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PREFACE

The protection of public health against ionizing radiation is

one of the responsibilities of the Commission of the European

Communities provided for in Chapter III of the Treaty establi-
shing the European Atomic Energy Community.

The assessment of risks in connection with nuclear installa-
tions should be based on the most accurate knowledge possible
of the radioactive contamination level of the environment in
the vieinity of the nuclear installations. A large number of
eontrol and monitoring programmes are currently under way in
the Member States of the European Community. However, the great
inerease in the numbers and power of nuclear installations has
obliged the authorities responsible for radiation protection

to attempt to rationalise the conception and application of
their control and monitoring programme. Furthermore, at the
Community level, the harmonisation of these programmes is desi-
rable, principally with a view to facilitating the exchange of
information and providing better comparability of results ob-
tained in the various member statee in compliance with a con-
cern expressed in Articles 35 and 36 of the Treaty.

Work to this end undertaken by the group of experts and direc-
ted by the Health Protection Directorate of the Directorate
General for Soctal Affairs has led to the drafting of a docu-
ment that will be particularly useful to all those who have or
will have to take decisions concerning radiation protection.
Like the "Practical gutide to the establishment of controls of
the radioactive contamination of foodstuffs, and beverages"
published in December 1967 by the Commission, the present docu-
ment is a concrete and realistiec guide which gives a brief ge-
neral survey of the problems posed by the control and monito-
ring of radioactivity and draws from them lessons applicable
to particular situations.

Dr P, RECHT
Director
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1. INTRODUCTION

In principle any nuclear installation 1s capable of releasing radioactive
material into the environment but the potentialities vary very widely. In
practice, installations in which small quantities of radionuclides or
sealed sources are employed can only release small quantities of radiocac-
tive contamination into the surroundings. As regards other types of in-
stallations (research reactors or laboratories, nuclear power statioms,
fuel reprocessing plants) discharges of radioactivity may be potentially

more significant.

A1l Common Market countries have their own regulations on the design, in-
stallation and operation of nuclear installations. Though these national
regulations differ in points of detail, they all control the discharge of
radioactive effluents to the environment so as to guarantee that the dose
limits set by the Commission of the European Communities for individual
members of the public are not exceeded. Suitable control measurements
carried out by the competent authority and by the operator then make it
possible to ensure that the authorised discharge limits are actually res—

pected.

Off the site of the nuclear installation there is the question of monito-
ring contamination of the environment. Dependent on the national regula-
tions in force this may be the function of the operator, and/or the compe-

tent national authority.

The present document is a guide on the monitoring and control of environ—
mental radioactivity with reference to nuclear installations in normal ope-
rating conditions. It therefore takes into account both routine discharges
of radioactivity and unforeseen discharges which pass through the normal
channels of discharge. It excludes discharges due to accidents which are
outside the scope of the present study and document. It should be added
that the probability of any large release of activity not being noted at

the point of discharge is practically zero.

Since this document is specifically concerned with monitoring the environ-

ment it does not give any particular consideration to the measurement of



actual discharges.

The document also confirms and updates in the light of present knowledge
the content of earlier publications. It should, however, be stated that
looking back, no big mistekes have been made in the field of environmental
protection. This document presents a rationalisation of the earlier pro-
grammes and involves no major changes. In particular it may be noted that
in several cases it has been possible to reduce the scope of detection pro-
grammes without loss of safety or of information on the state of the envi-
ronment. This is due to the improved kmowledge of environmental problems
achieved in the past few years. A certain uniformity of criteria in the
organisation of monitoring networks around nuclear installations may prove
to be very useful from the Communities' point of view since it will faci-
litate exchanges of national experience and permit a better comparison of

the results obtained.

These criteria are set out in detail in the following sections.

2. SCOPE AND PURPOSE OF MONITORING IN THE VICINITY OF NUCLEAR
INSTALLATIONS

Publication 7 of the International Commission on Radiological Protection
underlines the importance of evaluating the actual or potential exposure
of man to radiocactive substances or to radiation present in his environ-

ment and of estimating the probable upper limits of such exposure.

The aims of such monitoring are

- 1o ensure that legal provisions on environmental contamination are res-

pected;

- 1o verify indirectly the performance of the waste containment and dis-
posal system in order to ensure rapid detection of possible leaks and
to facilitate the taking of suitable measures;

- the establishment of good public relations by keeping the public objec—
tively informed;
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- 1o cover the operator's responsibility for any damages which might be

claimed against him;

= to carry out scientific studies with a view o improving our knowledge

of the transport of radionuclides in the environment.

