































































































































































































































































































Nordiska Séliskapet for Stralskydd
NKS / EKO-4: Stor dvelse

using their existing bilateral and multilateral communication agreements. These exercises will be
sponsored by OECD/NEA. The IAEA, CEC and WMO will also participate.

Finnish rescue service authorities participation in INEX-2-FIN

The Finnish regulations require that off-site rescue service authorities have a large co-
operation emergency exercise at least every third year for each nuclear power plant. The
exercise on April 17th, 1997 is going to fullfil also this requirement and also for this reason
the participation will be comprehensive: ‘

— GOVERNMENT: responsible ministers & government office

—~ MINISTRIES of
interior, forest & agriculture, trade & industry,
social & health affairs, traffic, Foreign ministery

— NATIONAL BOARDS:
Finnish institute for radiation protection and nuclear safety (STUK),
Meteorological institute, Aviation board, broadcasting company,
road department, Finnish news agency (STT)

~ PROVINCES (Uusimaa & Kymi)

- LOCAL RESCUE SERVICEs at Loviisa co-operation area:
local alarm center, fire brigades, communal command posts, coast guard, police.

The planning is supervised by a direction committee that has representatives from ministery
of interior, STUK, government office, Finnish rescue institute, IVO power company, also
provincial & local authorities, that have rescue service responsibilities conserning the other
Finnish NPP, contribute to exercise planning; this committee is chaired by senior inspector
Tarmo Kopare from ministery of interior. More topical sections, like plant process and
radiological scenario, are being planned in separate planning groups.

Nature of INEX 2 exercises

To be more realistic than INEX 1 exercises, INEX 2 exercises are based on a postulated
accident at a real nuclear power plant with real weather conditions. The exercises will last one
day with threat, release and immediate post-release phases. The exercise is going to be long
enough so that release will affect a large area, at least to some extent. In key postitions the
personnel should be rotated which urges a larger number of persons to prepare themselves for
emergency preparedness activities.
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Nordiska Saliskapet for Stralskydd
NKS / EKO-4: Stor ovelse

The main acitivities of INEX 2 are:

» Decision making based on plant condition.
~ The decision makers have to make a compromise between early reactions
based on less knowledge and late actions based on more complete knowledge.
The potential release including its source term should be assessed; it might be a
more important argument than the readings of radiation monitors on-site and
near-site.

e Real time exchange of information
— A severe radiation accident will have a world-wide interest far beyond the
potential or postulated contamination area. The nature of the accident and it
consequences should be assessed, informed and understood correctly in each
command post.

e Public information
— This may be the most visible part of emergency activities. The authorities and
the power company have to demonstrate that they have made proper
assessments and countermeasures.

The effect of real weather

Why real weather instead of postulated weather?
Traditionally emergency exercises have used postulated weather conditions because in this way
* Radiological monitoring data based on detailed calculation can be prepared
carefully
» Radioactive releases and contamination can be directed to towns or across borders
or to other “pedagocically interesting” locations

However, modern large area, two- or three dimensional computer models that calculate the
transportation of radioactive releases make use of compehensive meteorological data that is
transmitted automatically in file formats from a large number of weather stations. The computer
models use both real time data and its history. It is impossible or at least inpracticable to generate
enough postulated weather data or to use some old weather data. For this reason there is a
general trend to use real weather in emergency exercises.

In case of Loviisa the potential exercise weather conditions can be classified to two categories:

1. Release towards inland: The population density near-site is relatively low and
there are no state borders.

2. Release to the sea: Almost no population until Russian Islands (50 km) and
Estonian coast (80 km).
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* Extreme weather conditions (storms or very high/low temperatures or sea water
levels) can be excluded; locally, mainly in bays, the ice cover may limit moving

The accident scenario is, of course, secret. However, one can speculate how far a release could

travel during the exercise?
° Theoretically; 10 m/s * 14 h = 500 km e.g. to Stockholm

° Realistically: 5 m/s * 6 h = 100 km e.g. to Helsinki or Tallinna
These 100 km and 500 km circles have been indicated in the next figure.

APULATION DENSITY WITHIN 100 km
FROM LOVISA NPP

o 1 inhabitants /krry

1 10 inhabitants /kmy’
10100 Inhabitants /km’

100- imhabitarts /km¢

The situation is very different from the INEX-2-CH exercise where the Swiss nuclear power
plant is just at German border. It is probable that in INEX-2-FIN no neighbouring country
will receive the postulated radioactive release during the exercise. For this reason the
protective actions will be needed mainly in the national exercise and in the international part

IVO
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the main activities will be, as stated earlier: decision making based on plant ¢ondition, real
time exchange of information and informing public.

Nordic aspect

Nordic Nuclear Safety Research program 1994-1997 contains a large emergency exercise that is
going to be combined with the INEX-2 objectives. This encourages all Nordic countries to
participate actively in the exercise in April 1997.

Because of geography Scandinavian countries should concentrate on those activities that are not
directly related to an immediate contamination situation. All five Nordic countries have
representatives in the exercise planning committee and they will inform about the exercise in
their home countries:

SVERIGE: Ake Persson & Asa Wiklund / SSI

NORGE: Eldri Naadland & Finn Uggletvit / Stralevern
DENMARK: Vibeke Hein / Beredskapsstyrelsen
ICELAND: Elisabeth Olavsdottir / Geislavarnir Rikisins
FINLAND: Hannele Aaltonen, Riitta Hinninen /STUK

The information persons have planned their co-operation. Observers from Esto:ia, Latvia and
Lithuania are going to be invited to assist them to organize emergency exercises in the home
countries in the future.

Preparation for the exercise:

The exercise day will give valuable experience but the main benefit comes from the
preparations. Each organization has good reasons to evalueate and modify their plans, train
their personnel, assess the need of new equipment and check communication devices &
contact numbers.

The exercise coordinators are not going to control each organizations activities in detail,
Rather these should take initiatives of their own in order to have an effective exercise; What
could our organization do in an exercise like this? How we simulate it? Could we take
initiative to track problems and present them others?

The exercise organizers have a good opportunity to assess the exercise arrangement: how to
reach a motivating and realistic exercise situation and how to develop the exercise planning in
the future,
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Nordisk riskkommunikation och utveckling av NKS' informationsmal

Informationschef Vibeke Hein
Beredskabsstyrelsen

Datavej 16

DK-3460 Birkersd

Abstrakt

Atomenergiulykker respekterer ikke nationale granser. Det er en af grundende til, at et nordisk
samarbejde om befolkningsinformation er vigtigt. Sker der en ulykke, vil den fi konsekvenser for
alle/flere af de nordiske lande. Med de tztte grnser samt sproglige og kulturelle forbundethed vil
oplysninger givet i et af de nordiske lande blive sammenlignet med oplysninger givet i nabolandet.
De nordiske myndigheder opndr derfor en langt sterre troveerdighed, hvis de kender til hinandens
informationer, sd eventuelle forskelle i foranstaltninger kan forklares. Information om risiko er
sveer. Det er den, fordi det ikke er entydigt, hvad der er farligt. Hvordan informerer man om et
sveert emne til en modtager, der ikke er interesseret - det er et af de spergsmal, vi har stillet os.
Det drejer sig udelukkende om forhindsinformationen. I tilfzlde af en ulykke er interessen
pludselig meget stor, og informationsstremmen synes ofte for ringe. Hvilke faktorer spiller ind,
for at mennesker opfatter risiko pa det rette niveau, bliver bange, hvis det er nedvendigt, eller
undgdr panik selv om situationen er ukendt - det er noget af det, vi i fzllesskab forseger at
analysere. Hvad kan man egentlig opfatte, nér man er i en presset situation - det ved man noget
om ogs4 fra andre omrider, fx fra hospitalsverdenen, en viden som vi samler ind for at blive bedre
til at kunne tilrettelzegge den information, der skal sendes ud, nir noget sker. Et vigtigt element er
uden tvivl muligheden for at f& svar pa egne spergsmal, at kommunikere og ikke bare modtage
informationer.

Det arbejdes sidelobende med de generelle informationssporgsmél med at forbedre kendskabet til

NKS. Der oppstilles kommunikationsstrategi og grafisk profil, ligesom der afholdes kurser i
formidling for projektledere, og nye kommunikationskanaler tages i brug.
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Information exchange with internet technology, the NKS/EKO-4.2 project

Tord Walderhaug,
Geislavarnir rikisins

Abstract - The EKO-4.2 project involves investigating approaches 1o setting up a new reliable system based on
computer internet technology for exchange of information between the Nordic countries. Since a potential system
will have to be implemented by the authorities in the respective countries, the first part of the project should survey
their interest and emphasis, which was solved with meetings in the different countries. The conclusion from those
meetings was an overall interest in establishing a system as described, and several requirements concerning security
and reliability of the system were proposed. A practical solution of an information exchange system based on the
World Wide Web, the File Transfer Protocol, and the Internet is outlined. The continuation of the project must be
based on operable servers in the different countries, whose configuration and connection with the local network are
the responsibility of the institution owning the server. The solution will depend on hardware and on the overall
security policy of the institution involved. It is proposed that further work must concentrate on a general testing of
a system, standardizing of server user interfaces and testing of encryption software for transfer of passwords.

Introduction

Information exchange between the Nordic authorities in case of nuclear accidents is today mainly
based on the telefax. The obvious limitations of this technique, initiated the NKS/EKO-4.2
project, which should look into the possibility of using computer networking for the information
exchange instead. The project was initially thought as a two-step process. First the authorities
should express their expectation and requirements of such a system, and later on a system should
be set up according to the specifications expressed by the authorities. The NKS should not invest
in any equipment for the information exchange system, instead it should investigate the different
approaches of setting up the system. By the fall of 1995 Geislavarnir rikisins had set up an
information server, which closely matched the requirement specified by the authorities. Further
work, such as an overall testing of the system, transfer methods of passwords, encryption
procedures and standardisation of user interfaces, must be based on operable servers, and is
therefore delayed until the other countries have set up their servers.

Telefax vs. computer network for information exchange

The main advantage of the telefax, the current information exchange system between the Nordic
authorities, is its reliability. It is based on the telephone network which has the very first priority
of the telephone companies, and is in addition very easy to maintain. If a fax machine should e.g.
break down, a new one can be plugged in without any complicated set up procedures. Its list of
drawbacks, on the other hand, is extensive. The most important being the bad quality of the
messages and the difficulty in processing the information further, all which is solved by the use
of a computer network instead of the telefax. Data where a system based on computer networking
is especially preferable, are graphical presentations and numerical data which can be processed
directly. Examples are contamination maps, weather maps, and files containing nuclear
inventories to be used directly in fallout/dose calculation software, but all types of computer files
may be transferred, such as software, word processor documents and scanned pages from reports
or text books.

The main drawback of an information systetn based on the Internet is the lack of reliability. One
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solution to that is to set up a dedicated network, based on the telephone network, but this is very
expensive. A better solution is to use the Internet, with direct dial-up connections as a reserve
system. This reserve system may use the same server and software as the Internet connection, or
may be a connection to a mirror server with remote access software. It must, however, be
emphasized that though the communication line can be made highly reliable, the computer
system itself may break down, and is today not as easily replaced as a telefax machine. It is
therefore difficult to find a replacement for the telefax as an alarm system, and the telefax can
also be considered the last resource if everything else breaks down.

Electronic information exchange can basically be set up in two ways, either as an electronic
mailing list, or as a bulletin board system. The former method lacks an automatic
acknowledgement procedure. This is not important for short messages, but is a problem in
transfer of bigger files, On the other hand is the receiver notified of the existence of new
information. The bulletin board system does not need any acknowledgement procedure, since it
is the receiver who performs the actual information transfer. This system, however, has no
automatic notification of new information available for transfer. It may therefore be of interest
to have a combination of those two methods, where short electronic messages are sent with
information about the content of the servers.

The emphases of the authorities
The following were emphasized by the authorities, when the plans for the system were presented:

- The security of the local network must not be compromised.

- Security of the data and the data server must be ensured

- Confidentiality of data must be ensured

- The system must allow access restriction with discretionary access control
- It must be highly available and reliable

- It must be easy to use

The security of a computer network engaged in communication with other networks, depends
mainly on how the network is configured for the communication. Several options are available,
from the data server being completely isolated from the local network, i.c. the data must be
transferred to and from the data server by means of diskettes or some kind of dial up connection
(a 100% secure solution), through different configurations with the local network involving
specially configured gateway computers (firewalls) that check, route, and label all information
passing through them, see figure 1,2 and 3. In the first configuration the local network is actually
not engaged in the communication at all, instead the data server operates as a network in its own
right. The owner of the local network is solely responsible for the communication, and the
configuration will thus depend on the institution's own network security policy.

The data server (the host computer) cannot be 100% protected. Firewalls can increase the
security, but even then break-ins can be expected. They will however be rare (every few years),
brief (the firewall system is quick to detect anomalies), and inexpensive (serious incidence
involving system damage and data loss is very unlikely). When the data are transferred between
networks, they will pass several intermediate networks, with the possibility of being tapped. The
system must therefore be used with the risk in mind. A straightforward way of ensuring data
confidentiality, e.g. with transfer of passwords, is encryption, and must be considered.
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The authorities’ requirements of access restriction with discretionary access control are easy to
implement with the server software applied for the Internet. The newest software with graphical
user interfaces is also easy to use, as shown in the next section.

Local network

B,

5 =B

sCrver

Information-

Figure 1. No connection between the local network and information server. Data is passed between the local network
and server with disketies.

Local network

server

Router

network

Information-

Figure 2. Direct dial-up connection between the local network and information server. By configuring the dial-up
connection correctly, 100% security for the local network is available. The extra connection to the data server on
the other hand, may decrease the security of that part of the system.
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Figure 3. A configuration with a firewall. The local network is not 100% protected. However, it is very unlikely that
break-ins will have serious consequences.

An example information server

An example data server which closely matches the requirements specified by the authorities, has
been set up at Geislavarnir rikisins. It is based on CERN httpd World Wide Web server software
running on a Unix computer with a firewall connection to the local network. The transfer of data
is accomplished with the File Transfer Protocol. The figures 4, 5 and 6 show how a session where
a file is down loaded may appear, using Netscape Navigator browser software to attach the
server. On figure 7 is shown how a new file is made available on the server.
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Figure 4. A user interface of an information server showing different directories containing data, as well as links
to similar services in the other Nordic countries (left). The directories are password protected with different
passwords for discretionary access control. When a directory is selected, a window pops up acquiring user
identification (right).
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Figure 5, Incorrect user name or password is notified with an " Authorization failed” message (left), while a correct
user identification gives access to the directory with the information (right). The different files can now be
transferred to own system with a mouse click.

