list proper, and to compare
end discuss all the information available on these diseaces, with a
view to improving treatment of victims. An explanatory memorandum has
been drafted for this purpose by a team of Community experts, and it
was no doubt this document to which Dr Renz was refgrring in his
paper. There are two topics that were not touched on in Dr Renz's talk,
probably owing to lack of time. These concern the protection of wor-
kers - the matter of protective goggles or spectacles, and the cladding
of work premises. This is outside the scope of today's symposium, but
it is a field where there is much to discuss and a possitie subject
for future research. It might perhaps be a good idea to discuss these

two peoints at another confererce dealing specifically with this topic,



Dr VIGAN (CEC)

With regard io the hazards created by lasers, which are due to
direct beams and which &re caused by reflected radiation? Is reflected
radiation as harmful as the direct beam? Is there not some kind of
absorption which makes the reflected laser less harmful? As for taking
photographs of the back of the e¢ye, I think this is important from the
nedico~legal point of view, as in the event of an accident where the
victim claims damages, i%t could be used as evidence and compared with

egrlier pholographs,
Dr RENZ (FRG)

First of all I sheuld like to reply to Dr Hill of Great Britain.
0f course it is true that there are one or two things one could say
about routinc examinotions. Obviously you have had some unfortunate
expericnces with them. 0f course the frequency of routine exauinations
should not be the same for all cascs. It must depend om the degree of
risk, snd perhaps alsc on any dazmage alreaay ovbserved in one of the
eyes of the person concerned. At the seme time, it should bhe acknow-
ledged that routine examinations are not completely nseless., In certain
cases, as in the slide Y showed, they can in fact indicate real laser
lesicns, though of course not all laser damage, particularly if this
is beyond the pigmentation of the eyeground. But some Jaser damage is
periphsral and is not observed subjectively, except when several parts
of the back of the eye are damaged., Then there may, in some cir-
cumstances, be a sudden loss in the field of vision. The cther point
is that over a certain time, say after 10 years of work with lasers,
the eye can be affected by certain disorders and the risk involved

ceases Lo he tolerablo.

A5 for the second guestion - yes, I was refovring to the annex
to the list of occupstional disenses; I did not kuow whelher this paper

had been finally adopted or not.

In reply to Dr Vigan, T would say that of couwse we shounld ocnly
photogreapl the back of the eye when there is reason for concern, or

when there is an immediate reguirement for sone kind of documentatieon.
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Photographing the eyeground, especcially taking photographs of several
areas, is far from pleasant for the patient. In our opinion it should

definitely not be included in routine examinations,
Dr STOTT (U.X.)

May I first put a point of information, I understood that,
contrary to what Dr Renz has stated, the recent WHO meeting decided
that routine medical surveillance was nct necessary but that epidemio-
logical research was needed involving periodic eye examination of sone

groups of workers,

This leads me to my second point. Yesterday someone made what is
to me the most profcund remark of this meeting. He said that in respect
of ionizing radiations we have become the "prisoners of history". He
meant that although we are teginning to doubt the value of some ef the
medical procedures which kave vecome customary, for many reasons, some

of them political, it is slilmost impossible to depart from them,

We should be very careful that we do not create a similar trap
with regard to non-icnizing radiation. I would ask the Community to
sporsor special studies of selected groups of workers to devise
meaningful information before fermulating rigid directives and legis-

latien.
Dr MIRO (France)

I should like to make one comment and ask Dr Renz one question.
First of all, the comment. I think that it is far more important, from
the workers' point of view, to protect them by individual and ccllec.
tive safety meens, than to give them routine checks with more or less
conplicated and numerous examinaticens. Setting up controlled areas
subject to certain standards, and making workers vear spectacles or
goggles would, I think, guarantee workers more safety than would medi-~
cal suvveillance, although this should only be reducsd, not done away

with entirely.

Secondly, I should like to ask Dr Renz te tell us what are the
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Dr JAMMET (Fronce)

In reply to a comment made here to the effect that the safety
standard for ionizing radiation had led us into a trap, I should like
to say that on the contrary, I believe that the system of ICRP
standards has helped to mnke the nuclear industry one of the safest
there is. We should follow this example when it comes to devising

standards for non-ionizing radiation.

ADDRESS BY DR. E. MASTRCMATTEQO

Representative of the International Labour Office

First of all I should like to express my thanks to Dr Recht for
his invitation to attend this meeting. I am attending as an observer
from the Occupational Safety and Health Branch of the ILO in Geneva
and I am grateful for the opportunity given to speak. Since its for-
mation in 1919 the ILO has been concerned about occupational safety
and health., The ILO has attempted to harmonize occupational safety and
health protection by means of international conventions,recommendations,

codes of practice and guides.