These studies essentially concern the behaviour of radionuclides in the
environment, i.e. their eco-cycles, and aim at defining the limiting ca~

pacity of the environment,

The limiting capacity of the environment for a radionuclide can be defined
as the maximum annual quantity of that radionuclide which can be dischar-
ged in certain defined conditions into a particular sector of the environ-
ment in such a way that the resulting dose commiiment received via the cri-
tical pathways does not exceed the annual dose limit for individual mem—
bers of the public as laid down in the basic standards of the Commission

of the Buropean Communities.

By "in certain defined conditions" is understood the complete set of con—
ditions (chemical characteristics of the effluents, the mode of discharge,
etc.) which cheracterise the release of the radioactive residues into the
environment. Similariy by "a particular sector of the environment™ is im-
plied a limitation of the concept of environmental capacity to a reduced
area of the surroundings which is directly affected by the discharge and
where the critical pathways are situated.

The "dose commitmeni™ resulting from a particular discharge is defined as
an integral for an infinite period of the intensity of the average dose
received by individuals of the critical group of the exposed population;
a definition analogous to that of UNSCEAR (United Nations Scientific Com-
mittee on the Effects of Atomic Radiations - General Assembly, Official
Records, 19th session, Suppl. no 14 A/6314 p. 68, 1966) for the world po-

pulation.

When the discharges contain several radionuclides some distribution has to
be made so that the sum of the contributions of each radionuclide does not
exceed the annual dose limit already laid down.
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Furthermore, it should be emphasised that the actual discharges do not
correspond to the limiting capacity of the environment already defined but
only to a fraction of this which can be called the stipulated capacity of
the environment. The value of the latter is established in each particu-
lar case by the competent authorities responsible for radiation protection
on the basis of the characteristics of the surroundings affected, the
technical aspects of the discharge and the requirements of radiation pro-

tection.

It is appropriate to keep in mind that as regards radioactive contamina-
tion man is the most sensitive organism and, given the structure of the
environments considered, is always regarded, in practice, as the limiting

factor.

3. CRITICAL PARAMETERS AND BASIC DATA FOR PREPARATION OF THE ENVIRONMEN-
TAL MONITORING PROGRAMME

3.1. Critical Parameters

The orientation and scope of an environmental control programme
are based on certain critical parameters. The term "critical"
does not imply any idea of danger. It describes a "factor which
enables decisions to be taken on the level of public health

protection”.

3.1.1, Critical Group

Group of members of the population whose exposure is
homogeneous and typical of that of the most highly ex-
posed members of the exposed population.

3.1.2. Critical pathways

Pathways of exposure requiring special consideration as
being the mechanisms of predominant exposure of indivi-
duals. A general diagram of these pathways is indicated
in Figuresl and 2. EBach of these pathways will be consi-

dered when we come to consider each particular medium.
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3.1l.3. Critical radionuclides

Radionuclides which among those considered, account for

most of the exposure of individuals.

3,2, Fundamental data

The following factors characterise the organisation of the moni-

toring programme and identify the critical parameters.
3,2.,1, Characteristics of discharges

Radioactive discharges into the environment vary consi-
derably in composition and quantity according to the in-
stallation producing them. The principal sources of ra-
diocactive wastes are primary nuclear installations (see
Table 1).



TABLE 1

CHARACTERISTICS OF DISCHARGES FROM NUCLEAR INSTALLATIONS

Atmospheric discharges (1)

i

Liquid discharges (1)

OF INSTALLATION Isotopic Physical and Isotopic Physical and Remarks
composition chemical state | composition |chemical state
Mineral dressing 222Rn Gas 226Ra 23O’I‘h Solutions and
226Ra. 230Th . aerosols 234 suspensions
Preparation of fuel 234 | (after Th U
Th U | filtration)
Nuclear power stations (2) Inert gases — I Gases - vapour| Fission and | Solutions,
3H 1us traces of aerosols activation ionized and
Reprocessing plants fisgion and (after products, U | complexed
- . filtration) & transura~ | forms
activation pro- nics
ducts
L . . Theoretically
Provisional storage areas Miscellaneous{Miscellaneous no discharge
Gases - vapour Solutions, io-
Research centres Miscellaneous aerosols after(Miscellaneous|nized and com-

filtration

plexed forms

(1)
(2)

Before dilution in the receiving medium

See "Radioactive Effluents from Nud¢lear Power Stations in the Community, Discharge Data, Radioclogical

Aspects" - Commission of the European Communities, Directorate General of Social Affairs. Directorate

of Health Protection,

November 1972.