Eucatiei: - Wi e gl {1t A ®
Long . HAFBAMDSANGE [~ R -1 o
B THO P D W] =
!,....__ _ X
B s _. e : L] Lot modified Sise Descripcton
o s R TR H ]
Parenc di ﬁﬂn[‘)‘] 'l e E Parant dirsutory
D diaeare = TR T e ——i dime. exe 1-Pec-96 04151 TA7R
Macguis.gif DL-Tab-96 04:37  11F m Datpeis . gir 01-Fet—#8 04137 11K N
Fomstgxc.dac 04-Jun-96 03;3) 12r POMEEAXT . SO 01-Jun-94 03133 1%
¥ filas 1 files
I G e e e Sam e 1 B | TR Pl ; 5

Figure 6. When a file is selected, the user is first asked where to save the file on own system (left), and the file is
then transferred (right).
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Figure 7. A new file is made available on the server. The server is set up as a drive on the computer network, and
files can be copied across the firewall with & standard file manager (left). The directory listing is automaticalty
updated and the remote user has now the possibility of approaching the new information (right).
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Further work

It is important to note that the above example is far from the only way, and probably not the most
convenient way of exchanging information. Different approaches are needed for different
purposes. It may for instance be of interest to automatically transfer data of a certain kind, and
then a solution with a direct use of the File Transfer Protocol must be applied instead of going
through the World Wide Web. The current development in the field of telecommunication is very
rapid, and better information exchange solutions will certainly be introduced in the future. An
example is remote access to computer systems, which today is regarded as highly insecure, but
which in the future may be regarded as an interesting alternative.

Further work must be based on operable servers in the different countries. It requires that every
country both set up a server according to own criteria, and develop tools for approaching the
information in the other countries. Proposed topics of interest to study further in addition to an
overall testing of the system, are secure transfer of passwords, encryption, and a standardisation
of user interfaces and directory tree for discretionary access control. All further work must be in
close cooperation with the involved authorities.
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Preplanning of early cleanup

Thomas Ulvsand
FOA ABC-skydd
S-901 82 Umed

Abstract-A prestudy "Preplanning of early cleanup after fallout of radioactive material”, made by
Studsvik EcoSafe in Sweden, pointed out the need and request for preplanning of actions of cleanup.
The prestudy proposed that a main study should be started to propose test methods, elaborate
scenarios, describe relevant cleanup strategies in different environments and to prepare a checklist.
Based on the prestudy and on discussions this project was started, with the goal as stated below.
Because of the common interest between the Nordic countries NKS is the organisation responsible for
the project.

The result of the project is intended to be a document pointing out what can be planned in advance
regarding early cleanup actions after a nuclear plant accident. Early shall in this case mean the three
first weeks after an accident. The project shall only deal with questions concerning external radiation.

The responsibility for these actions is differently organised in the Nordic countries and the document
shall be usable to persons in charge of planning or decision makers on the appropriate level of

* - organisation for each country. The document shall principally be aimed towards persons without

_professional competence in the field of radiology.

Results will be presented for a limited number of generalised environments and fallout situations
- urban/ suburban/ rural
- regional differences (in for example house types and constructing material)
- dry or wet deposition

For the time being work is going on in a project group with participants from Denmark, Finland,
Norway and Sweden, There is yet no results to present.

Introduction

In Sweden the county boards (linsstyrelserna) are the authorities in harge for cleanup
and other measures to be taken in the event of release and fallout of radioactive
substances with origin in nuclear facilities. This is according to the Swedish law on
rescue service. The same law requests the county boards to make up plans for cleanup
actions.

In the other Nordic countries the responsibility for these actions lies on the national
level, but there still is a person or a group of persons that have to or should do plans
for early cleanup actions.

So whatever the organisation looks like, in our countries there are persons who would
be helped to have guidelines and a checklist when they sit down to make plans for
something that yet has not happened.

The prestudy "Preplanning of early cleanup after fallout of radioactive material”, made
by Studsvik EcoSafe, proposed that a main study should be started to propose test
methods, elaborate scenarios, describe relevant cleanup strategies in different
environments and to prepare a checklist. Based on the prestudy and on discussions this
project was started. Because of the common interest between the Nordic countries,
NKS is the organisation responsible for the project.

95



As the work is going on just now there are yet no results to present.

Purpose and limitations

There is a lot of knowledge and data dealing with different environments, various
decontamination methods with their relative effectivness and a number of scenarios.
Mostly this is in a form that makes it difficult to use as the needed guideline for
preplanning of early cleanup actions. The task of the project is to work out these
guidelines. '

Which actions do we regard as relevant/necessary to be prepared fo:? What does these
actions mean regarding the planning? Are there actions not justified to work out plans
for? (There can be several reasons for this, for example that the action is relevant but
need no planning or that the action not should be done).

The outcome of the project is intended to be a document that points out what can be
planned in advance regarding early cleanup actions and containing gu'delines and a
checklist. The document shall have a form that makes it usable to planners and
decisionmakers without professional competence in the radiological field.

The project will only consider doses to the public and working personnel due to
external radiation and will not deal with actions aimed to reduce uptake and
contamination in agricultural products and food. The result will be prasented for a
limited number of generalised environments.

Planning of the work and work so far

At a meeting in June the project group decided that the work should be concentrated
on urban areas. Rural areas is a minor problem as long as you talk about preplanning
because people can take actions by themselves after recommendations and have most
of the equipment needed. Besides, it is a small part of the population that will be
affected. '

The group also decided not to use different contamination levels. The actions are
neutral to levels, as long as you talk about relative effects of different cleanup actions,
but it is necessary to consider the differences in efficiency for wet and dry deposition.

Five generalised environments for peoples living conditions will be used in the
calculating of effects of various actions. They are: single family houses of wooden or
brick/concrete construction, semidetached houses, large two-storey terrace houses and
urban centre multi-storey houses.

"URGENT - a model for prediction of exposure from radiocaesium deposited in urban
areas', developed by Rise, will be used for the calculations. For the environments
mentioned above, and for the cleanup actions triple digging; fire hosing of roofs, walls
or roads; soil or snow removal; grass cutting; pruning of trees and bushes;
ploughing; vacuum-sweeping of roads the intention is to prepare a data sheet for each
case showing the Expected effect (dose rate reduction, accumulated lifetime dose
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reduction), Personnel requirements and costs, Equipment / other requirements and
costs, Practicability, Waste-amounts and costs, Further remarks.

Together with views from some future users these data then will be edited to form a
suitable final report. It is planned to be finished on March 31, 1997.

The project group

Thomas Ulvsand, FOA, Sweden project leader
Kasper G Andersson, Risg, Denmark

Jorgen Holst Hansen, Beredskabsstyrelsen, Denmark

Kari Sinkko, STUK, Finland

Svein Uhnger, Statens strilevern, Norway

Jan Preuthun, Statens Jordbruksverk, Sweden

Gun Svennerstedt, Statens Raddningsverk, Sweden
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Beskrivning av processen med ackreditering av
laboratorier inom gammaspektrometri

Porsteinn V. Jonsson (fork. PVJ), Geislavarnir rikisins, Reykjavik, Island

1. Introduktion

1.1. Allmént

Denna artikel beskriver ett delprojekt (betecknat med NKS/EKQ-3.2.4) som bekostats
av Nordisk kérnsikerhetsforskning. 1 rapporten Nordisk kernesikkerhedsforskning,
Projektplaner for programmer 1994-1997, Rapport for 1994, NKS(94) 7 rev,
1994-10-20, har projektet EKO-3 rubriken Beredskabsstrategi og ~procedure. Ett av
delprojekten har rubriken “Kvalitetssikring ved maling, provetagning og analyse”. 1
NKS rapport NKS(93)1, 1995-02-16, har delprojektet utdelats beteckningen
NKS/EKO-3.2 och beskrivs bl a med foljande ord: “delprojektet kommer i forsta hand
att koncentrera sig pa gammaspektrometri vid laboratorieanalys och i falt”
Delprojektet, som &r grunden till arbetet med denna artikel, blir senare ett delprojekt
under EKO-3.2 och utdelas rubriken “Kvalitetssikring inom gammaspekirometri med
ackreditering som mal” och beteckningen NKS/EKO-3.2.4.

1.2. EU direktiv 93/99

EU direktiv 93/99, 29. oktober 1993 giller for kontroll av livsmedel. I artikel 9 stdr (i
dansk gversittning):

“Medlemsstaterne setter de nodvendige love og administrative bestemmelser i kraft
Jor at efterkomme

— dette direktiv, bortset fra artikel 3, inden den 1. maj 1995

— artikel 3 inden den 1. november 1998

I artikel 3 star bl a detta:

“1 Medlemsstaterne treeffer alle foranstalminger til at sikre, at laboratorier, der er
omhandlet i artikel 7 i direktiv 89/397/EQF, overholder de generelle kriterier for
provningslaboratoriers virksomhed, som fastlagt i europeisk standard EN 45 001 ...”

1.3. Malet med projektet

Ackreditering och kvalitetssakring har stort intresse i beredskapssammanhang. Kvalitet
av matningar berdr bdde laboratorier och mottagare av data. Den berdr ej enbart de
laboratorier som séker ackreditering. En ¢kad tyngd liaggs pd pélitlighet av snabbt
utbyte av mitdata mellan land i fall av olyckshindelser. I sddana fall kommer tidsbrist
att forsvara uppfoljning och tester av mitdata. Det ar dock nodvindigt att mottagaren
kan lita p& de data som han far i samband med olyckshindelser.

Gammaspektrometri kan ses som relativt enkel méitmetod jamfort med t ex métning av
alfa- eller betastrdlande prover. Jimforelsetester avsldjar dock stora olikheter mellan
laboratorier, dven vid relativt enkla matningar av fex Cs-137. Det 4r dirfor ett viktigt
mdl inom beredskap och vid framtida utbyte av mitdata att laboratorier definierar och
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om mojligt forbattrar den kvalitet som man vill erbjuda i beredskapssammanhang
liksom vid “normal” drift.

2. Resultat

2.1. Alimént

Resultat kan delas upp i fyra delar, Ackrediteringssystemet

(1) Information om ackrediterings-

systemet i Europa, (2) information Regeringen - lagar och forordningar
om ackreditering, (3) prototyper av

kvalitetsmanual och teknisk manual L 4

och (4) rekommendationer till Ackrediteringsorgan =  EAL & EAC
nordiska strilskyddsmyndigheter. (EN 45 003:1995)  |q—I (EN 45002/3/10)
Dessa delar presenteras hér separat. l

Prot.otypema av manuah?ma . o peEn 45 010 (DRAFT]
publiceras separat. De nordiska Provningsorgan

ackrediteringsorgan samarbetar till en (EN 45 001/2/10™)

viss mén men att f2 till stdnd l |

samarbete om ackreditering av Certifieringsorgan

laboratorier inom straiskydd verkade {EN 45 011-13)

in vara realistiskt. Ackreditering inom
ett land skots  av  landets
ackrediteringsorgan.

h 4

Inspektionsorgan *** under konstruktion

(EN 45 004/xxx""")

Kostnader kan vara héga bade nir det ~ “MoU (31 May 1394] & MLA (33. October 1995)

géller soknadsavgifier, bedomnings- gy 1 Ackrediteringssystemet
besdk och andra direkta kostnader.
Arbetsinsatser av personalen kommer
ocksd att kosta tid och pengar, inte
minst under fasen med forarbetet di en eller flera personer méste skriva manualerna
och initiera nya kvalitetssystem. En person pd laboratoriet, kvalitetschefen maste dgna
omkring 25-50% av sin arbetstid at kvalitetssystemet for att bibehélia ackrediteringen.

Mol : Memorandurn of Understanding
MLA : Multilateral Agreements

2.2. Ackrediteringssystemet i Europa

Informationen om hur ackrediteringssystemet i Europa &r organiserat kom frin PVJ's
undersékning i juni 1996. I korthet kan man sammanfatta svaren siledes att
ackrediteringsorganen tillsitts av regeringen i varje land och arbetar enligt lagar och
forordningar. Samtliga ackrediteringsorgan arbetar under EN 45 000 standarderna och
med hiinsyn av ISO/IEC Guide 25. De Europeiska landen samarbetar inom omradet
ackreditering inom Foreningen for ackreditering av laboratorier i Europa, EAL
(European cooperation for Accreditation of Laboratories). Inom EAL har man dragit
upp en multilateral verenskommelse (MLA). I introduktionen star bl a:

“The cooperation of the Accreditation Bodies is based on a Memorandum of
Understanding (MoU) dated of 31 May 1994. An on-going programme of cooperation
has been set up which is aimed to maintain and develop Muliilateral Agreements on
the equivalence of operation of Calibration and Testing Laboratory Accreditation
Schemes administered by EAL Members and on the acceptance of certificates and
reports issued by laboratories accredited by them, based on mutual confidence.”
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Overenskommelsen tridde i kraft 30 maj 1995 och texten accepterades 19. oktober
samma ar. Alla Nordens land utom Island har undertecknat denna. For att tillatas
underteckna dessa avtal méste ackrediteringsorganen ha utvérderats under
EN 45002/3/10 standarderna. Utvirderingen gors om vart fjdrde &r. En schematisk bild
av ackrediteringssystemet i Europa visas i figur 1.

2.3. Ackreditering
Ackreditering &r ett officiellt erkdnnande av att fex ett laboratorium har nédvindig
teknisk kompetens att utfora sirskilda mitningar och méter kraven i europastandard

EN45001. Erkannandet ges av ett Ackrediteringsprocessen
ackrediteringsorgan som 4r ett organ som :

leder och administrerar ett system for
ackreditering och ackrediterar laboratorier. En
stor del av arbete innebidr skrivning av en
kvalitetsmanual och en teknisk manual. Eft
kvalitetssystem maste inforas och interna E
. revisioner av verksamheten méiste goras med { Védrdering av dokument

jémna mellanrum. Ackrediteringsorgan  [888AITANG
genomgar ca en gang om dret protokoll av I

Enkidt och kvalitetshandbok
skickas in. Avgift betalas

FORBATTRING >

. ‘. . . Beddmning hos sdkaren
interna revisioner. De kontrollerar dven att

registrering har gjorts enligt foreskrifter och I

att man atgérdat avvikelser som uppkommit Ackreditering beviljas
vid de interna revisionerna. Om &4ndringar agt I

rum i laboratoriet bor ackrediteringsorganet Regelmiissig uppfdljning
informeras. Om mycket omfattande 4ndringar och updatering

gjorts inom laboratoriet kan ackrediterings- ) I

. . . . Figur 2 Ackrediteringsprocessen
organet kriva att en ny utvirdering utférs.
Ackrediteringsprocessen medfor detaljerad dokumentation av procedurer som skall
genomgds av ackrediteringsorganet. Man kan grovt dela ackrediteringsprocessen i sex
delprocesser (Se figur 2.):

Forberedning

Inskick av séknadsenkit och kvalitetsmanual. (Avgift betalas)
Virdering av dokument hos ackrediteringsorganet
Beddmningsbestk hos sdkaren

Ackreditering beviljas

Regelmissig uppfdljning och uppdatering

A il b

Forberdningsarbetet kan vara arbetskriavande beroende pd omfattningen av sokt
ackreditering. Nodvandigt ar att definiera omfattningen av ackrediteringen som soks,
t ex provtagning, grovbearbetning av prover, slutbearbetning av prover och
Gammaspektrometrisk analys av fardigbehandlat prov. Det &r uppenbart att
ackreditering av mitningar av livsmedel innebér i det minsta nr. 3 och 4.