In Canada I worked in Toronto with the Ministry of Health. I had
sone experience as provincial health authority for two nuclear power
piants. Ia Ontario there was provincial control of all users of X-ray
equipments and there are about 40 000 radiation workere regularly
monitored, The monitoring datahave consistently sthn that only about

1. worker in 10C0O exceeds 5 rem/year,

I have fcllowed the discussion cf yesterday and today with great
interest. I eppreciate the opportunity given to me -~ to speak on the

jssues raised.,

Radiation hazards are real; control and medical supervision are
needed. The hozards from radiaticn, however should be handled in the
szme way as many other hazardous work exposures., Controls should be

realistic and should not impose unnecessary administrative burdens on
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the user or serve o exan rate the hagard,

Now turning to the points raised here in discussion.

Radiation Workers

I feel that there should be only 2 clesses of workers in terms

of radiation work :

1. Radiation Workers

2. Non Radiation Workers

I em not convinced of tre need on a health basis to make a
subdivisicn into 2 catcpories for workers in radiation exposure. Once
a radiation worker has been defined, the same reguirements for control
and medical supervision should apply. The medical supervision should
follow the same general suproach to that for industrial workers ex-

posed to hacardous sgents in the work environmesnt.
Qualification of Physician for Medical Supervision of Radiation Workers

In regard to the qualification ol physicisns for medical super-
vision of radiastion workers, I feel that a medical doctor with training
in occurational medicine and in radiolegical health could bve considered
as & bagic gualification. Physicians having equivalent experience

hould also be considerea to have qualification in this field, Phyoi-
cions treived in nucleer medicine or jan radiology witn suitazble ex-
perience in occupational health would, of course, also be well guali-
fied in this field.

¥Form of the Medical Supervision

P

I stated earlier that the medical supervision shuwldd felliow the
same generel principles as that of incdustraal workers exposed o otbar
hazardous agents.,

I egree with the statements made that ihere are fow medical cean-

tra-incdications to worik in radiation ergosuve., T agree also that
periodic medical exsminations have low yileld in terms of detectinpg vh-

effoets of radistion exposure in the worker .



flevertheless I feel that we are stuck with both pre-employment,
#nd periodic examinations for radiation workers.In some places, how-
ever, there is a strong trend té the use of ancillary health personnel,
for example, the nurse in carrying out these health assessments and
this could certainly be explored for padiation workers, There is
another aspect in medical supervision feferred to by participants here
as the open door policy. Radlaticn workers should be encouraged to
visit the medical officer whenever they have personal health questions

whether relative to radiation exposure or not,
Another point relates to return to work after illness.

Radiation werkers with short term absences could return to their
regular work without tco much formality; workers with long term ab-
sences shculd e asked to produce a medical zertificate stating their
fitness to return to radiaiion work. This worker should be seen in
the plant mcdical cerntrs bafore return te radiation work,

Latter two points may be more producfive than annual periodic

exams.
Maintenance Workers in the Nuclear Power Industry

The questiorn of mainteunance workers received much discuszsion
yesterday. Mey I give my own personal impression on this guestion. I7
outside workers are used they should not be used to dilute the indivi-~
dual expesurce dose because of imprever desigu or improper operaticn of
nuclear reactors. In principle I am sgainst increasing the exuvosure
base until we have more information on the dose response effeiis of
low doze levels over long period of time, In addation, if outside
workers are brought in for maintenance work in radiation swposare ther

shiould be subjected to the same conirol and wmedical supervision.
Mediczal and Exposure Records
I support the need for adeguate records of healih and sxposw @

data for radiation workers. I &m sure that the trend will be Lo

gimplified computerised systems and it is dinlriguing to conaddses iyping
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in radiation data with all other medical and occupational exposure
data. I also support the need for confidentiality in any record

keeping and dissemination system.

We have & good exposé »T the system used in France. My own
impression is that this system is guite detailed; a more simplified
system, again involving the use of ancillary personnel, may be con-
gidered, The French system, however, provides a good basis for further

discussion on medical and exposure records,
Medical Emergencies

Doctors in nuclear power stations should of course have emer-
gency procedure prepared in advance should there be aceidental over-
exposurce of workers. While outside the theme of this symposium, the
physicien should also be involved in emergency plans covering accidents
involving off-station exposures to the general public. This is a
question actively discussed in Toronto where a large nuclear power
station was built within 25 miles of the cenire of the city with a

population of 3 million people.
Tripartite Interests

As you all know the ILO is a tripartite organization with

representatives of government, workers and employers.

Yesterday there were statements that mansgement should designsts
radiation workers on the basis of medical advice available to manage-~
ment, I agrec with this. The decisicn should not, however, be a uni-~
lateral cre. This decision should be subject to overview by a govern~
ment health authority who would also review the medicel supervision,
radiation conirol, record keeping and emergency planning. I am sure

that this is the case in each country.