_9_

We have also to bear in mind that the method of discharge
(continuous or intermittent) by influencing the instan-
taneous concentration of radiocontamination at the mo-
ment of release into the environment varies its availa~
bility for different biological processes. The fizures
in Table 2 (*) give an indication of the average dose to

individuals living close to nuclear installations,

TABLE 2

H -1

. rad (MWe year)

: External f Internal

: radiation ; radiation

s : -
Power reactors ‘ 10"6 ‘ 1070 - 10_6

: -5 T 0™
Reprocessing plants : 10 : 10" - 10

3 :

It should be remembered that nuclear installations expose
the general public to at most only a small fraction of
the dose limit or the dose due to natural radiation. Bea~
ring in mind the elaborate safety systems provided in
these installations, the risk of damage due to discharges
from nuclear installations is so low as to be practical-
1y negligible compared with other risks arising in the
normal life of the population.

3.2.2. Environmental characteristics

When radiocactive effluents are introduced into the envi-
ronment the radionuclides disperse into a zone which we
shall call the "receiving environment", the boundaries

of which are usually difficult to define precisely. How-
ever, the problem of precisely defining the limits of

the zone is less important than it appears at first sight:

(*) TIonizing Radiations Levels and Effects, United Nations Official
Publications, 1972, p. 108.
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what must be defined as precisely as possible is the

sector of the environment containing the critical path-

ways.

For emissions into the atmosphere it is useful to know
the diffusion characteristics in order to determine sta~
bility categories. A knowledge of these quantities ob-
tained from a period of observations extending if possi-
ble over several years enables us to form an idea of
the frequencies of occurrence of the different stability
categories. We then have all the information necessary
for calculating concenirations at ground level on the
basis of the most suitable diffusion formula for the

case in question.

For liquid emissions it is necessary to know the hydro-—
logical characteristics of the waters affected for the
different uses to which the water may be put: drinking

water, irrigation water, fish farming, etc.

Finally it is desirable to list all forms of culiivation
which could be affected by radioactive contamination, ei-
ther through the air or by irrigation. In order that the
competent authorities can arrive at a rational division
of the environmental capacity it is also necessary to
know the contribution of any emissions from other nuc-

lear installations.

Characteristics of the General Public

The radioecological study indicated above needs to be

accompanied by a socio—economic study giving not only a
picture of population distribution around the installa-
tion in question but also information on the habits of

this population.

In particular it is necessary to know their sources of
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drinking water and food, particularly sources origina~

ting from local production.

As regards dietary habits it is found that in practice
with certain unusual exceptions (such as the consumption
of "laverbread", a delicacy based on seaweed in South
Wales) only certain foodstuffs such as fish and to a les-
ser extent dairy products can have any significant ef-

fect on the transport of radionuclides to man.

It is also desirable to take into account those popula~
tion groups which though not living in the immediate
neighbourhood of the installation consume foodstuffs lar-

gely originating from regions affected by the emissions.
C2neral remarks

Examination of the above factors makes it possible to
obtain a preliminary quantitative estimate of the dose
which the general public might receive. It may often
turn out that the figures are so far below the dose limit
that the monitoring programme which one would specify on

first principles can be considerably reduced.

One has always to bear in mind, however, not only the

genuine requirements of radiological protection but also
the effect on public opinion which may be greatly reas-
sured by knowledge that there is an efficient programme

for monitoring the environment.

Finally one has to bear in mind the inter-disciplinary

character of this type of study which requires a combi~
nation of skills from the different branches of science.
Specialist technical recommendations will of course have
to be expressed in practical terms by the competent au-

thorities who have to implement them.
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PRE-OPERATIONAL STUDIES

4.1,

4.2,

Objectives of the studies

The objectives of pre-operational studies are closely bound up
with the subsequent programme of environmental monitoring. These

objectives are

- The acquisition of data on the critical parameters, radionuc-
lides, exposure pathways and population groups which provide

a basis for organising the routine monitoring programme;

- The collection of data on radioactivity levels in the envi-
ronment before the nuclear installation starts operating in
order to obtain a quantitative interpretation of the results

of monitoring during the normal operation of the installation;

— The setting up of measuring methods and the education and
{training of personnel in order to guarantee the efficiency

and continuity of normal monitoring.