En kvalitetschef bor utses vars uppgift ar att ansvara for kvalitetssikring. Han miste se

till att personalen foljer beskrivna arbetsrutiner, ta ansvar for interna revisioner av
verksamheten och dtgérder for att korrigera ev motsigelser och fel som uppstar.
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Kvalitetschefen skall ha direkt tillging till hogsta chefen for laboratoriet. En teknisk
chef skall ocksa utses vars ansvar ir for den tekniska verksamheten inom laboratoriet.

Enligt europastandarden EN 45001 skall ett ackrediterat laboratorium ha ett
- fungerande kvalitetssystem och regler om sekretess, sikerhet och underleverantorer.
Man uppmuntras delta i jimforelsetester och i samarbete med kunder (om de onskar
efter det), ackrediteringsorgan och andra laboratorier om standardisering av
mitprocedurer och ¢kning av kvalitet. Det
4r noggrant specificerat hur en rapport skal
presenteras  fran ett ackrediterat
laboratorium. Kalibrering av métinstrument Ackrediteringsorgan
maste goras av  ett  ackrediterat
laboratorium eller riksmétplats. {

“Grupp ackreditering”™

P& laboratorier anvinder man sig ofta av Ackrediterat laboratorium
hemmagjorda datorprogram f ex vid analys
av gammaspektira. Ackrediteringsorganet

arbetsrutinerna som utfors. Datorprogram Lab. 1 Lab. 3
méste dirfor dokumenteras noga, dvs vilka
ekvationer och algoritmer som anvinds sd
att det 4r mojligt att verifiera att

programmet ger de resultat som péstds av
laboratoriet. Figur 3 Grupp-ackreditering

A A v

Lab. 2 Lab. 4

Det finns ett alternativ till full ackreditering for mindre laboratorier. De kan teckna
kontrakt med ett annat laboratorium som skall g& genom full ackreditering. Det storre
laboratoriet, moderlaboratoriet, gir igenom hela ackrediteringsprocessen och de 6vriga
mindre laboratorierna, satellitlaboratorierna, gor sitt kvalitetsarbete 1 samarbete med
moderlaboratoriet. Nir ackreditering beviljats far kontrakterade matningar utforda av
satellitlaboratorierna samma status som mitningar utforda av ett fullt ackrediterat
laboratorium. Moderlaboratoriet diremot 4tar sig ansvar for kvaliteten av
satellitlaboratoriernas mitningar. Detta méjliga alternativ till full ackreditering kallas
hir “Grupp-Ackreditering” (Se figur 3).

2.4. Kvalitetsmanual och teknisk manual
Delprojektet resulterade bl a i prototyper av dessa manualer som publiceras separat.

Kvalitetsmanualen skal utforligt beskriva laboratoriets kvalitetssystem. Enligt
EN 45001 miste en kvalitetsmanual i det minsta innehélla foljande:

1. Kvalitetspolicy: Uttalande frén laboratoriets hogsta ledning om
laboratoriets policy anseende kvaliteten i allt arbete som utfors inom ramen
for ackreditering.

2. Laboratoriets organisation: Laboratoriets juridiska status och
organisatoriska stéllning i forhéllande till resten av foretaget samt
laboratoriets interna organisation.

3. Operativa och funktionella skyldigheter och uppgifter som ror
kvalitetsfrigor: Laboratoriet bér ha policy avseende personalrekrytering
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och krav pé personal. I detta sammanhang kan ingd krav om utbildning och
introduktion av nyanstillda samt vidareutbildning.

4. Allmiinna kvalitetssiikringsrutiner: Utforligt dokumenterade rutiner.

5. Rautiner for iterinforing och korrigering i de fall man uppticker
motsiigelser i resultat: En person eller flera personer bor tillses for
underhdil av interna revisioner och kvalitetssystemgenomgangar. Om dessa
avslojar motsdgelser i resultat bor finnas dokumenterad beskrivning av
atgdrder med syfie att korrigera motsigelserna.

6. Hantering av klagomil: Policy, ansvar, dokumentation och korrigerande
atgarder. I vissa fall policy angdende ev skadestind.

I tillimpliga fall méste dven foljande inkluderas i kvalitetsmanualen:
» Hinvisning till sirskilda kvalitetssikringsrutiner for varje provning
* Hinvisning till kvalifikationsprovning, anviindande av referensmaterial etc

Vid skrivning av kvalitetsmanual for ackreditering kan man dra nytta av 1SO standard
10013 (Guidelines for developing quality manuals). Vid strukturering av
kvalitetssystem kan ISO standard 9001 (Quality systems ~ ...) anvindas som referens.
Det &r annars fritt for laboratoriet att bestimma hur manualerna skall se ut sivida att
de &r konsekventa, klart skrivna och med utforliga innehallsregister s3 att de anstillda
kan utan besvir anvinda dem. Den tekniska manualen skall innehdlla utforligt
dokumenterade beskrivningar av arbetsrutiner, instrument, lokaler osv.

2.5. Diskussion

Det dr mojligt 6ka kvaliteten utan ackreditering till en nivi jimforbar med ett
ackrediterat laboratorium men det 4r omgjligt att jimfora kvalitet av tva laboratorier
utan en opartisk bedomning av en tredje part. For ndrvarande finns det inget bittre sitt
att ge laboratorier, som miter radioaktivitet (och biprodukter) i livsmedel, en
kvalitetsstatus utan ackreditering. Det &r dock klart att ackreditering kommer att
vidmakthélla laboratoriets goda kvalitet och dven 6ka den. Man bér ha i tanke att
laboratorierna sjélva kommer att ha storst nytta av ackrediteringen och darfor ar det ¢j
riktigt att betrakta den som ett onddig, byrakratiskt krav frin EU som maste uppfyllas
till varje pris. Att ackreditering skulle forhindra framtida utveckling inom laboratorier
ar fel. Det dr inget i sjalva ackrediteringen som forhindrar att man indrar arbetsrutiner
och/eller matprocedurer. Kravet fran ackrediteringsorganet &r att dessa andringar &r vil
grundade och att man informeras innan de trader i kraft.

2.6. Rekommendationer till nordiska stralskyddsmyndigheter

Foljande rekommendationer till nordiska strilskyddsmyndigheter ar baserade p4 arbete
med EKO-3.2.4 delprojektet:

Pa kort sikt (dvs inom 1% &r)

1. Soka ackreditering for rutinmissiga métningar utforda av myndighetens
laboratorier och de mitningar som kommer att géras i ev
beredskapssituationer. Man bor sikta pd ackreditering fore 1. november
1998 enligt EU direktiv 93/99, artikel 9.

2. Teckna kontrakt med ackrediterade laboratorier eller laboratorier som
stker ackreditering.
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3. Uppmuntra redan kontrakterade laboratorier att soka ackreditering for
den verksamhet som ror myndigheten.

P4 langre sikt (ca 1'2-3 ar)
1. Diskutera mojligheten att ¢ka ackrediteringens omfattningen av myndighetens
laboratorier s3 att denna 4ven ticker mitningar inom forskning
2. Teckna endast kontrakt med ackrediterade laboratorier
3. Sig upp kontrakt med icke ackrediterade laboratorier

Det framtida mélet for nordiska stralskyddsmyndigheter borde vara foljande:

I fall av beredskapssituationer baserar myndigheter sina beslut och
rekommendationer pd bla mdtningar av radioaktivitet i livsmedel, gjorda av
laboratorier som ackrediterats for sadana matningar.

Nir man uppnitt detta mil kan man konstatera foljande:

I beredskapssituationer baserar de nordiska strélskyddsmyndigheterna sina beslut och
rekommendationer p& mdtningar utforda i laboratorier ackrediterade for sadana
mdtningar. Detta garanterar en enhetlig kvalitetsniva av de mdidaia nordiska
stralskyddsmyndigheter baserar sina beslut pa.

ol
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An Intercomparison Exercise on Radionuclides in Sediment Samples

Sven P. Nielsen
Risg National Laboratory, DK-4000 Roskilde, Denmark

Abstract An intercomparison exercise on artificial and natural radionuclides in two sediment sam-
ples, one from the Baltic Sea and one from the Kattegat, has been carried out under the EKO-1 project
of the Nordic Safety Research Programme (NKS) for the period 1996-97. The measurement tech-
niques have included direct gamma-ray spectrometry with Ge and Nal detectors, and radiochemical
procedures followed by beta counting and alpha spectrometry. The participants have comprised 21
laboratories. Results were submitted for Cs-137, Cs-134, Co-60, Sb-125, Pu-239,240, Pu-238, Am-
241, 5r-90, Ra-226, Th-232 and K-40, Pb-210, Po-210 and U-235. The analytical performance of the
participants was evaluated for those radionuclides where six or more data sets were received. Statisti-
cal tests were made to see if individual results agreed with overall average radionuclide concentrations
in the two sediment materials within target standard deviations. The results of these tests show that
for Cs-137, Cs-134, Ra-226, Th-232 and K-40 the analytical performance criteria were not met for
20-40% of the data sets. For plutonium isotopes the tests show that the performance criteria were not
met for 13% of the data sets. Tests of overall analytical performance show that 61% of the data sets do
not meet the combined performance criteria. This shows that there is room for considerable im-
provement of analytical quality for most of the laboratories that have participated in this intercompari-
son. The intercomparison exercise has furthermore demonstrated several elementary problems in
analytical work such as interchange of samples, mistakes in calculations and correction of background
levels.

INTRODUCTION

Under the EKO-1 Project on marine radioecology which is organised by the Nordic
Nuclear Safety Research Programme (NKS) for the period 1994-97 an intercompari-
son exercise on radionuclides in sediments was initiated in 1995 by Risg National
Laboratory. A total of 21 laboratories have participated in the present exercise: 14
from the Nordic countries, 6 from the Baltic republics, and one from Japan.

MATERIAL AND METHODS

Sediment samples

Two sediment samples were obtained: one from the Baltic Sea and one from the Kat-
tegat. The Baltic Sea sediment sample was obtained from the German Federal Mari-
time and Hydrographic Agency (BSH) who collected the sample in the western Baltic
Sea. The Kattegat sample was obtained from the Danish National Environmental Re-
search Institute who collected the sample in the central Kattegat. Both samples were
homogenised and tested for homogeneity by gamma-spectrometric measurements on 9
sub-samples. Homogeneity of the sediment samples was demonstrated for Cs-137 and
natural radionuclides to within a few percent.

The sample material was distributed in June 1995 by sending 100 g Baltic Sea
sediment and 200 g Kattegat sediment to the participating laboratories. Some labora-
tories shared the same samples. One participant received a Kattegat sediment sample
only. During the intercomparison two of the participants submitted an extra set of re-
sults, so the number of results received per radionuclide varies from 1 to 23. For ano-
nymity the data sets are identified by numbers.

Statistics

The data were evaluated by comparing the laboratory mean results of radionuclide
concentrations in the sediment samples to the corresponding overall mean concentra-
tions. The procedures were adopted from those used in a recent proficiency testing
exercise on radionuclides in milk powder carried out by the Central Science Laboratory
(CSL 1996). The overall mean concentrations were determined for those radionu-
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clides where six or more sets of data were received and after exclusion of outliers de-
termined on a subjective basis. No evaluation was carried out for radionuclides where
less than six sets of data were received.

For each laboratory mean result a z-score was calculated according to

X%

>

o,

where x is the laboratory mean value, ¥, the overall mean value and o, a target value

for the standard deviation around the overall mean value for the analysis in question.
The target values were chosen to be 5%, 10%, 15% or 20% deperding on the radi-
onuclide and represented uncertainties typical of those reported by the participants.
The z-score may be used as a test-value in the normal distribution such that values
between -2.0 and 2.0 would be acceptable at the 5% level.

Values of z-scores may be combined into a rescaled sum or z-scores, a RSZ-
value which is calculated according to

RSZ -_ ‘-—Z-.-_f-’
Jn
where n is the number of z-scores being combined. The RSZ-value may be used for a
test in the normal distribution. The value is an indicator of analytical bias.
Values of z-scores may furthermore be combined into a sum of squares of z-
scores, SSZ, which is calculated according to

SSZ=3z".

=l
This value may be used for a test in the 3 -distribution with n degrc<c of freedom. The
SSZ-value is an indicator of analytical accuracy.

Two-sided tests have been made for the normal distribution and the -
distribution. The following levels and symbols of statistical significance have been
used: probably significant (P>95%, *), significant (P>99%, **) and highly significant
(P>99.9%, ***).

The scores were combined across the two sediment samples for each set of re-
sults to allow an evaluation of the laboratory performances for each radionuclide to be
made. Additionally, the scores were combined across all radionuclides to permit an
evaluation of the overall analytical performance for each participant.

It is important to note the elements of subjectivity in the statistical tests. The
overall mean values are in several cases determined after eliminaticn of subjectively
identified outliers, and the target values of the standard dewviation: (o) around the
overall mean values are chosen on a subjective basis.

RESULTS

Results were received on a wide range of radionuclides. The artifizial radionuchdes
comprise Cs-137, Cs-134, Co-60, Sb-125, Pu-239,240, Pu-238, Am-241 and Sr-90.
The natural radionuclides comprise Ra-226, Th-232, K-40, Pb-210, Po-210 and U-
235. This paper presents results for some of the radionuclide and sediment samples
where six or more data sets were received. The graphs show the sorted results and
include an indication of the overall mean value and the 95% confiderce interval for the
data on which the overall mean is based. The results are shown with error bars that
represent either standard errors of the mean in case of multiple determinations or re-
ported uncertainties of single values. Furthermore, an evaluation of the laboratory
scores is shown. The results are reported in detail in Nielsen (1996).
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Table 1. Summary of combined z-scores for Cs-137 results showing rescaled sum of scores (RSZ),
sum of squares of z-scores (SSZ) and the corresponding levels of statistical significance.

Res. No. | RSZ | Sign | SSZ | Sign | Res. No. | RSZ | Sign | SSZ Sign
1 1.9 | ns 56 | ns 13 33 % | 107
2 01| ns 0.3 ns i4 19| ns | 3.8 ns
3 =5.1 | ®kk | 287 | wex 15 18| ns | 38 | ns
4 24| ** | 58 | ns 16 0414 ns | 7.3 ns
5 16 | ns 2.7 ns 17 03| ns | 4.5 ns
6 0.1{ ns | 0.0 ns 18 «1.7) ns | 3.0 ns
7 -12| ns | 8.2 * 19 10.0 | *+* | 125,11 ***
8 4.8 | xx ] 032 | s 20 07 ns | 1.0 | ns
9 =85 | *¥k | 844 | wex 21 3.7 | ¥¥% | 16.4 | *++*
10 -1.1] ns 14 | ns 22 33| R¥x 118 N
11 05| ns | 0.8 ns 23 2.1 * 44 ns
12 13.4 | *** | 285,90 *+*
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The statistical tests in Table 1 show that 12 of the 23 data sets received on Cs-137
agree within 5% of the two overall mean values and that 9 of the data sets disagree
significantly.

Pu-239,240
The statistical tests show that 5 of the 8 data sets received on Pu-239,240 agree within
10% of the two overall mean values and that one of the data sets disagrees signifi-

cantly.
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The statistical tests show that 3 of the 12 data sets received on Ra-226 agree within
10% of the two overall mean values and that 5 of the data sets disagree significantly.
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The statistical tests show that 6 of the 12 data sets received on Th-232 agree within
10% of the two overall mean values and that 5 of the data sets disagree significantly.