On this general area I would like to make one final point. Ocou-
pational safety and health questions are now occupying attention by

-

labour unions. Recently I attended a meeting of an international union

called to discuss occupational safety and health. Based on this meeting



I believe that occupational physicians can expect more activity by
organized labour in the following fields ~ all pertinent to radiolo-

gical health :

1. critical questioning of exposure limits for workers

2. change in philosophy that pregent agents in the work
environment are safe until proven harmful to the philosophy
of being harmful until proven safe

3, increased concern especially for agents which cause cancer

L, increasing pressure by organized labour to have OSH matters

ag matters for collective bargaining

I am sure that there will be increased emphasis of all medical
supervision of workers exposed to hazardous agenté at their work. Occu-
vational physicians will bave to respond to this in the nost efficient
manner possible. Medical supervision and control of radiation exposure
involve multidisciplinary tesm action and the physician has a key role
to play. I am sure this syzposium will help to aim these viewpoints

and to harmonize them in the Furopean Community.

ADDRESS BY DR A. LAFONTAINE

Representative of the European Office of the World Health Organization

The World Health Organization asked me to act as its representa-
tive at this symposium organized by the Health Protection Directorate
of the Commission of the European Communities and dévoted to the medical

supervision of workers exposed to icnizing and nor-ionizing radiationsz.

On behalf of Dr Keprio, Director of the Kegional Office ol Whi%,
I should like.to emphasize the grea!l interest which WHO takesz arn
Buratom's efforts to protect the poprulation znd workers spninst the
risks of ionizing and non-ionizing radiations, zrd I must Tirst son-
gratulate the organizers snd thank the participants for their cocpsra-

tion.

This symposium has been particularly interesting. Not zaly noec

it provided information on the conditions, organization snd effcciivinery
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of the medical supervisioun of workers and considered the as yet little-
explored subject of non-ionizing radiations, but at the same time it
has also erabled us to compare rather different points of view, pin-

point gaps in our knowledge and map out new fields for study.

I should like to point out once again that health as understood
by the World Health Organization is not only the absence of sickness
or infirmity, but the state of complete physical, mental and soccial
well-being. It is the concern of both the irdividual and the species,
in other words it applies to all persons whoever they may be, to

successive generations and to environmental conditions.

My colleapve representing the International Labour Organization
has already expressed his views with great clarity; I can only endorse
them by emphasizing the danger of setting up artificial classifications
in the field of health protection 2nd of confusing the organization

of supervision with its objectives.

Proteclion must be extended to all exposed workers, no matter
where they may perform tasks entailing a risk of irradieticn., To con-
centrate this protection cn the nuclear industry would be to neglect
the persons most at risk. Purthermore, it is unthinkable that the
doctors responsible for such supervision should not at the same time
concern themselves with the riskes for the pepulation at large, if only
on sccount of possible genetic repercussions; hence the necessity to

avoid subtle distinctions.

Teo be effective, supervision also requires a multidisciplinary
approcch, but a multidisciplinary team must be directed by the doctor,
who is the only person capable of systematically evaluvating health
hazurds both at the individual and group level, takiag into account
both the absorbed doses and the other risks »f chemical and physical
origin, as well as various anamnestic data. Hence the doctor must be
completely familiar with working conditjions and the nature of the
hazards, and must take actiown &s necessary to ensure that the protec.
tive measures adopted are appropriste for both the workers and the

envircnment., Furthermore, it seems perfectly logical to us that a



physician specializing in radiological protection should both exercise
supervision under normal conditions and be ready to act as effectively
as possible in the event of accidents involving any persons - workers

or others - exposed to a high level of radiation.

I have regretted to hear some doctors complaining of the
restrictions imposed by the numerous-regulations and standards that
have been issued, In my view, the protective measures relating to
ionizing radiations are amongst the most realistic and effective
ih existence. 1 can only hope that the same approach will be adopted
with respeci to the non-ionizing radiations referred to during this
symposium, which are currently a matter of concern for the European
Office of the WHO; above all, I hope that from the outset, the problems
of the protection of man and his environment will be considered con-
currently with the technical aspects of research projects to develop

new sources of energy.

If some of my comments have been rather forthright, this is
precisely because the exchange of views was so specific, realistic
and constructive, I trust that these suggestions help to dmprove
the medical supervision of workers exposed toionizing or non-ionizing
radiations, and hope, finally, that fundamentsl research will clarify
certain obscure points, such &s whether there is or is not a threshold

value for certain mutagenic and carcinogenic effects.

I am convinced that the Commission of the Eufopean Communities
will be atle to play an active part in such studies, and shall
close this address by expressing the wish that they will go forward
repidly.
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Dr RECHT (CEC)

Yesterday I had an opporiuniiy %2 make a few comments which would have been
equally appropriate to the conclusion to today's session. Allow me to go over

them again, very rapidly, frcom another angle.