The first two objectives aim at improving knowledge of the en-
vironment so as to permit a realistic evaluation of the dose to
the general public due to the discharge of radiocactive materials.
The third objective in contrast is particularly important for
the staff concerned with radiological protection. They need to
familiarise themselves with the techniques of sampling and ana-

lysis which will be used in the eventual monitoring programmes.

Sources of radioactivity close to the installation

In addition to the nuclear installation in question there may be
other sources of radioactivity in the same area. Since the ope-
rator is responsible exclusively for radiocactivity arising from
the operation of his installations it is important to distin-

guish each source of radioactivity.

The sources other than those due to the installation in question
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may be natural or artificial.

4.2.1.

4.2.2.

Natural Sources
These are of two kinds:

- extraterrestrial in origin (cosmic rays)
- terrestrial in origin (radionuclides naturally present

in the earth's crust and in the atmosphere).

Natural radioactivity is generally characterised by re-
latively constant concentrations of the different radio-
nuclides. Variations are either seasonal (there is a
characteristic increase in spring in the content of va-
rious natural radionuclides in rain) or due to meteorolo~
gical conditions (pressure, wind etc.) which influence
the emergence of gaseous radionuclides such as radon or
thoron from the soil and their diffusion into the aitmos-

phere.

There are also discharges of radionuclides into the en-
vironment from non-nuclear installations (phosphate

plants, conventional power stations etc.).
Artificial Sources

Nowadays it is normal to find a number of radionuclides
of artificial origin in the environment. These can be
divided into those produced and propagated by nuclear
explosions (fission and activation products) and those
released as the result of peaceful utilisation of atomic

energy.

The concentrations of all these radionuclides show con—
siderable variation both seasonally (here again one finds
the typical increased concentration in rain during the

spring) and also on account of meteorological conditions.
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It therefore needs more than a few measurements to de~
termine with sufficient accuracy those radioactive c'on—
taminants not originating from the nuclear installation
in question. One has to be able to follow them over a
sufficiently long time (at least a year) in order to
know both the extent to which they fluctuate about their
mean value and the tendency of this to vary. The results
of local measurements of activity due to experimental
nuclear explosions can usefully be supplemented by com—
parison with the results of measurements made by the na-
tional monitoring networks, These networks have a mass
of dats which usually covers a wide range both in time
and in space. In this way it is possible to bring out
any variations due to natural causes. This makes it ea~
sier to distinguish the emissions from the nuclear in-

stallation.

The other source of artificial radionuclides is that due
to other nuclear installatione or to users such as re-
search laboratories and hospitals. The monitoring pro-
gramne will therefore have to be organised to take acc—
ount of these other sources and if possible to collabo-

rate with the managements concerned.

Definition of the Monitoring Programme

On the basis of what has been said about it, it is not hard to

arrive at certain principles.

Preliminary research must cover a period of at least a year, as
certain environmental and biological parameters are directly re-
lated to seasonal variations. The programme must also make it
possible to determine the parameters listed in section 3, It
will therefore be based on a radioecological study which will
serve to define the parameters most closely related to the envi-
ronment and on a socio-economic study which will serve to cha-

racterise the extent to which the radiocactive emissions from the
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installation in question reach man in the region affected.

It should also be borne in mind that the pre-operational study
programme will serve to define the normal monitoring programme
to be applied when the installation is working. In practice this
could be on a smaller scale than the pre-operational programme
in view of the improved knowledge of the environment obtained at
the pre-operational stage and during the functioning of the in-
stallation which will make it possible to confine monitoring to
those points which are of greatest importance and of known in-

terest.

5. ORGANISATION OF ENVIRONMENTAL MONITORING

5e1.

General remarks

The essential aim of an environmental monitoring programme is to
ensure that the exposure of the general public does not exceed
certain set limits. Consequently the characteristics of the pro-
gramme (the type and scale of sampling and measurements) must
make it possible to estimate the average exposure of the critical

population groups taking a period of one year as a basis.