K-40
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The statistical tests show that 16 of the 20 data sets received on K-40 agree within
10% of the two overall mean values and that 4 of the data sets disagree significantly.

Radionuclides combined

The overall analytical performance for Cs-137, Cs-134, Co-60, Pu-239,240, Pu-238,
Ra-226, Th-232 and K-40 of each participant may be evaluated from the data in Table
2. The statistical tests show that 4 of the 23 data sets agree within target standard de-
viations of the overall mean values and that 14 of the data sets disagree significantly. It
should be noted, however, that the number of results submitted by the participants vary
considerably, from 2 to 14.
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Table 2. Summary of combined z-scores for Cs-137, Cs-134, Co-60, Pu-239,240, Pu-238, Ra-226,
Th-232 and K-40 showing rescaled sum of scores (RSZ), sum of squares of z-scores (SSZ) and the cor-
responding levels of statistical significance. The number of z-scores combined is given as n.

Res. No. | n [RSZ | Sign. | SSZ | Sign.| Res. No. | n | RSZ | Sign. | SSZ | Sign.
1 8|23 * 28.8 | ¥*+ 13 9i-24] * 25,1 | *=*
2 21<01} mns 0.3 ns 14 4 1-08} ns 13.0 *
3 11]-32 ] ** | 502 | #*+* 15 B [258] *** | 30447 | ***
4 4120 * 60 | ns 16 8 03] ns 41.8 | ¥¥*
5 9129} ** | 185 ] ns 17 10| 0.8 | ns 3.8 ns
6 6| 4.7 | **¥* [ 111.0| %+ 18 13} 0.2 ns 16.0 ns
7 8|-14| ns | 210 * 19 81 6.2 | *¥F*F | 1533 | **x
8 G| 6.5 ] ¥k | 500 | 20 5 [13.7] *** | 82].6 | *+
9 2 | -85 ] *¥** | 844 | wxx 21 T 32 * 23.9 | **
10 2-1.1] ns 14 ns 22 141 -3.2 | ** 26.1
11 81-23| * 9.1 118 23 6 [-06}| ms 15.0
12 81 9.7 | v 14160 #*+

CONCLUSIONS

An intercomparison exercise has been carried out under the EKO-1 project of the
Nordic Safety Research Programme (NKS) for the period 1996-97. The exercise has
dealt with the analysis of artificial and natural radionuclides in two sediment samples,
one from the Baltic Sea and one from the Kattegat. The measurement techniques have
included direct gamma-ray spectrometry with Ge and Nal detectors, and radiochemical
procedures followed by beta counting and alpha spectrometry. The participants have
comprised 21 laboratories of which 14 are from the Nordic countries, 6 from the Baltic
republics and one from Japan.

Results were submitted for a large number of radionuclides comprising Cs-137,
Cs-134, Co-60, Sb-125, Pu-239,240, Pu-238, Am-241, Sr-90, Ra-226, Th-232 and K-
40, Pb-210, Po-210 and U-235. The analytical performance of the participants has
been evaluated for those radionuclides where six or more data ssts were received.
Statistical tests were made to see if individual results agreed with overall average radi-
onuclide concentrations in the two sediment materials within target standard devia-
tions. The results of these tests are summarised in Table 3 which shows the radionu-
clides, the selected target standard deviations, the number of data sets submitted and
the number of data sets which disagree significantly with the overall mean values.

It is noteworthy that with the exception of Co-60 the performance criteria are
not met in about 20-40% of the data sets for the relatively straight forward gamma-
spectrometric analyses of Cs-137, Cs-134, Ra-226, Th-232 and K-40. For the more
complicated radiochemical analyses of plutonium isotopes only 13% of the data sets do
not meet the performance criteria. The test of the overall analytical performance
shows that 61% of the data sets do not meet the combined performance criteria. This
shows that there is room for considerable improvement of analytical quality for most of
the laboratories that have participated in this intercomparison. '

The intercomparison exercise has furthermore demonstrated several elementary
problems in analytical work such as interchange of samples, mistakes in calculations
and correction of background levels. High-quality analytical pe:formance requires
careful and dedicated staff using well-established laboratory procedures and frequent
participation in international intercomparison exercises.
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Table 3. Summary of analvtical performance across all data sets.

Nuclide Target standard deviation | Number of data sets | Number of data sets that
(%) disagrze significantly with
performance criteria
Cs-137 5 23 9 (39%)
Cs-134 20 6 2 (33%)
Co-60 15 6 0 (0%)
Pu-239,240 10 8 1 (13%)
Pu-238 20 8 1 (13%)
Ra-226 10 12 5 (42%)
Th-232 10 12 5 (42%)
K-40 10 20 4 (20%)
Nuclides combined 23 14 (61%)
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Abstract. The major scientific expeditions to the Antarctic and the Arctic, such as the
Swedish Arctic Expedition (YMER-80), Swedish Antarctic Research Expedition
(SWEDARP 88/89), Swedish Arctic Expedition (SWEDARCTIC-91 actually a
Swedish-German-USA collaboration), the Swedish-Russian Tundra Expedition
(TUNDRA-9%4) covered areas in the North and South Atlantic from 90° N to 72° S and
in the Arctic Ocean from 15°W to 160°E.

During these expeditions, in particular, surface water was collected at sampling
stations and during steaming from Sweden to the Antarctic and the Arctic and analysed
for radiocaesium and plutonium. In combination with data published from other major
expeditions such as for example the GEQSECS expedition 72/73 the distribution of
radionuclides in time over 22 years and space can be assessed.

Data show that radiocaesium from nuclear detonation tests carried out in the
late 1950's and the early 1960's shows a long residence time in surface waters in the
North and South Atlantic. The half-life, corrected for physical decay is in the order of
100 years while plutonium has a half-life of 7-8 years.

Results from the central Arctic ocean and continental shelf along the European-
Siberian tundra show that radiocaesium from FEuropean reprocessing plants is
transported east wards along the coast to the Laptev Sea and then advected into the
central Arctic ocean with the so called Trans Polar Drift. It has beeen shown from
previous expeditions that the origin of plutonium in the Arctic Sea is mainly from
nuclear tests, only 5-10% for ®?2*Py but 20-40% for 2*Pu and **'Pu. The work also
comprises transfer of radiocaesium in the Antarctic and Arctic food chains.
Concentration factors are generally higher in the Antarctic than the Arctic.

INTRODUCTION

On a global bases nuclear test fallout constitutes still the most important source
for contamination of the oceans with respect to radiocaesium and plutonium although
from radiological point of view natural radionuclides such as **°Po is more important.
Locally other sources such as releases from nuclear reprocessing plants and the
Chernobyl accident are more significant. Most of this activity is present in the oceans
may be with the exemption for the Chernobyl accident.
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Radionuclides are subject to a number of processes influencing their
concentration in sea water including horizontal and vertical advection of large water
masses, turbulent diffusion i sediments, reversible/irreversible scavenging by suspended
particles etc. The knowledge of source terms and the physical decay of radionuclides
provide an excellent tool for tracerstudies in time and space. Furthermore long-term
studies of low activities in the oceans are necessary for predictions and dose
assessment following eventual major accidents/releases. This paper describes the
general latitudinal global of plutonium and radiocaesium in the South and North
Atlantic from the North Pole to the Antarctic and the longitudinal distribution along
the European -Siberian coast following releases from major sources

MATERIALS AND METHODS

Results are available from several important scientific expeditions such as
YMER-80 to the Barents and Greenland seas, SWEDARP 1988/89 to the Antarctic
Peninsula area, SWEDARCTIC 1991 to the North Pole, and the Swedish-Russian
expedition 1994 along the coast of the European-Russian Tundra. The areas covered
by these expeditions are shown in Fig. 1-4.

At the previous conference, 1991 at Norwich (1) results from the expeditions
performed before 1991 were put in the perspective of the GEOSECS expedition
1972/73 .to the North and South Atlantic and the Polish expedition 1977/78 to the
Antarctic Peninsula area. The results from these expeditions showed an astonishing
agreement of the latitudinal distribution of plutonium and “’Cs after correction for
physical decay.

During the expeditions surface water was generally obtained by direct
continuos supply to a laboratory container. Water profiles were either collected by
large volume bottles or in shallow waters, such as during the Tundra expedition,
pumped from a hose submersed to the desired depth. Radiocaesium was precipitated
on copper-ferrocyanide from 200 | water samples using **Cs as radiochemical yield
determinant. The samples were analysed by HPGe gamma spectrometry for 2 days in
60 or 180 ml calibrated geometry. Actinides were preconcentrated on board from 200 1
samples by precipitation with sodium hydroxide, at pH 9-10, after acidification,
reduction with sodiumdisulfite and equilibration of the radiochemical yield determinant
%#2py For the assessment of the **Cs/**’Cs activity ratio large volumes, 1000 1, or
more, were pumped through cotton wound cartridge filters impregnated with
copperferrocyanide. Sediment samples were collected with a HAPS- or boxcorer
during the Tundra expedition or regarding the central Arctic ocean collected by box
corers or muliticorer devices and obtained from other research groups participating in
expeditions not mentioned above. Plutonium was separated by radiochemical methods
described previously (2) and analysed for 7-10 days by solid state alpha spectrometry.
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RESULTS AND DISCUSSION
Radiocaesium.

Latitudinal distribution,

Caesium-137 is present today in various concentrations in surface sea water,
from a few tenth of Bq m™ such as in the Antarctic area to 100 Bq m™ such as in the
Baltic sea following the Chernobyl accident or even higher locally close to nuclear
facilities. Levels of "**Cs are in the order of 3% of those for ’Cs if water masses are
mainly contaminated from the Chernoby! accident (1986) and in the order of 0.3% if
contaminated through the major period of releases (1974-1979) from European
reprocessing facilities {(mainly Sellafield).

Fig. 5 shows the latitudinal distribution of 'Cs in surface water from the
Antarctic Peninsula area to the North Pole. These data were obtained through the
Swedish Expedition to the Antarctic 1988/83(SWEDARP 88/89) and the Swedish
expedition to the Arctic and the North Pole 1991(SWEDARCTIC 1991). Activity
concentrations are not decay corrected (about 5% in 2.5 years) since the two
expeditions cover areas mainly contaminated from different sources during different
periods.

Below 30 °S concentrations are low and in the order of 0.5 Bq m™.
Significantly higher concentrations were found at 45 °N, which is difficult to explain
but also ““Co was detected in these samples. From 30°S to 25°N activity
concentrations are significantly higher; around 2 Bq m”. With a lot of good will one
can say that there is an increase in activity concentrations, to 2.5 Bq m™, between 30°S
and 20°S which someone could interpret as a result of nuclear tests in the Pacific at
these latitudes, but many other distribution processes might play a role. The effective
ecological half life of radiocaesium in the North and South Atlantic was estimated to
be as long as 100 years since the surface water is exchanged with water which is also
contaminated.

North of 20°N activity concentrations are about 3 Bq m” if they are not
influenced from European reprocessing facilities or the Chernobyl accident. Above 45
°N concentrations are very variable in the North and Norwegian Seas and activity
concentrations vary with distance to sources {(European reprocessing facilities) and
distance from the coast. It has been shown that the activity is transported by the Gulf
Stream and there is a very sharp gradient in activity concentrations of radiocaesium
with distance from the Norwegian coast due to the coriolis force(3).

We have been collecting surface sea water samples during steaming along the
Norwegian coast to and from the Arctic during the expeditions and data are shown in
Fig. 6. In 1980 activity concentrations along the Norwegian coast reflect the releases
from the Sellafield nuclear fuel reprocessing plant where the releases were the highest
during 1974-1979 (annual discharges 3000-5000 TBq). The transit time from Sellafield
to west Norway has been estimated to 3-4 years and the travelling time along the coast
of Norway about 1 year(3,4). This resulted in activity concentrations of about 100 -
200 Bq m” or about twice as high as those in the Baltic Sea following the Chernobyl
accident. The activity concentration decreased very little along the coast, less than a
factor 2(5).
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Further north the ®Cs concentration C(x) varied with distance(x) from 70 °N
for locations east of Svalbard according to the equation

C(x) = 141.exp(-000122 x)

(half distance 568 km)

and west of Svalbard according to.
C(x) = 148.exp(-0.00164 x)

(half distance 423 km)

This means that more radiocaesium went to the east than to the west of Svalbard.

As a result of the decrease in releases from the European reprocessing facilities
activity concentrations along the Norwegian coast were only 10-30 Bq m~ in 1991,
The decrease would have been even more significant without the Chernoby! accident.
There is an annual outflow of **’Cs from the Baltic Sea to the North sea of about 50-
60 TBq. The total nuclear test fallout of 137Cs in the North Atlantic is estimated to 76
000 TBq and the releases from European reprocessing facilities (decay-corrected) 29
000 TBq(4). These sources are much smaller today. Fallout from nuclear test is

~ * almost negligible and releases from reprocessing plants have been reduced in such a

way that outflow from the Baltic Sea today constitutes the most significant source for
radiocaesium along the Norwegian coast and further into the Arctic.

It can be observed that activity concentrations of *'Cs were higher in the
central Arctic ocean than in the region between Norway and Svalbard. The highest
concentrations were found around the North Pole, 14-19 Bq m>, between longitudes
50-180 °E and 0-15 °E but lower along the 0 meridian and 10-20 "W. The activity
ratios **Cs/"*’Cs (0.003-0-006) and the physical half-life of ‘Cs (Ty; =2.4 years)
indicate that the origin of radiocaesium is mainly the Sellafield pulse 1974-1979 (ratio
about 0.2). This means that it has taken about 14 years for radiocaesium from this
source to reach this area.

In 1994 the 'Cs activity concentrations along the Norwegian coast were quite
similar to those in 1991. This means that present levels of radiocaesium are maintained
by the outflow of Chernobyl related activity from the Baltic Sea.

Longitudinal distribution.

The distribution along the coast of the European Siberian Tundra is shown in
Fig. 7. One could expect that run-off from the tundra is effective and the large rivers
drain enormous areas which would result in a significant transfer of fallout deposited
radionuclides to the Arctic ocean. West of 150 °E concentrations of radiocaesium are
quite constant, 6-11 Bq m” while levels in the East Siberian Sea are in the order of 1-3
Bq m™ where *Cs is absent which indicate that the only source is nuclear test fallout.
The activity ratio **Cs/**’Cs west of 150 °E was about 0.015 indicating that about
30% of *'Cs in these regions originated from the Chernoby! accident. A third source,
tentatively European reprocessing facilities, is also present. The effects are even more
pronounced when observing the bottom water, which is less influenced from the river
water. The lower salinity coastal river water carries lower concentrations
radiocaesium while the opposite is the case for Norwegian Coastal Current,
Norwegian Sea and the Barents Sea (4) where coastal and Baltic water are
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contaminated from the Chernobyl accident. Radionuclides are not accumulated at the
continental shelf of the European- Siberian Tundra coast but washed off and advected
together with the continental shelf water from the Laptev Sea along the Lomosov
Ridge with the Transpolar Drift to the central Arctic towards Fram Strait.