The title of this colloguiwa was in two parts, one administrative and one
socientific. What is the precice scope of the first part? The medical super-—
vision of workers exposed to radiation currently affects more than 250,000
persons in the nine countries of the Community. The nuclear power sector,
which is well represented at the colloguium, only employe a fifth of the
exposed workers and the other 4/5 do not at prescnt seem to be as well
covered by medical surveillance. It is our duty to try and harmonize
arranzements for the application of the standards in a progressive way.

We must concern ourselves, then, with all types of work invelving exposure
to radiation, be they medical, industrial or rescarch activities. Our
discussion has made it clear that medical supervision must originate with
the doctor, Lut the role of the works doctor in industry is seen differently
in certein Community countries. In some countries there is a very real staff
problem. Works doctors should take an interest in the work dene and fulfil
all the functions laid down in intermational ILO and Commission agreements.
In other countries, the doctor's role is not nearly as wide. Ve cannot take
the attitude that medical intervertion is only required for exposure levels
of 25 rem and more, as is sometimes the case in the USA. If fthis were so,
the doctor's task would be a summary cae, or he would only be consulted

very rarely. The situation of the medical officer in industry is a general
problem calling for a great deal of attention. It would be unacceptable if
the organization of medical surveillance in the mclear industry were not
subject to the principles and rules of occupaticnal medicine and were treabod
differently from other industrial activities involving risls for workers, ani
we will try to harmonize systems of occupational medicine in a progressive
ways We attach particular importance to the need for the principles and
methods of occupationsl medicine to be gpplisd in.all activities involving

expoerre %o radiation.

This symposium has been most useful; guidelines have been clarified and

points have been made which we may be able to incorporate in the finalization.



of the Basic Safety Standards. f(here is no doubt that radiation protection
is based on multi-disciplinary ftcamwcrk, in which the doctor must play an
active and efficient role. It is Zaportant for all the data relating to each
worker's health to be examined and assessed at some point by ihe person ‘

whose prime responsibility is health.

Because of the key importance of nuclear power in public opinion and in that
of workers, wg intend to hold a conference in 1975 or 1976 on the psycholo—
gical aspects of medical supervision and the role of the docior vis-a-vis
the worker. The responsibility of the doctor will be all the greater, for
when a worker is worried he will turn to the doctor, not to his employer,

in the hope that the former will give an objective opinion as to the risks
of his worke The works doctor must have a certain freedom from the economic

constraints that dominzate business considerations.

The problem of classilfication of A and B workers has been very widely dis—
cuszele The Basic Standards stipulate that there should be = distinction,
but this should be within e meaning of the ICRP recommendations = o
simplify administrative prosecdures, a distinction is made beituween two classes
of workers, and classification must be effected with precision and maximum
certainty. The evaluation of doses for ithese two categeries must be carried
out with the minimun of error. It is a "problem of evaluating th: risk™ and
the idea of vorkers bLeing "liable to" receive a certain dose is perhaps the
ceniral one. This idea of being "liable to" receive certain doses is
applicable within the limits set out by the ICRP in publication 9, for
controlled sources of radiation. Conditions indicate that accidenis may
occur with these sources and some abnormal single exposures of some 10 rem
are foreseen. Under normal circumstances work with a radiastion scurce can
lead to some accidents calling for interveniion by maintenance persomnel,

or rescue or repair workers.

As for the other problems discussed at this sympesium, we Fove heard scme
fascinuting papers, and it is clear that cur resesrchors are o she Torevroard

of research on certain measurement and decontaminat.on technigues. The

subjcet of lasers is one which we have approached withn zaubion, since tne



Commigsion is intending to submit recommendations, not directives. This is
a new field of science and the advice we have received today, to approach
the matter with caution, hag been poted and will be incorporated in the

proposal for a recommendation.

The proceedings of this colloquiumwill be published as soon as possibles I
should like to thank all the epeakers and everyone who has taken part in the
discussion and declare the colloguium onn the medical supervision of workers

closed.
Faber (Denmark)

Before we close the meeting finally we have to thank Dr. Recht for arranging
this symposiuwmn, which has given us a very interesting outlook on the problems
of the medical survey of the radiation workerse. The meeling has brought us
information about a large rnumber of problems with which we are net quite in
agreement; it has given ua information on a munber of things which we have

to think over ard it has given us some information about what the Commission
is doing at present. All of these things are more than sufficient to have
filled the two deyse. We are all happy to have teen here and to have had this
opportunity of discucsion. I think mary others want to continue the dis—
cussion of the medical survey of the workevs and I hope this wiil be possible.
YWe thank Dr Recht and his assistants for the work they have deone in getting
us together herc and by these words I think 1 will close the session for

teodays.
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