Once a programme of this type has been developed it needs to be
reviewed periodically. On the one hand there may have been chan-
ges in the amount or nature of emissions from the nuclear instal-
lation, in the specific characteristics of the environment or in
the habits of the exposed population and on the other hand there
may have been improvements in control and analysis methods. Such
revisions may lead to the scale of operations being reduced with-
out loss of scientific information. The area monitored will in
general be around the nuclear installation. However, there may
already be a national monitoring programme intended to measure
the levels of irradiation and contamination of natural origin or
due to nuclear explosions. In that event this should be used to

supplement the local programme as far as possible.
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It is therefore desirable to arrive at some form of collaboration
between the operator of the installation and those concermed on
a national scale with measuring environmental radioactivity.

This could achieve a considerable reduction in the routine moni-
toring which the operator would have to carry out. In particular
where the pre—operational studies have given detailed information
on the potential critical parameters, studies carried out while
the installation is operating will be able to confirm or correct
these results. The normal programme should relate particularly

to exposure via the critical pathways and the critical radionuc-
lides. It should then be able to supply information which will
serve to calculate the actual and potential exposures of the cri-

tical population groups.

However, it can happen that the pre-operational studies do not
give enough information to characterise all the critical parame-—
ters. The normal programme will then have been designed to per—
mit not only an estimate of the exposure of the general public
but also to give supplementary information on the possible cri-

tical parameters.

Internal and external exposure of the general public will remain
considerably below the dose limits. Consequently it will be
sufficient for the measurements made to give the upper limits of

exposure, the resulis therefore being expressed as inequalities.

Although the effective dose is always very low it is important
to be able to estimate the genetic dose for the population as a
whole. The methods of measurement should be so selected that
their sensitivity is compatible with the requirements of each

particular case.

PFinally it must be remembered that the monitoring programme must
not merely give a picture of the situation at a given moment but
must also give information on the trends of radionuclide concen-

trations and therefore of exposure doses.
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Determination of Exposure Dose

The potential exposure of the general public affected by dischar-

ges can be evaluated on the basis of two general principles.

5.2.1.

5.2020

Estimation of dose as a function of quantities discharged

It is possible to calculate the exposure of the general
public on the basis of the known quantities of radionuc-
lides discharged into the environment and an estimate of
the fraction of these which will reach the population.
Those in charge of the monitoring programme must always
have access to data on discharges from the installation
to the environment; this data will be obtained by moni-
toring during release at the point of discharge. This
method of evaluation may be sufficient where the quanti-
ties of radionuclides discharged from the installation
are so low that the potential exposure of the general
public is only an absolutely negligible fraction of the

dose limit.

Estimation of dose as a function of concentrations mea-

sured along the Critical paths

It is also possible to arrive at the exposure of the
general public by measurements of activity in the dif-
ferent critical pathways. In many cases it is difficult
to arrive at the population dose due to the installations
in question by this method alone since the dose due to
the installation can be several orders of magnitude less
than the dose due to natural radiation. In that situa~-
tion the method of section 5.2.1. will be applied since
those measurements will act as a control on measurements
obtained under 5.2.2. Often, however, it will be possi-
ble only to confirm that the fraction of the dose to the
general public due to the installation is less than some

given value corresponding to the higher sensitivity of
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analysis or measurement.
Sampling and measurement

The frequency of sampling will be determined by suitable para-
meters such as the half life of the radionuclides in question
and the probable rate at which their concentration in the envi-
ronment varies as a result of the characteristics of the envi-
ronment and of the discharge. In general at least one sample a
year of the material to be analysed should be collected. For
radionuclides with short half lives the sampling frequency will
be suitably increased so that the maximum sampling interval is
of the order of two or three half lives. If a particular radio-
nuclide requires very frequent or even continuous sampling it
will be possible to take composite samples and make less frequent

measurements on these.

The frequency of measurements will allow for radioactive decay
and for the sensitivity of the instruments so as to give results
with a margin of error compatible with the accuracy required.
The possibility of using composite samples both in space and in
time makes it possible to achieve considerable economies in the
work of monitoring without any adverse effect on the accuracy of
measurement required but on the contrary with the advantage of
the samples being more representative. It must be remembered that
average concentration values are more important than individual
figures. The criteria adopted will therefore be those which are
more suitable for taking the different samples which will make

up the composite sample.

Ag regards the type of measurement made it will be necessary to
discriminate between the different radionuclides. At present
there are methods (alpha and gamma spectrometry with semi-conduc—
tors, liquid scintillation spectrometry both with organic scin-
tillators and Cerenkov effect etc.) which make in possible to
measure all gamme emitters (a.nd. in certain cases beta emitters)

without chemical separation. This makes it possible to carry out
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Yad hoc" analyses in a reasonably short time without excessive

use of staff.