Plutonium

Latitudinal distribution

Plutonium-239+240 is present in seawater from about less than 1 mBq m” to a
few hundred mBq m™. A significant difference to radiocaesium is that caesium behaves
rather conservatively in most waterbodies while plutonium is particle reactive and
redox sensitive. This means that geochemical concentration processes of plutonium can
take place. On the other hand plutonium in not concentrated in food chains like
caesium.

Fig. 8. shows the distribution of plutonium in surface water from the North
Pole to the Antarctic Peninsula Area obtained through the Swedish expedition to the
Antarcic1988/89 and the Swedish Arctic Expedition 199]1. As for radioceasium
different symbols have been used for the two expeditions and decay correction would
here in any case not be necessary due to the long physical half-life of the plutonium
isotopes (5 670 years and 24 100 years respectively).

In the latitude band 0°S-60°S activity concentrations are about 1.5 mBq m™
while concentrations suprisingly are higher, about 2 mBq m”, below the Antarctic
convergence zone, There is no evidence of increased concentrations at latitudes where
the pacific nuclear tests were performed but the relatively short residence time of
plutonium in surface water would in any case have erased such signals. In the latitude
band 5-25 °N we find concentrations about 3 mBq m” and at 25-50 °N around 8 mBq
m™. Along the Norwegian coast from 60°N - 75°N activity concentrations of plutonium
are decreasing while in the central Arctic ocean we find among the highest
concentrations of 2**2*°Pu. This is rather unexpected since it has been shown that only
a fraction (4%) of plutonium released from the Sellafield nuclear fuel reprocessing
plant is present as soluble Pu and the remainder is deposited relatively close to the
source (6). Results from the YMER-80 expedition showed that in 1980, 5-10% of
239+2400py;  26-49% of Z*Pu and 19-45% of *'Pu and in the Barents and Greenland
Seas originated from European reprocessing facilities (7). Again in 1991 as for
radiocaesium we find the highest concentrations around the North Pole between
longitudes 0-15 °E, 9-16 mBq m”, while concentrations are lower between longitudes
50-80, 3-11 mBq m™ where we actually found the highest *’Cs concentrations. In Fig,
9 the distributions of plutonium in 1980 and 1991 along the Norwegian coast and in
the Arctic Sea are compared. The mean activity concentrations decreased from 13 +/-2
mBq m”> (n=48, 2 S.E.) to 8.4 +/-1.2 (n=38, 2 S.E.) which gives an effective apparent
ecological half-life of 17 years or twice as high as for other parts of the North and
South Atlantic.

There are several possible explanations for these results. The major pulse from
the Sellafield reprocessing plants, 1974-1979, reached the central Arctic Ocean 10
years later and the fraction of the total plutonium from this source increased compared
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to the figures above. On the other hand already in 1980 plutonium concentrations were
much higher than expected above 75 °N and the isotopic composition indicated mainly
that nuclear test fallout was the major source. A difference in source term behaviour
might be possible, but the distribution of plutonium on suspended matter was not
different for ***Pu and *'Pu compared to 2*****Pu. The activity ratio #3pu/>**py in
releases from nuclear fuel reprocessing plants is in the order of 0.28 compared to
0.026 in fresh fallout. The corresponding figure for the activity ratio 241py /29240y are
30 and 16 respectively. A more spectacular explanation is that during the former
USSR tests at Novaya Zemlya they looked for that the wind was heading north. In this
way activity contaminated Franz Josef land and its glaciers and constitute a continuos
source to the Arctic Sea for plutonium and other radioisotopes. Another explanation is
that plutonium behaves differently in the polar ice covered regions. The fraction of .
plutonium associated with suspended material was in 1980 in Barents and Greenland
Seas 30+/- 8 % which is higher compared to other regions of the South and North
Atlantic in 1989/90 except for around 30 °S and south of 60 °S in the Weddell Sea and
the Antarctic Peninsula area. (Fig. 10). A higher fraction associated with suspended
matter would actually normally decrease the residence time. These observations were
“done during the summer months and for the rest of the year the situation might be
different. The composition of suspended material is certainly also different compared
to' other parts of the Atlantic. The more or less permanent ice cover, melting and
freezing processes might also change the behaviour of plutonium and other
radionuclides (oxidation state etc, prevention of vertical mixing etc.). Radiocaesium
and radiostrontium would be expected to freeze out from the ice, but for particle
reactive elements, in this particular environment, the behaviour is difficult to predict at
this stage.

A closer look at the behaviour of plutonium compared to caesium in the South
and North Atlantic is done by forming the Pu/Cs ratio (Fig. 11). Nuclear test fallout is
the major source and the integrated ratio in 1989 is also indicated in the Figure. The
figure shows the scavenging of plutonium relative to caesium which results in a shorter
residence time for plutonium. The lowest Pu/Cs ratios are found around 30 °S indicate
relatively higher scavenging of plutonium in this region, and the highest ratios are
found in the Antarctic area indicating recirculation of organic material. The
corresponding ratio for 1980 and 1991 in the Arctic Ocean were not plotted but were
about (0.5-1)x107 and (0.5-1.5)x10" respectively which is the same as for the
Antarctic area. This is similar to other areas of the North Atlantic where fallout is the
major source of contamination but is much higher than expected since Sellafield is the
major source and the ratio should decrease with distance. The Pu/Cs ratio would be in
the order of 0.2x107 if plutonium had behaved as expected. This suggests a significant
different behaviour of plutonium and possibly other actinides in the polar regions
which should be investigated further.

CONCLUSIONS

The shorter effective ecological residence time of plutonium (8 years)
compared to radiocaesium (100 years) can be demonstrated in the North and South
Atlantic. The Pu/Cs ratios in surface waters are therefore well below integrated fallout
ratios. The ratios are enhanced as are the fractions on suspended matter of plutonium
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in the polar regions. The residence time of plutonium in the upper mixed layer is at
least twice as high in the Arctic and possibly also in the Antarctic area as in other areas
of the South and North Atlantic. This suggests a different behaviour of particle
reactive and/or redox-sensitive elements in these region by influence of ice formation
and/or the strong seasonal variation.

The releases of *’Cs from the Sellafield reprocessing plant in 1974-1979 have
now reached the central Arctic Ocean while Chernobyl related radiocaesium could in
1994 be found along the European- Siberian Tundra coast up to the Laptev Sea from
where will be advected together with shelfwater into the central Arctic ocean with the
Transpolar Drift. Plutonium has mainly nuclear test fallout as origin and is distributed
differently compared to radiocaesium in the central Arctic Ocean. Outflow from the
Baltic Sea into the North Sea is transported by the Norwegian current and constitutes
today a major source for input of radiocaesium into the Arctic
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Figure captions.

Fig. 1. Cruising and sampling route for the expedition to the Barents and Greenland
Seas, YMER-80, 1980,

Fig. 2. Areas covered by the Swedish Antarctic Research Expedition, SWEDARP,
1988/89.

Fig. 3. Cruising and sampling route for the Expedition to the North Pole,
SWEDARCTIC-1991.

Fig. 4. Sampling stations along the coast of the European-Siberian Tundra during the
Swedish-Russian Tundra Expedition, 1994.

Fig.5. Activity concentration of ’Cs in surface water as a function of latitude from
Sweden to the Antarctic Peninsula Area, 1988/89 (SWEDARP) and from Sweden to
the North Pole, 1991, (SWEDARCTIC).

Fig. 6. Activity concentrations of *’Cs in surface water along the Norwegian coast to
the Arctic in 1980 (YMER-80), 1991 (SWEDARCTIC-91) and 1994 (TUNDRA-94),

Fig. 7. Concentrations of “’Cs in surface water in 1994 as a function of longitude
along the continental shelf of the European-Siberian Tundra (TUNDRA-94).

Fig. 8. Activity concentration of plutonium in surface water from Sweden to the
Antarctic Peninsula Area and from Sweden to the North Pole in 1988/89 (SWEDARP)
and 1991 (SWEDARCTIC) respectively

Fig. 9. Activity concentration of **?*Py along the Norwegian coast and in the Arctic
in 1980 (YMER-80) and 1991 (SWEDARCTIC),

Fig. 10. Fraction of plutonium associated with suspended matter as a function of
latitude from Sweden to the Antarctic Peninsula Area in 1991 (SWEDARP).

Fig. 11. The activity ratio 2****Pu/*Cs as a function of latitude from Sweden to the
Antarctic Peninsula Area in 1991 (SWEDARP).
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Fig. 1. Cruising and sampling route for the expedition to the Barents and Greenland
Seas, YMER-80, 1980,

Fig. 2. Areas covered by the Swedish Antarctic Research Expedition, SWEDARP,
1988/89. 122



Fig. 3. Cruising and sampling route for the Expedition to the North Pole,
SWEDARCTIC-1991.
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Fig. 4. Sampling stations along the coast of the European-Siberian Tundra during the
Swedish-Russian Tundra Expedition, 1994,
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Fig.5. Activity concentration of '*’Cs in surface water as a function of latitude from
Sweden to the Antarctic Peninsula Area, 1988/89 (SWEDARP) and from Sweden to
the North Pole, 1991, (SWEDARCTIC).
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Fig. 6. Activity concentrations of '*'Cs in surface water along the Norwegian coast to
the Arctic in 1980 (YMER-80), 1991 (SWEDARCTIC-91) and 1994 (TUNDRA-94).
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Fig. 7. Concentrations of ’Cs in surface water in 1994 as a function of longitude
along the continental shelf of the European-Siberian Tundra (TUNDRA-94).
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The mobility and transfer of a radionuclide varies between sites and with time after deposition.
Long-term changes in transfer factors in terrestrial ecosystems usually reflect changes in the
speciation or distribution of radionuclides in soils. In soils, the mobility of a radionuclide is
influenced by three main factors: 1) the initial physico-chemical form of the fallout; 2)
transformation processes which change the original distribution of species; and 3) the
radionuclide's subsequent reactivity with soil components. The reactivity of any element with soil
components is a function of its reaction strength, rate and reversibility. Therefore, information on
radionuclide speciation, the kinetics of transformation processes and soil-radionuclide
interactions, together with the effect of environmental parameters is important for understanding
variations between different sites.

This paper presents some studies on the mobility of radionuclides in environmentally (Weapons'
fallout, Chemnobyl) and experimentally (34Cs and 8°Sr tracer) contaminated soils. Particular
attention being paid to the influence of Cs and Sr mobility in soils on the transfer of radionuclides
in Nordic soil-veg-lamb food chains. The main methods used include sequential extraction,
dynamic tracer experiments and analysis of stable Cs and Sr distribution.

The results confirm the importance of the three factors in determining radionuclide mobility.

Chemobyl contaminated soils are often associated with low mobility of *Sr due to the presence
of fuel particles, and studies on Ukrainian soils indicate that transformation processes leading to
particle weathering are dependent on particle composition well as environmental parameters (e.g.
pH). Laboratory tracer studies on soils collected from various Nordic sites, show that ionic Cs
and Sr are rapidly bound to soils: Sr remaining in exchangeable forms, but Cs becoming strongly
fixed to soil components. Fixation of 137Cs in soils seems to be the predominant process leading
to reduction in soil-vegetation transfer factors. Soil chemistry and mineralogy clearly influences
radionuclide mobility between the different sites. Analysis of stable Cs distribution shows that
transfer factors at steady state vary between the different sites. Hence environmental differences
and 137Cs contact time rather than differences in fallout speciation probably account for the
anomalies between Nordic sites. Finally the significance of soil ingestion on calculated veg-lamb
transfer factors has been investigated using a recently developed, sensitive method using NAA
analysis of Sc faeces.
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The role of fungi in the transfer of '*’Cs from forest to man

Karl J. Johanson
Department of Radioecology. Swedish University of Agricultural Sciences, P.O. Box
7031, S-750 07 Uppsala, Sweden

Abstract

The mushroom-picking habit was investigated in Avesta commune in central Sweden. In 1995, the
three most common picked species were Cantarellus tubaeformis, (.35 kg, C. cibarius, 0.17 kg, Boletus
edulis, 0.04 kg and 0.19 kg of various species. By using transfer factors (TF,) for these species the
potential annual transfer to an average person in Avesta commune was calculated to be 263, 168, 56 and
152 Bq, respectively. In a normal mushroom year, the corresponding potential transfer is higher or about
1248 Bq. Additionally, quite a large part of the **’Cs transferred by game animals to man is due to
intake of mushrooms by roe deer and moose.

Introduction

In the forest ecosystems, fungi have a very important role both in the transfer of *’Cs
from soil to fruitbodies of fungi and to plants and further to game animals. A direct
pathway to man is when people pick and eat mushrooms. The "*’Cs transfer this way can
be quite high due to the high "’Cs activity concentrations in many fungal species.
Another pathway is by game animals since particularly roe deer eat quite large quantities
of mushrooms, resulting in high levels of "*’Cs in game meat during certain periods.
Furthermore, the mycelium of fungi may be the most important part in the soil
responsible for the high uptake of '*’Cs, not only to fruitbodies of fungi but also to most
~of the plants in the forest ecosystem. An important role of the mycelium of mycorrhizal
fungi in the soil is to take up mineral nutrients and deliver them to vascular plants in the
formation of mycorrhizae.

Materials and Methods

Questionnaire

In 1995, a questionnaire was sent to 1000 families in Avesta commune in the central part
of Sweden asking about their mushroom-picking habits. This questionnaire was
answered by 52 % of the families. Based on the answers of the first questionary, a
second was sent to those families who answered that they were picking mushrooms at
least tvice a year. They were asked to answer in more detail how much of various species
of mushrooms they collected in 1995 (a bad mushroom year) and to try to estimate how
much they picked in a normal mushroom year.

Garmne animals

Results of the *’Cs activity concentrations in moose were obtained from Harbo-Nora-
Ostervdla hunting organisation. Each year, between 190 and 275 muscle samples of
harvested moose were collected. In 1992 and 1993, 199 respectively, 178 muscle
samples of harvested roe deer were obtained from the local hunters in Harbo. For both
moose and roe deer samples the **’Cs activity concentrations were determined using high
purity Ge detectors. Botanical analysis of moose (Johanson et al. 1994) and roe deer
rumen content were performed in two other studies. Information on ’Cs activity
concentrations in various species of mushroom and vascular plants were also obtained
from other studies.
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Results and discussion

Of the families who answered the first questionnaire (52 %) a total of 59 % picked
mushrooms more than twice per year and to them we sent a second questionnaire. The
results of this questionnaire showed that the three most frequent species in the
mushroom basket were Cantharellus tubaeformis, Cantharellus cibarius and Boletus
edulis, totally 0.56 kg fw. Additionally, 0.19 kg of other species were picked in 1995.