Measurements of total beta activity can be limited to the rare
cases such as continuous control measurements in which it is
sufficient to define the variation of activity relative to a
generally constant value. When such variations are found the
programme will then proceed to specific measurements by one of

the preceding methods.

Programme of calibration and comparison of results

The measurements made by radiological protection laboratories
need to be supported by suitable programmes of calibration and
of comparison of results. The credibility of any given data de-

pends largely on a knowledge of the associated errors.

Measurement errors are determined by calibrating the instruments
against standard samples or by participation in programmes of
calibration and comparison of results between several laborato-
ries. Standard samples will generally be pure solutions of the
radionuclide in question. On the other hand the matrices of the
samples to be examined may consist of the most varied materials
(s0il, vegetation, milk etc,) and it is sometimes necessary %o
carry out chemical separations to isolate each radionuclide be-
fore measurement. Simple comparison of the results obtained from
analysis of the sample with those obtained when the standard so-
lution was analysed may not serve to reveal errors arising during

the chemical separation.

This problem can be overcome by using standard reference samples
or by participating in programmes of calibration and comparison
of results. Such programmes are usually organised on a national
scale by reference laboratories or on an international scale by
such bodies as the International Atomic Energy Agency or the
Commission of the European Communities which are obviously in

the best position to provide this service., Such programmes ex-
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tend to the comparison of methods employed and to general dis-
cussion during the examination of all the results (*). The pro-
grammes must of course be as realistic as possible so that the

reference samples do simulate actual samples.

6. MONITORING RADIOACTIVE CONTAMINATION OF THE ATMOSPHERE

6e1e

6.2,

Introduction

In this case direct exposure of the general public can be due
either to direct irradiation from a cloud of gas or radioactive
dust released by the installation or to respiration of contami-
nated air., Direct irradiation is dealt with in section 10; here
we shall confine ourselves to the problem of the atmosphere as
a means of transferring contamination to man., Determining the
radionuclide concentration in the air at the point of discharge
(stack) is one of the quickest methods of detecting any abnormal
situation, This fact influences the methods and criteria for

collecting and measuring samples.

Sampling points

As suggested above, one sampling point will be chosen at the
point of discharge (stack) from the installation in order %o
achieve rapid detection of any variation in the concentration of
radionuclides in gaseous effluents., Further sampling points will
be near the point of discharge and will include points in the
region where the highest annual average concentration is expec—

ted on the basis of meteorological studies. Since the radiocacti-

(%) EUR

65 e

Rapid Determination of Radionuclides in Milk. Results of an intercom-
parison organised jointly by the I.A.E.A. and C,E.C. in 1972; by

0. SUSCHNY, J, HEINONEN and D. MERTEN (I.A.E.A.), J. SMEETS, R. AMAVIS
and A. BONINI (C.E.C.) - Report prepared by Division of Research and
Laboratories of the International Atomic Energy Agency, Vienna and
Health Protection Directorate of the Commission of the European
Communities, Luxembourg; published by the Commission of the European
Communities, 1973
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vity of the environment (norma.l background) may vary either for
natural causes or because of emissions from nuclear installa~
tions other than the one in question, it will also be useful to
have a sampling point which can be regarded as a reference point
and which is at some distance from the installation in the di-

rection of the least frequent winds.

Finally, to complete the network, there can be a variable number
of other sampling points distributed around the installation to
detect any possible uncontrolled discharges.

The number and location of these points will be determined both
by the amount discharged into the atmosphere and by the physi-

cal, meteorological and demographic characteristics of the area.

Types of measurement

Usually this will be a total alpha a.nd/or total beta measurement
on dust collected on filters or on gas retained in a trep (e.g.

an activated carbon trap) or present in a buffer reservoir.

Since the natural background will give a value comparable to
that of the discharges to atmosphere it will be necessary to
adopt suitable means of distinguishing the different contribu-
tions. Fallout from nuclear explosions will obviously have to be
allowed for if it is not negligible in relation to the figures
for the discharges studied. Here it has to be remembered that
seasonal fluctuations in fallout can be several times greater
than the mean value. Comparison of values from the station near
the installation with values from national monitoring networks
may therefore help to make the distinction, National values are
usually accompanied by good statistical information which helps
to evaluate the cause of any variations in the radioactive con-

tamination due to discharge.

These measurements should in any case be integrated with more

specific measurements intended to determine the concentrations
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of different radionuclides. These concentrations could in parti-
cular be determined by gamma spectrometry of composite samples
as indicated below at section 6.4. Similarly if total alpha
measurements show any increases which cannot be attributed to
variation in background, alpha spectrometry can be carried out

on a thin sample after suitable chemical separation.

6.4. Frequency of sampling and measurements

Usually there will be continuous sampling at the point of dis-
charge (stack) and the samples will be appropriately monitored
to give information on the amount discharged and to give an
immediate alarm in the event of unscheduled discharges.

As regards measurements in the environment, unless there are
special technical factors determined by the characteristics of
the installation a.nd/or of the site which require other conti-
nuous sampling points it will be sufficient to take samples
every 24 hours and then carry out the total beta measurements or

possibly total alpha measurements on the samples taken.

On composite samples taken monthly or where there have been sig-—
nificant increases in activity it will be possible to make gamma
spectrometry measurements to obtain more detailed and more com-

plete information on the composition of gaseous effluents.
The volume of air to be filtered will be determined in such a
way as to guarantee representative samples and adequate sensiti~
vity for the measurement.

7. MONITORING OF RADIOACTIVE CONTAMINATION OF WATER

T.l. Introduction

Waters can be an important factor in the transport of radionuc-
lides from wastes to man in view of the contribution made by
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fishery products and irrigated plants to ingestion of radiocon-

tamination via the diet.

The existence of concentration phenomena in foodstuffs receiving
contamination from water means that concentration limits have to
be adopted which are lower than those set for drinking water.
Where the water is not used for irrigation or fisheries the
transfer of radionuclides to man may occur via drinking water,

which will then be the critical pathway.

Where there are aqueducts supplying large groups of the popula-
tion and capable of being contaminated by discharges from nuc-
lear installations, drinking water can become an important route
of transfer since it may be the cause of an appreciable collec-
tive dose. This will then have to be taken into consideration
together with the determination of the dose delivered to the

critical group as a result of the discharges made.

Sampling Points

As in the case of 6.2., the primary sampling point will normally

be at the point of discharge of the radionuclides,

Where discharge is into a watercourse it will also be advisable
to draw a sample up-stream of the discharge point in order to
obtain information on any contamination not due to the installa~
tion itself. Since there may be ceses where the direction of
flow is reversed (e.g. because of tides) the up-stream point
needs to be chosen in such a way that it is known not to be in-

fluenced by discharges from the installation.

PFinally it may be necessary to choose further sampling points in
zones where the most frequently caught fish in the region live
and where water is drawn off for irrigation. It will also be
desirable to know the average concentration in the receiving wa~
ter: where this is a river the sampling should be done at a

distance from the discharge point corresponding to the "mixing
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length". This length (beyond which there is a uniform distribu-
tion of effluent) varies for watercourse in question and for a
given watercourse varies with the flow. It therefore needs to

be determined by suitable experiments.

For a lake or basin the sampling point should be chosen in such
a way as to give a representative mean value for the entire
volume of water. Finally where effluent is discharged into or
near the sea, samples should be taken at points where the con-
centration is higher on average than in any zones devoted to
fishing or the collection of algae, shellfish etc. intended for

consumption.

Where any discharges, deliberate or unintentional, can influence
underground waters these will also need to be sampled at the
point where the assumed concentration of radionuclides is high-

est.

Types of measurement

Samples taken in the discharge channel should be subjected to a
total beta count (and possibly a total alpha count). The evi-
dence is that this type of measurement serves purely as a guide
and its only purpose is to detect unacceptable increases in ra-
dioactivity. Where pre-set levels are exceeded specific measu-—
rements of different radionuclides will be necessary, possibly

preceded by suitable chemical separations.

For all other samples taken in the surrounding environment spe-
cific measurements of different radionuclides are normally re-
quired since the variations in concentration of naturally occur-
ring radionuclides are often higher than any possible increase
due to the radionuclides discharged from the installation in

question.