Previously we had determined the TF for C. tubaeformis to be 0.94 m? kg-1 dw, 0.39
for C. cibarius and 0.28 for B. edulis. The T‘Fg for the other species was usually higher
and we used 1.0, From these values and the mean ground deposition in Avesta commune
- 10,000 Bq m2 - the '*’Cs levels in the various mushroom species could be estimated.
For C. tubaeformis it was 752 Bq kg~! fw, 312 for C. cibarius, and 224 for B. edulis. For
the other species, the mean level was 800 Bq kg~ 1

Table 1. The consumption (kg fw y‘1 per person) and transfer factors (TFg) of the three
most important species of fungi and the calculated potential transfer of % (BqyD

Species Consumption (kg fw) '1"1:,Il transfer to man
1995 normal year mZ kg-ldw  Bq per capita
1995 normal year

C. tubaeformis 0.35 0.84 0.94 263 632
C. cibarius 0.17 0.54 0.39 53 168
B. edulis 0.04 0.25 0.28 9 56
Other species 0.19 0.49 1.0 152 392

Combining these values with the consumption data the estimated potential transfer of
137Cs to each person in 1995 was 263 Bq for C. tubaeformis, 53 Bq for C. cibarius, 9 Bq
for B. edulis and 152 Bq for other species. Altogether, the estimated potential transfer to
the average person was 477 Bq in 1995 and 1248 in a normal year, corresponding to 6.0
uSv in 1995 and 16 pSv a normal year, Assuming that Avesta commune is representative
of all Sweden, the potential collective dose in Sweden was 48 manSv in 1995 and 128 in
a normal year. The mean ground deposition of 1¥7Cs in Avesta commune is similar to that
in all Sweden and the location being rather central in Sweden with a mixture of arable
and forested land. In Avesta commune, there seem to be no countermeasures such as
decreasing the picking of mushrooms compared with before the Chernobyl accident.
However, the extrapolation should only be seen as a rough estimation of the potential
collective dose. It is also important to realise that some ">’Cs activity will be lost in the
preparation and cooking processes.

Roe deer

The *'Cs levels in roe deer show a very marked seasonal variation with peak levels
during the mushroom season in August to October (Karlén et al. 1991, Johanson 1994).
During this period, often 20 to 30 % of the roe deer rumen content is found to be
mushrooms so it is quite clear that roe deer consume large quantities of them.
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In 1992 and 1993, the mean a%gregated transfer factor, Tag, for roe deer during August
to October was 0.093 m2 kg~ and 0.027 during the rest of the year. Assuming that our
research area is representative for Sweden with a mean ground deposition of 10,000 Bq
m?, the mean roe deer in Sweden has a “*’Cs level of 930 Bq per kg in August to
October and during the other parts of the year 270. The annual harvest of roe deer in
Sweden is about 300,000 animals and, assuming a mean meat weight of 10 kg per roe
deer, the annual meat production is 3 million kg. About one-third of the harvested roe
deer, corresponding to one million kg of meat, is harvested during August to October
which will give a total potential transfer of 930 MBq. Of this 270 Mbq is due to intake of
“normal” fodder and the rest, 660 MBq, due to "*’Cs coming from mushrooms. During
the rest of the year, 2 million kg meat transfer potentially 540 MBq to man by roe deer.
This will mean that the mushrooms were vector for 660 MBq corresponding to a
potential collective dose of 8 manSv, and other vascular plants for 810 MBg
corresponding to a potential collective dose of 10 manSv. The mean *’Cs level in roe
deer living in the Harbo area might be higher than the mean level in all Sweden since the
major part of the roe deer population in Sweden was in the southern part of Sweden and
probably on richer biotopes than found in Harbo.
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Figure 1. The seasonal variation of "*’Cs levels in roe deer.

Moose

The mean *'Cs level in moose harvested in our research area during the period 1986 to
1993 was 750 Bq per kg and the ground deposition about 37,500 Bq m? given an
aggregated transfer factor of 0.02 (Johanson & Bergstrém, 1994, Johanson, 1994). In
1994, there was a small decrease in the "’Cs levels in moose and in 1995 a more
pronounced decrease to about 450 Bq per kg or 40 % of the mean value of the period
1986 to 1993. In the moose rumen rather small amounts of mushrooms can be found
(Johanson et al. 1994), probably due to the fact that most harvested moose had been
ruminating the rumen content before they were shot. The decrease in 1995, however,
strongly indicates that moose eat larger quantities of mushroom than found by botanical
analysis of rumen content when they become available. In some years mushrooms appear
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in August but more frequently in September. In 1995, we found less than 10 % of
fruitbodies of fungi in our research area compared with 1994. The Y7Cs levels in moose
during the hunting period starting in October are mainly dependent on the intake of B7Cs
during September.
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Figure 2. The mean 'Cs levels in moose harvested by the Harbo-Nora-Ostervdla
hunting organisation during 1986 to 1995.

The annual harvest of moose in Sweden has been about 100,000 and the mean moose
carcass weight is 135 kg or about 100 kg meat. The annual production of moose meat in
Sweden is thus 10 million kg. The aggregated transfer factor for moose seems to be
about 0.02, at least in central parts of Sweden where the moose-hunting period starts in
October. The *’Cs levels in a mean Swedish October moose should thus be about 200
Bqg per kg and the total transfer of ¥1Cs to man by moose should thus be 2 GBq. Of this
roughly 40 % or 800 MBq is due to intake of mushrooms. This will correspond to 10
manSv due to mushrooms and 15 manSv due to vascular plants. Most moose are
"harvested in the northern part of Sweden and therefore our research area is probably
rather good model for all Sweden.

The most important pathways seem to be the direct picking and eating of mushrooms
although there is probably an upper limit, as given in this paper. Of the game animals,
moose is of course the most important since the total amount of meat is much higher for
moose than for roe deer. However, higher levels of '*’Cs are usually found in roe deer.
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Abstract - Piijanne, a large lake in central Finland covers about 1100 km®. The study area, Asikkalanselks, is
the southernmost, oligotrophic basin of the lake with an area of 52.8 km®, The basin is important as a raw water
source for the capital and environs and for freshwater fishing in Finland. The area received rather heavy
deposition of *’Cs from Chernobyl in 1986, about 64 000 Bg/m®. Deposition of Sr in the study area was about
420 Bg/m®. After deposition there was a rapid decrease in "*’Cs concentrations in the water of the lake. The
longer the time after deposition, the longer was the halftime of '*’Cs in water, being four-five years in 1996. A
slight increase due to runoff from the catchment on the concentrations of *°Sr in the near-surface water of the
Asikkalanselki basin was observed during the first years following deposition. In 1994, concentrations of '*'Cs
were slightly higher in near-bottom than in surface water, implying resuspension from sediment. The relative
distribution of '>'Cs between water, particles in water and sediment has changed gradually. Thus the fraction
transferred to bottom sediment increased until 1988, but remained almost the same or decreased somewhat after
that. For example, in 1994, 96% of 137Cs was in sediment and only 4% in water and seston, whereas in August
1986, 55% of the '*"Cs was in water, about 30% in sediment and the rest in particles in water, °Sr showed less
affinity for seston than '*'Cs. Gradual migration of the Chernobyl '*’Cs downwards in bottom sediment was
found. '*'Cs in non-predatory fish was at its highest in the year of the accident, 1986, but in predatory fish two
years later, when the average in pike was 4200 Bq/kg fresh weight. In fish as in water, the longer the time after
deposition, the longer was the halflife of '*’Cs , being in 1996, ten years after deposition, typically 3-7 years
depending on the species. In 1995 the values for pike varied from 300 to 600 Bg/kg. *°Sr was low, about 0.3
Bg/kg in pike and 0.6 Bg/kg in perch. The results confirm the distinct differences present in the long-term
behaviour of **Sr and '*’Cs in the aquatic ecosystem.

Introduction

Southernmost lake Péijanne is occupied by a large freshwater basin, Asikkalanselkd (Fig. 1). The
basin is oligotrophic and its area is 52.8 km®. It is the main source of household water for the
Helsinki metropolitan area. Like the whole water system, the Asikkalanselki basin is important
for recreational and professional fishing, and so for decades has been a target of research in
terms of general water quality issues and radioactivity. The considerable fallout of **Cs (T)= 2
years) and “'Cs (T, = 30 years) due to the Chernobyl accident in 1986, has allowed
comprehensive studies to be conducted using radiocaesium as a tracer. The behaviour of
gamma-emitting radionuclides and transuranic elements in water, particles in water and in
sediment was studied during 1987-1991 by the Institute of Radiochemistry and Paavo Ristola Oy
(1-8) and a sedimentation model was developed (9). The Finnish Centre for Radiation and
Nuclear Safety (STUK) has analysed water and fish from the area since 1986 (10-15) and
bottom sediment in 1988 and 1990 (16-17). A joint study between the laboratory of
radiochemistry of Helsinki University and the foodchain laboratory of STUK was launched in
1991 on the long-term behaviour not only of radiocaesium but also of *Sr (Ty, = 28 years),
which is known for having greater environmental mobility than radiocaesium. The study led to
the gradual production of a versatile, site-specific database for environmental and radiological
assessments that is also useful for radioecological modelling (18).

Sampling and analysis in Asikkalanselki in 1991-1996

Temporal changes in the distribution of ’Cs and *Sr between water, particles in water and
sediment together with changes in the vertical distribution of '¥’Cs in sediment and soil profiles
were investigated. Water samples were taken from depths of 1, 10, 20, 30, 40 and 50 m in 1994.
A sediment profile from sampling point A3 and soil samples from the catchment of the basin
were taken in 1994 to supplement earlier samples. Several fish species were sampled and



analysed for 13705 and ®Sr every year. Water samples from small rivers discharging to the lake
and soil samples from the catchment of the rivers were taken in 1995 and 1996. As well as the
collecting and analysis of new samples, many samples of different types from previous years, e.g.
of lake water, seston, lichen and fishes, were analysed for %S¢, The analytical methods used are
given in earlier reports.

—

Asikkolanselii

Fig. 1. Location of Lake Piijinne and the Asikkalanselkd basin in Finland. The area of the
lake is 1100 km? and that of Asikkalanselka 52.8 km”.

Results for *°Sr and ®’Cs

According to the areal distribution pattern of 137Cs deposition, determined by Arvela et al (19),
the Asikkalanselki basin is part of the area most heavily contaminated by Chernobyl deposition
in Finland. The average deposition of 137Cs in the surrounding municipalities ranged from 60 900
Bq/m® to 66 700 Bg/m®, determined by measurements of external gamma radiation. Depositions
of ¥7Cs and ®Sr in the study area were checked by analysing lichen from the catchment area of
the basin. The value for *’Cs is consistent with the average value reported by Arvela et al (19)
(Table I). Lichen samples of August 1986 describe the Chernobyl deposition of *°Sr rather well,
as the removal rate of *Sr from lichen is 4 - 5 years (20). The B7Cs/Sr ratio in deposition in
the study area in 1986 was about hundred times higher than that in the nuclear weapon test
fallout (Table I). Since the end of Aprl 1986, environmental “’Cs in the catchment has
originated mainly from Chernobyl fallout, whereas *Sr is dominated by nuclear weapons fallout
(Table I).

Table I. Estimated ®°Sr and *"Cs deposition (Bg/m?) in the Asikkalanselki catchment
calculated for 1.10. 1986.

Origin *Sr Bics BTCsSr

Nuclear weapons 1100 1790 14+£0.2

Chernobyl accident 425 64700 £ 3000 151
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Water. 'Cs in the water of Asikkalanselkd decreased quickly in 1986, when the halflife was
about 50 days (9). The halflife has gradually increased, being 4-5 years in 1996. The main
mechanism for *’Cs removal was by sinking with the suspended matter of water to the bottom
sediment. The increasing effect of runoff from the catchment is seen in concentrations of *Sr in
the surface water of Asitkalanselkd in 1989 and 1990 (Fig. 2).
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Fig. 2. 137Cs and *°Sr'in water of Asikkalanselki (Bg/1) in 1986 - 1996,

Concentrations of both *’Cs and **Sr were lower in the near-surface water than at greater
depths in August 1986. In 1994 "’Cs was clearly higher in near-bottom water than at the
surface, which means that “’Cs detected in the near-bottom water has been resuspended from
the sediment. Concentrations of **Sr in water were much lower than those of *’Cs, and *°Sr was
rather evenly distributed throughout the water column.

Seston. Concentrations of *’Cs in seston also decreased quickly after deposition (7). Although
low, in 1994 ""Cs concentrations both in water and in seston were higher near the bottom than
near the surface. As to the relative distribution of *’Cs between water and seston, *'Cs is now
almost totally in the water phase, with only a minor fraction being in particles. For example, in
August 1994, more than eight years after the deposition, 3-8% of *’Cs was in the particle
fraction (> 0.45 mm) at different depths. A clearly smaller fraction of *°Sr than of “'Cs was
incorporated in particles; only 0.03-0.7% at different depths in 1994 (Table II).

Table II. Distribution of *’Cs and *Sr in water and seston at different depths at sampling
station A3 in August 1994,

PlCs *Sr
Depth Water Seston Water Seston
m % % % %
1 96,8 3,2 99,97 0,03
20 941 5,9 89,5 0,5
50 91,9 8.1 99.3 0,7

Sediment. During six years ’Cs has migrated downwards 2 - 3 centimetres in bottom sediment
at a sampling point in Asikkalanselki (Fig. 3).

With reference to the relative distribution of *’Cs in water, seston and sediment, in August
1986, four months after deposition, 55% of *'Cs was in water, 29% in sediment and 16% in
seston (5). Thereafter, the fraction transferred to bottom sediment increased until 1988, but
remained almost the same or decreased somewhat after that. In 1994, 96% of *’Cs was in
sediment and only a minor fraction was in water (3.7 %) and seston (0.3 %) (Fig. 4).
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Fig. 3. Vertical distribution of 27Cs in sediment profiles at Asikkalanselkd sampling point
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Fig. 4. Relative distribution of *’Cs in the system water-seston-sediment at

Asikkalanselkd sampling point A3 in 1986 - 1994.

Fish.. ¥Cs in fish in Asikkalanselkd was at its highest in 1986, 1987 or 1988, depending on the
species (Fig.5). Concentrations were at a maximum in non-predatory fish as vendace, bream and
roach in 1986, and then started to decrease. The maxima in pike and other predatory fish were
not recorded until 1988, because these species obtain caesium along a longer pathway than the
other species. Variation in the "*’Cs contents of a species was large, even during a short period,
especially in other than nonpredatory fish, which showed the smallest variation.

%Sr also varied greatly in fishes, from 0.1 to 10 Bq/kg fresh weight (Fig. 6). It was highest in
perch and other small fish, partly at least owing to the higher proportion of bones in those
samples. The fish were cleaned and gutted as normally in the kitchen. P81 correlates with the
bone contents of the samples, because strontium, like calcium, is mainly transferred to the bone
tissue of fish.
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In the year of fresh fallout concentration ratios for "*’Cs from water to pike, perch and vendace
varied from 380 to 710 and increased remarkably in the following years (Table III).

Table I

Concentration ratios for *’Cs and *°Sr (Bq/kg in fish/ Bq/kg in water) for pike,
perch and vendace in Asikkalanselkd basin in 1986 - 1994 with corresponding

pre-Chernobyl values, calculated from reference (21),

1986 1987 1988-1994 1982
BT
Perch 710 3900 9400 £ 2400 4200
Pike 380 5200 11700 £ 3800 3700
Vendace 500 1600 2600 £ 1300 2600
#8r
Perch 590 320 650 + 200 60
Pike 30 20 30 7 10
Vendace 440 330 240+ 100 50




In 1988-1994 the figures for *’Cs were 2-3 times higher than the pre-Chernobyl values. Values
for *°Sr were almost the same before and after the Chernobyl fallout for pike, but for perch and
vendace post-Chernobyl values were one order of magnitude higher, possibly due to differences
in cleaning and gutting of the samples.