Maximum concentrations are then established on the basis of the

use to which the water will be put.
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Frequency of sampling and measurements

The frequency of sampling and of measurement at the point of
discharge will depend on the methods of discharge. Where dis-
charges are continuous both sampling and measurement (in general
a total beta count) will also have to be continuous as stated

in the previous paragraphs, with the possible addition of spe-
cific analytical determinations where it is found that activity
levels have increased beyond the statistical variations. However,
for intermittent discharges (e.g. discharges made whenever a
certain storage volume has been filled) the measurement will in
general be preceded by a determination, on a representative
sample, of the concentrations of the different radionuclides in-
volved. In the case of effluents of very low activity it is
sometimes possible to replace these determinations by a total

beta count.

For samples taken at other points the sampling can be either
continuous or weekly, monthly or quarterly according to the
likely variations of activity, the scale on which discharges

are made and the radionuclides discharged.

Measurements can also be made on composite samples (monthly or
quarterly); these should preferably aim to supply specific in—

formation on the concentration of individual raaionuclides.

The volume of the samples measured must be such as to permit the
determination with sufficient accuracy of concentrations below
the reference levels established for the water in question in
view of the conceniration effects found in the food chains asso-—

ciated with the water.
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8. MONITORING OF RADIOACTIVE CONTAMINATION OF SOIL

8.1.

Introduction

Soil can be contaminated either by discharges into the atmosphere
of radioactive substances which are deposited after a certain
time or by irrigation waters which have received radioactive
discharges from a nuclear installation. Soil contamination can
also be caused by leakage from pipes or from deposits of radio-

active waste accumulated at appropriate storage points,

A large part of the radionuclides discharged into surface waters
is absorbed to a great extent by suspended matter in the water
or is deposited on the bed of the watercourse or on its banks.
Elimination or accumulation of contamination will thus depend
largely on the movement of the fine sediments on which the ra-

dionuclides preferentially attach.

Sampling points

Agricultural land, in view of what has been said above and for
obvious reasons arising from concentration effects in cultivated
plants, represents an intermediate link of pathways by which
radionuclides can be transferred to man; this pathway is of im-

portance only for long lived isotopes.

It should be possible therefore to establish a sampling point in
regions of maximum build up according to the meteorological and

hydrological characteristics of the site.

As regards sediments deposited on the beds of watercourses, how-
ever, there is generally more interest. In fact, these sediments
act as integrators of the activity in the water and are also

more easy to measure because of concentration effects occurring

in the passage of radiocontamination from water to sediment.
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Sediment samples can be collected at the following points:

a) up-stream of the point of discharge of liquid effluent from
the installation at a distance such as to eliminate all in-
fluence of the installation, so as to indicate any contami-

nation due to other sources

b) in zones favourable to sedimentation down-stream of the
discharge point to indicate the overall behaviour of radio

contamination in the water course and

c) on beaches or at points where sediments are collected for

various purposes (dredging, formation of farming soil, etc.).

The object of these sampling operations is to monitor the pos~
sible modes of direct irradiation of persons who spend part of
their time at those sites. As will be pointed out in section 10
the dose delivered can also be measured directly with suitable

dosimeters.

This part of the monitoring programme will also serve to detect
any undue concentrations in materials intended for use at places
which may be remote from the installation and for which it would

not be feasible to run a separate monitoring programme.

Types of measurement

Measurements on sediment and soil will have to be of a type
specific for the different radionuclides in view of the presence

of natural radionuclides in measurable concentrations.

In most cases gamma spectrometry measurements will be adequate
to give a general picture of the situation sufficient for the
purposes of radiological protection. As regards beta emitters

(in particular strontium 90 which is of some interest because
of its half life and chemical characteristics) it will always be
necessary to precede the measurement by a specific chemical se-

paration,
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Frequency of sampling and measurements

In view of the integrating function of radiocontamination per—
formed by the so1l (both sediment and farm land) the collection
and measurement of samples can be carried out at a fairly low
frequency. This may be quarterly, sixmonthly or annually accor—
ding to the extent of discharges at the particular site under

examination.

The volume of sample to be collected will in general be several
cubic decimetres and for agricultural land it must be restricted
to the top 25 centimetre surface layer. However, the samples
should consist of a number of sub-samples (5—10) taken from
points several metres apart in order to guarantee good represen-

tation of the particular area.

9., MONITORING OF RADIOACTIVE CONTAMINATION OF FOODSTUFFS

9.1.

Introduction

The food chain often plays an important part in the transmission
of radionuclides to man. Knowledge of the concentrations of the
different radionuclides is therefore fundamental to determining

population doses.

Foodstuffs may be contaminated directly