Conclusion

The results confirm the fundamental differences in the long-term behaviour of "Srand “'Csin
natural aquatic systems. The relative fractions of #8r released from the catchment area to the
water basin are higher than those of "*’Cs. Cs-137 is more closely associated with sediment than
is ®Sr, which therefore favours the liquid phase. The relative uptake of %Sr and "*’Cs by fish and
their contents in the edible fraction of fish differ essentially, reflecting the difference in the
metabolism of alkaline and alkaline earth elements, Cs and Sr. The dynamics of radionuclides
during the first weeks and months after deposition emphasize the importance of early
countermeasures against °'Cs in water in the event of an emergency. In extreme cases ° St
would cause long-term human exposure to internal radiation via fish and drinking water after
heavy fallout.
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SHEEP GRAZING AND RADIOCAESIUM, SOME EXTERNAL FACTORS

Jéhann Dbérsson!, Sigurdur Emil Palsson? and Elisabet D. Olafsdéttir?
lagricultural Research .Institute, Reykjavik
?Icelandic Radiation Protection Institute, Reykjavik

ABSTRACT

Iceland has been participating in NKS's lamb projects since 1990, when the RAD-3 project was
started, and later in the EKO-2 project. As both projects concentrate on nuclide transfer from soil
to grazing lambs, the Icelandic Radiation Protection Institute (IRPI) suggested collaboration with
the Agricultural Research Institute's (AGRI) Animal Nutrition Division. In 1994 50% of all meat
production was lamb meat, making it the main meat product in Icelandic Agriculture. The annual

lamb meat sale in that year was 27.2 kg capita™l, 46% of the total meat sale. It is thus clear that
lamb meat consumption must be considered as one of the main pathways for radionuclides into
the human foodchain.

One of the aims of the Icelandic study have been to collect data from as broad spectrum of land
types as possible. The RAD-3 project was carried out at two different locations, in highland
pasture, previously used for grazing research and at the experimental station Hestur on lowland
mire. The EKO-2 project is being conducted at the experimental station Stéra Armét on
uncultivated dry lowland pasture. Thereby it is assumed that a wide range of the land types, used
for sheep grazing, are covered.

AGRI has been responsible for providing animals and experimental sites, as well as monitoring of
animals (live weight, live weight gain), estimation of standing herbage (biomass) and part of the
sampling, as well as part of the sample preparation. Caesium analysis of all samples has been
carried out at IRPI. Chemical analysis of vegetation are carried out at AGRI. Collected samples
include soil, milk, vegetation and faeces.

Relatively high variation has been observed in caesium content, both in soil and vegetation, as
well as between animals, due to heterogeneous distribution within the soil and vegetation. This
emphasises the importance of connecting the data with the environmental factors on each site.
Factors connected with the animals, i.e. grazing pattern, plant selection, intake and digestibility
must also be considered. As the sampling for the RAD-3 project have been done on experimental
farm where other experiments have been conducted at the same time, data on intake, digestibility
and grazing behaviour are available. A broad information is also available on the genetic traits of
the Hestur sheep flock, as the same herd has been bred there since 1951.

This study was a part of the NKS / RAD-3 project in the 1990-1993 and it now forms a part of
the NKS / EKO-2 project.

14:
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Deterministiske skader og dosisreduktion i interventionel
neuroradiologi i Danmark.

Ole Hjardemaal, Statens Institut for Stralehygiejne, Frederikssundsvej 378, 2700 Bronshgj,
Danmark.

RESUME

Deterministiske skader i rentgendiagnostikken har igennem mange &r veeret fo. Med interventionsradiologien, der
medferer meget lange gennemlysningstider og adskillige optagelsesserier, foreligger der oplysninger om skader fra
flere lande. Der redegores for de relevante skader, deres dosistzrskler og latenstider.

Beregning af patientdoser i interventionsradiologien kompliceres af, at de modemne apparater er
mikroprocessorstyrede og dermed giver mulighed for brugeren til at valge mellem adskillige programmer til styring
af hojspeending, rerstrem, filtrering m.m. Der bringes et eksempel pé et sddant reguleringssystem.

I Danmark har én rentgeninstallation givet anledning til to tilfzlde af epilation (héraffald) i forbindelse med
interventionel neuroradiologi. Der redegores for de dosismalinger der er foretaget, de tiltag og anbefalinger der er
giort med henblik pé at reducere doserne fremover og dermed forsege at undga de deterministiske skader.

INDLEDNING

Allerede kort tid efter at rentgenstrdlingen var opdaget i 1895, blev man klar over, at den
kunne fordrsage hudskader. Specielt fik mange leger og forskere skader pa deres haender i de
forste ar.

Et dansk udvalg, der forberedte den farste strilebeskyttelseslovgivning, ger i en betznkning fra
1928 opmerksom pd opstiede rentgenbeskadigelser hos patienter, der kan vare meget
alvorlige, og som medfarer erstatninger.

Forholdsvis enkle stralebeskyttelsesmassige foranstaltninger, som filtrering af strilingen, stor
fokus-hudafstand og indblanding af strlefeltet bevirker, at hudskaderne ikke opstar.

Men med indferelsen af den digitale billedbehandling accelererede interventionsradiologien
med meget lange gennemlysningstider og optagelsesserier, og beretninger om deterministiske
skader hos patienter som folge af de store doser dukker op. I Danmark har Statens Institut for
Stralehygiejne kendskab til tre tilfzelde af deterministiske skader i form af total epilation og
desuden viden om flere tilfelde af delvis epilation, alle opstéet i forbindelse med interventionel
neuroradiologi.

Interventionel radiologi omfatter behandling af patienter gennem perkutan adgang uden ibning
af kroppens kaviteter. Typisk vil det dreje sig om at lukke deformiteter i karsystemet eller
skaffe gennemstramning i forsnzvrede kar. I interventionel neuroradiologi kan eksempelvis
aneurismer i hjernens karsystem lukkes med sékaldte coils, der anbringes ved hjzlp af et
kateter under gennemlysning se figur 1 og 2. Proceduren omfatter ogsé lange optagelsesserier.
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Figur 1. Aneurisme fyldt med Figur 2. Aneurisme lukket med coils og
kontraststof. derfor ikke leengere fyldt med
kontrast. :

Deterministiske strileskader er karakteriserede ved, at skaden fgrst opstr, nér dosis
overskrider en vis terskel, samt at graden af skade stiger med stigende dosis. I figur 3 er
angivet de skader som er aktuelle i interventionsradiologien samt terskeldosis og latenstid.
Tearskeldoserne afhenger af forskellige faktorer som fraktionering og hudtype hos den

. bestrdlede person. Latenstiden vil vere afhzngig af dosis, sdledes at en hgj dosis giver en kort
latenstid.

Skade Tarskeldosis (Gy) Latenstid
-Tidligt transitorisk erytem 2 timer
-Transitorisk epilation 3 3 uger
-Erytem 6 10 dage
-Permanent epilation 7 3 uger
-Ter dermatitis 10 4 uger
-Invasiv fibrose e
-Hudatrofi 11 >14 uger
-Telangiektasi 12 >52 uger
-Ekssudativ dermatitis 15 4 uger
-Sent optredende erytem 15 6-10 uger
-Hudnekrose 18 >10 uger
-Sekundar ulceration 20 >6 uger

Figur 3. Deterministiske skader, twrskeldoser og latenstider ved interventionsradiologi.

Ved gennemlysning med traditionelt rgntgenudstyr kan man normalt danne sig et skgn over
stgrrelsesordenen af huddosis, idet de vaesentligste parametre der varierer er hgjspendingen,
rerstrgmmen, gennemlysningstiden og fokus-hudafstanden. Noget tilsvarende ggr sig
geldende ved optagelser, enten dette er enkeltoptagelser eller serier.

Forholdene er vasentlig mere komplicerede ved moderne mikroprocessorstyrede
rgntgenapparater, Ud over at de ovennzvnte parametre kan have en meget kompliceret
sammenhang styret af programmer, der kan valges af brugeren, er det muligt at @ndre

144



pulsbredde og filtrering. Visse apparater har mulighed for filtrering p& over 0,4 mm kobber,
hvilket naturligvis giver en huddosisreducerende effekt.

Et eksempel pd et moderne reguleringssystem er vist pd figur 4. Rontgenapparatet "maler"
patientens transparens udtrykt i vandakvivalent, og parametrene indstilles pa basis heraf. I
omrdde 1 foroges pulsbredden, mens rerstrem og hejspznding holdes pi deres
minimumsvzrdier. I omrade 2 stiger hejspzndingen, mens rerstremmen stadig er pa minimum
og pulsbredden konstant. I omrade 3 holdes rerspzndingen konstant, og pulsbredde samt
rarstrom stiger, ind til den maksimale rerbelastning nés. I omréde 4 stiger hgjspazndingen,
rerstrommen falder og pulsbredden er konstant. I omréde 5 er hejspa@ndingen konstant,
pulsbredden stiger, og rorstremmen falder. Endelig stiger i omrade 6 hejspzndingen, mens
rorstremmen falder og pulsbredden holdes konstant. Endelig er det vard at bemerke, at der
ved bestemte vandakvivalenter zndres pa filtreringen.

f 12 3 4 5 8
—
L)
1 1 1
kv: heajspEnding mA
mA:  rersirem

o3 pulsbredde ) ' i /'l——
A.D.E: tilsatsfiter H
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ADF 2 Cy 01Cu
4 L E L)
100 %
Relative /_____F‘T.TJ

huddosis 50 ?‘ : — l

0 10 20 an 40 em
Patientakvivalent i vand —

Figur 4. Reguleringsprincip for rontgengeneratorer..

MATERIALE OG METODE

To af tilfeldene med total epilation i forbindelse med neuroradiologisk intervention har varet
med det samme rgntgenapparat. Der er foretaget en opméling af ydelsen fra rentgenapparatet

med henblik pé at reducere doserne. Desuden er der udfert en rekke patientdosismalinger for
at se, hvor store de aktuelle huddoser er.

Det anvendte rontgengenerator er en Shimadzu HD 150-G 60, som ikke er
mikroprocessorstyret. Rentgenreret sidder under lejet pd en Shimadzu MH-10 C bue.
Dosisreguleringssystemet fungerede med fastholdt rerstram.

Til opmaéling af apparatets ydelser blev anvendt et Capintec 172 dosimeter med et 30cc
ionisationskammer og et Alderson hovedfantom. De maélte ekspositioner blev omregnet til
huddoser inklusiv tilbagespredning. Til miling af et antal patienters huddoser blev anvendt
TLD i form af LiF, der blev tapet til patienternes hud, siledes at et dosimeter var i
indgangsstralefeltet ved bade PA og LAT projektionen.
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RESULTATER OG DISKUSSION

For at gore det muligt for personalet, der udferer interventionerne, at foretage et sken over
patienternes huddoser, blev der foretaget opmalinger ved de mest almindelige serie- og
gennemlysningsparametre, som det fremgér af figur 5 og 6. Desuden blev der opmalt ydelser
med en totalfiltrering pd 4 mm aluminium i stedet for de 3 mm aluminium, som mélingerne i
figur 5 og 6 var baseret pa. Disse méilinger viste en dosisreduktion pi ca. 20%, og
billedkvalitetsvurderinger viste efterfolgende, at billedkvaliteten stadig var acceptabel pd trods
af den hérdere stralekvalitet. Inden opmilingerne pabegyndtes, var der foretaget en reduktion
af rerstremmen pa 20% med henblik pé at reducere huddoserne. Som en yderligere
dosisreducerende foranstaitning blev det anbefalet at oge fokus-hudafstanden, idet den

anvendte apparatopstilling gav mulighed herfor.

Fokus- Serielzngde Antal Hejspanding Rarstrgm Huddosis
~ hudafstand billeder
__(cm) (s) kV) {(mA) (Gy)
565 10.5 40 74 80 0.20
“ 56.5 7.6 29 L 80 0.15
Figur 5. Huddosis ved optagelsesserier
Fokus- Hgjspending Rorstrom Huddosishastighed
hudafstand
(cm) (kV) (mA) (Gy/min)
56.5 88 0.9 0.03
56.5 73 2.0 0.05
56.5 69 3.0 1 0.05

Figur 6. Huddosishastighed ved gennemlysning

Efter indforelse af de dosisbesparende foranstaltninger blev der med TLD i indgangsstralefeltet
malt et antal huddoser p patienter. Ved de forste 4 patienter blev der ikke opgjort serietider
og gennemlysningstider separat for AP og LAT projektionerne. Huddoserne 18 imidlertid i
intervallet 0,027 til 1,1 Gy, hvilket er under tzrskelvardien for deterministiske skader.

For de folgende 4 patienter er serielzngde, gennemlysningstid og huddosis vist for bide AP og
LAT projektionen i figur 7. Det fremgér, at man for patient B’s vedkommende er oppe pa sd
hej en dosis, at der kan forventes en deterministisk skade. Dette er da ogsi en interventionel
arteriografi, men A og C er diagnostiske arteriografier. Selv efter indferelsen af de
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dosisbesparende foranstaltninger, er der siledes stadig mulighed for at give patienterne haje
doser.

Patient/projektion Serielengde Gennemlysning Huddosis
(s) (minut) (Gy)
A/PA 34.5 2.0 0.43
A/LAT 14.4 0.5 0.38
B/PA 167 27.2 3.1
B/LAT 37.3 3.0 1.2
C/PA 41.4 2.8 0.68
C/LAT 8.7 12 0.24

Figur 7: Huddosis malt pa patienter med TLD.

Endelig er der i et rentgenrum pa hospitalet med moderne udstyr, som normalt ikke anvendes
til interventionel neuroradiologi, foretaget pilotmélinger, der indikerer, at patientdoserne kunne
nedszttes ved interventionel neuroradiologi ved anskaffelse af nyt rentgenudstyr.

KONKLUSION

Ved interventionsradiologi, hvor der arbejdes med lange optagelsesserier og
gennemlysningstider ber der anvendes mikroprocessorstyrede rentgengeneratorer med
brugervalgte programmer, der giver mulighed for at optimere dosis og billedkvalitet. Herunder
ma filtreringen vaere en af de parametre, der kan optimeres pa. Endelig mé der udfares
patientdosismalinger, der ger det muligt at vurdere huddoserne og dermed muligheden for
deterministiske skader.
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Stralrisk vid mammografiscreening - forsumbar eller ett stort problem?

Wolfram Leitz
Statens stralskyddsinstitut, S 171 16 Stockholm, Sverige

Sammanfattning - Nir helst mammografiscreeningens vara eller icke vara diskuteras kommer dven strlrisken
med in i bilden. Uppfattningar om dess betydelse har gitt - och gir - isdr, fran "helt utan betydelse” till
»stralrisken overstiger nyttan”. Orsaken till att dessa motstridiga slutsatser &r olika antaganden om straldos,
stralrisk per dosenhet och nyttan med screening i form av minskad dodlighet i brostcancer. I denna rapport
diskuteras de senaste ronen om strilriskerna, bl a resultaten av den svenska fibroadenomatosstudien, och
utvecklingen av strildoserna under de senaste drtiondena. Berdkningarna visar, att, med realistiska antaganden
avseende straldos och risk, den forvintade nyttan med screeningen vl dverstiger de skadliga effekterna, men
att & andra sidan forsumlighet av strilskyddstinkandet Litt kan leda till strdldoser som stjdlper detta
forhallandet.

Inledning

Framsta syftet med screening med mammografi for tidig upptéckt av brostcancer &r att minska
dodligheten i sjukdomen och att drastiska terapeutiska ingrepp kan ersittas med mindre. Ett
absolut krav for berittigandet av ett screeningprogram &r att nyttan &r storre &n de negativa
effekterna. Bedomningen kan vara svir eftersom de flesta effekterna ir svéra att kvantifiera
och miits dessutom ofta i olika enheter och ir siledes svéra att jamfora.

Ftt undantag #r strilrisken. Den kan mitas i antal stralinducerade brostcancerdodsfall eller
forlorade levnadsér som kan stillas mot den forvintade nyttan av ett screeningprogram
uttryckt i antalet forhindrade brostcancerdddsfall eller vunna levnadsdr. I denna artikel
diskuteras just detta for olika screening scenarier med utgingspunkt frén nya ron béde vad
giller strilrisk, straldos och effekten av screeningprogrammet i form av reduktion av
bréstcancerdodlighet.

Bakgrund

Allmén screening.: Screening med mammografi for tidig upptéckt av brostcancer har
diskuterats - inte minst i Sverige - for mer 4n tjugo ar sedan. Aven om strildoserna da var
hogre én de &r idag var inte strilrisken frimsta motargumentet utan bristen pa beviset att
screening for med sig medicinsk nytta. Den s k WE-studien visade med statistisk signifikans
1985 ! att brostcancerdddligheten kan minskas med mammografiscreening. Detta var
startskottet for allmin screening med mammografi i Sverige, som i dag (augusti 1996) omfattar
hela landet med undantag av Gotland.

Utveckling av straldoser. P& 60-talet anvindes direktfilm utan forstarkningsskdrmar.
Straldosen per bild, uttryckt som genomsnittlig absorberad dos till brostkortelvivnad i ett
normalt stort brost, var da storre dn 20 mGy. P4 70-talet kom de forsta film-skdrm system,
speciellt avsedda for mammografi, med en dos p& 2 - 3 mGy. Tack vare vidareutvecklingen av
dessa system med bl a speciellt anpassad framkallning kunde dosen pressa ner till ca 0,6 mGy i
slutet av 80-talet. D3 dkade 4 andra sidan anvindningen av raster, som tidigare endast
anvindes for s k klinisk mammografi. Idag anvinds raster nira nog till 100 procent vid
screening med en dos per bild pa ca 1,5 mGy.

I screeningsammanhang ar forutom dos per bild ocks3 antalet bilder per undersokning och
intervallet mellan tvi konsekutiva screeningomgangar av betydelse for dosen. I WE-studien
anvindes en-bildsteknik, och det genomsnittliga intervallet mellan screeningomgéngerna var 33
manader for kvinnor dldre dn 50 &r och 24 ménader for de yngre. Socialstyrelsens allménna rid
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om mammografiscreening frén 1986 2 plev vigledande vid inférandet av den allmédnna
screeningen 1986, Dér rekommenderas en-bildsteknik for kvinnor over 54 &r och tvé-
bildsteknik vid initialscreening for de yngre kvinnorna. Bedomningen av bilderna avgor om de
foljande undersokningar ska goras med en- eller tva-bildsteknik. Screeningintervallet
rekommenderas till 18 ménader for kvinnor under 55 &r och till 24 méanader for de gldre
kvinnorna. Screening sker idag i regel enligt dessa rekommendationer.

Stralrisker. Kunskapen om risken for stralinducerad brostcancer kommer framst fran studier av
de éverlevande i Hiroshima och Nagasaki 34 frin tuberkulospatienter som genomlystes med
rontgen * ¢, och for patienter med benigna brostakomma som stralbehandlades 7 * . Speciellt i
de tidigare publikationerna &r resultaten £51 kvinnor som bestralats i dldern > 40 inte statistiskt

signifikant, och uppfoljningstiderna &r dir relativ korta.

Nuliiget och framtidstrender

Stréldos. Nya film-skérm system introduceras pé marknaden. Preliminira utvirderingar ° visar
att den absorberade dosen till ett standardbrost kan sinkas till 0,8 mGy eller mindre med
anvindning av raster under bibehallen bildkvalitet. De ovriga trender som piverkar strdldosen
gar i motsatt riktning. Framst i Storbritannien och Nederlinderna dvergar man till allt hogre
filmsvartning, frin nettosvértning mellan 1,0 och 1,4 till mellan 1,5 och 1,8, vilket motsvarar en
dosékning mellan 50 och 100 procent. I ett snart publicerat dokument frin EU om dosimetri
for mammografi 1" “tilldts” virden upp till 4 mGy per bild vid nettosvirtning 1,8.

I diskussionen om och hur screening ska bedrivas for kvinnor i aldersgruppen 40 - 49 &r
framhalls att screningintervallet maste vara kortare én for 4ldre kvinnor for att uppna dnskad
halsoeffekt - ett &r anses vara optimalt 2 Och tvi-bildsteknik anvinds mer och mer
rutinmissigt i screeningsammanhéng, speciellt for kvinnor under 50 ér.

Strélrisk. Mattsson et al ° citerar ndgra av de mest relevanta studierna om stralrisk for kvinnor
sver 40 &r vid bestralningen och riknar om resultaten till samma enhet, excess brostcancerrisk
per 1 Gy. Dessa virden aterges i tabell 1.

Tabell 1: Risk for stralinducerad brostcancer frén olika studier (ur ref °)

Alder vid exponering  Excess relativ risk referens

per 1 Gy
> 40 &r 0,48 4
> 40 &r 0,46 8
>354r 0,16 6
> 35 ar 0,10 3

Mortalitetsreduktion. Ehuru den positiva effekten av halsoundersskningar med mammografi
med avseende pé reduktion av brostcancerdodligheten har kunnats verifieras for kvinnor i
sldersgruppen 50 till 70 &r med statistisk signifikans redan 1985 ! finns fortfarande fragetecken
f5r kvinnor under 50 &r. En sammanslagning av samtliga randomiserade, populationsbaserade
studier gav for 40 - 49 aringar en mortalitetsreduktion pa 22 procent med ett konfidensintervall
(95% niva) 36 till 4 13 dvs det ar nitt och jamnt sikerstillt att det 6verhuvudtaget finns en
positiv effekt. Modellberékningar, forutsatt ett screeningintervall pa hogst ett ir, forutspar en

mortalitetsreduktion pa 36 procent 2
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Stralrisk kontra nyttan vid mammografiscreening .

Det finns inte nigot allmingiltigt svar pd fragan hur stort ar forhallandet mellan nytta och risk
vid mammografiscreening”, &ven om man inskrénker sig till att jamfora riddade liv genom tidig
diagnos med antalet stralinducerade brostcancerdddsfall. Det &r minga parametrar som ingar
och de kan varierar mycket i olika screeningscenarier. Fem av dessa parameter listas i tabell 2,
tillsammans med den spridning de kan ha under realistiska antaganden. Som framgar ur sista
raden kan ratio benefit/risk skiljer sig med en faktor 450 mellan extremfallen.

Tabell 2: Variation av faktorer som péverkar benefit/risk ratio vid

mammografiscreening
min/max Ratio
virde
Dos per bild 0,8 .4 mGy 5
Antalet bilder 1.2 2
Screeningintervall 3. 14ar 3
Excess relativ risk / 1 Gy 0,1...0,48 5
Mortalitetsreduktion 30...10% 3
Totala maximala relativa skillnaden 450 "

For att belysa hur det kan sl4 i verkligheten har berikningar genomforts for tre olika scenarier:
ett “hogrisk”, ett "lagrisk” och ett "medelrisk”, se tabell 3. Forutsittningar var att alla virden
hamnar inom ett rimligt intervall, sisom beskrivet i foregdende avsnitt. For "hog-” respektive
“lagrisk” alternativet valdes de mest gynnsamma respektive ogynnsamma virden, for
medelalternativet det som enligt forfattaren ar realistiskt for screening i Sverige, forutsatt dock
en hog ambitionsniva, bide vad géller bildkvalitet som stréldos.

Tabell 3: Tre olika scenarier for mammografiscreening av 40 - 49 driga kvinnor

“hogrisk” "lagrisk” "medelrisk”

Dos per bild 4 mQGy 0,8 mGy 1 mGy
Antal bilder 2 i 1,3
Screeningintervall 1 &r 3ar 1,5
Excess relat. risk/Gy 0,46 0,1 0,2
Mortalitetsreduktion 10 % 30 % 20 %

For de olika scenarier har antalet forhindrade respektive inducerade dodsfall samt antalet vunna
respektive forlorade levnadsar berdknats. Berikningarna gjordes av Anders Mattsson * som
anvinde detaljerade data om 3ldersfordelningen av brostcancerincidens och -mortalitet samt
tidsberoendet diaremellan for Stockholmsbefolkningen som underlag. Latenstiden for
stralinducerad brostcancer har antagits till att vara 5 - 10 &r. Reduktionen i brostcancer-
dodlighet genom screening botjar for 40 - 49 dringar 7 ér efter forsta screeningen och kvarstér
livet ut. Tabell 4 visar resultaten. Jamfort med forhéllandena for brostcancerdod &r benifit/risk
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ratio for vunna/forlorade levnadsar cirka tvd ginger gynnsammare, beroende pé att
»livriddningen” intraffar 1ngt tidigare &n de stralinducerade cancerdodsfall.

Tabell 4: Benefit/risk forhillandet for mammografiscreening under
10 &rs tid av 100 000 40-aringar

"hogrisk”  “1agrisk” ”medelrisk”
60 190

A Riddade iv
B Forlorade liv

D Vunna levnadsér

Diskussion och slutsats

Ur tabell 3 framgir att det kan gd sé illa att skadan uttryckt i antalet strilinducerade
brostcancerdodsfall eller forlorade levnadsar kan bli I&ngt storre &n nyttan i motsvarande
enheter. Om inte omdjligt s &r dock detta scenario ratt & osannolikt att intréffa i verkligheten,
tminstone om det finns négon form av kvalitetstankande bakom screeningprogrammet. A
andra sidan #r ocksé "glidjekalkylen” osannolik, s& verkligheten ligger nog narmare den sista
kolumnen.

Mer #n tjugo génger si manga raddade liv 4n stréiningsinducerade dodsfali, och mer én fyrtio
ginger s ménga vunna levnadsar in forlorade borde kunna rittfardiga ett screeningprogram,
atminstone om man endast tar hinsyn till denna aspekt. Marginalerna &r dock inte stora. Med
en fyra ginger hogre straldos - vilket ltt kan hiinda i et program med t ex genomgdende tvé
bilder, screeningintervall pé ett &r och en dos per bild p& 2 mGy - sjunker benefit/risk ratio till
5. och d4 #r det inte sjalvklart att ett sidant screeningprogram r etiskt forsvarbart.

Sammanfattningsvis kan konstateras att stralrisken inte utgor nigot hinder for genomfdrandet
av ett screeningprogram. Detta forutsitter dock att straldosen inte visentlig 6verstiger de
viirden som anges i “medelscenariet” - strildosen fir dven i fortsittningen inte negligeras. Lika
viktigt &r det att uppnd och uppritthalla hog kvalitet i alia de andra aspekterna, som t ex

diagnostisk sakerhet for att minimera antalet falsk positiva och falsk negativa diagnoser.
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Doses to the Staff in the Center for Positron Emission Tomography at
the University Hospital in Copenhagen (RH).

Dorte Eide Paulsen,

Department of Electro Physics (AEF),
Technical University of Denmark (DTU),
Bld. 322, DK-2800 Lyngby

INTRODUCTION

This paper describes a survey of radiation and radiation levels in the center for Positron
Emission Tomography (PET) scanning at the University Hospital in Copenhagen. The
survey was conducted as a Master Thesis at the Department of Electrophysics (AEF) at
the Technical University of Denmark (DTU), April 1995. The project was made in
collaboration with the University Hospital in Copenhagen (RH) and the Danish Institute
for Radiation Protection (SIS), with Uffe Korsbech (DTU) and Klaus Ennow (SIS) as
supervisors.

In Denmark the radiation protection of workers is based on the recommendations of the
International Commission on Radiological Protection (ICRP). According to the ICRP the
use of X-ray apparatus and radiopharmaceuticals should follow the 3 general principles for
the radiation protection of workers:

- the use is justified (the advantages must at leastcompensate the disadvantages)

- all doses should be kept as low as reasonably achievable with regards to
economic and social conditions

- no workers should receive doses higher than the dose limits

The recommended dose limits for occupational exposure are: 20 mSv per year for the
effective dose, 150 mSv to the lens of the eye, 500 mSv to the hands and feet and 500
mSv to the skin.

The investigation in the PET- center was initiated due to measurements of increased doses
to the staff. In general, in Danish hospitals, film and pocket dosemeters are used for
monitoring the doses to the employees. Thus, the staff at the PET center have worn dose
measurement equipment to control their doses since the start in 1992,

A typical effective monthly dose to a laboratory technician during the start up of the
center in 1993 (while making radioactive liquids for injection and while performing
injection) was : 0.1-0.3 mSv, whereas the monthly dose to the skin was less than 0.1 mSv.
By 1994 these doses had increased to 0.4 - 0.6 mSv and 0.3 - 0.8 mSv respectively. In
addition stains were observed on the films, i.e. apparently the radioactivity had in some
way settled on the films before decaying.

At the center the positron emitters are used as tracers. The elements N-13, 0-15 and F-18
are attached to molecules that are part of the human metabolism. The PET-scanning is
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based on the detection of the decay from these positron emitters. Certain conditions are of
pratical importance for the radiation protection:

- the decay of the positon emitters gives complex radiation, fields i.e. B*-radiation
(positrons) as well as high energy vy -radiation (annihilation).

- the preparation procedure is complicated: After the elements have been produced
in the cyclotron, several manual chemical procedures follow before the product
is ready for injection.

- all of the positron emitters have relatively short half-lifes: 124 s - 2 h. Therefore
high start activities are required, otherwise there will not be sufficient time for the
scanning process.

MATERIAL AND METHODS

Different methods were used to determine the level of radiation doses to the employees:
The Air Monitor, Smear Tests, The Pocket Dosemeter and Thermo-Luminescence
Dosemeters.

The Air Monitor was used for monitoring the airborne radioactivity in the rooms of the
PET-center during work with the pharmaceuticals marked with N-13, O-15 and F-18. By
use of a pump, the air from the room was lead to a scintillation detector window. The
detector signal was amplified and analysed by a counter. The count rate was converted
into volume activity. To do this the system was calibrated first. The calibration was made
by circulating a known concentration of radioactive CHy to the detector window. Doses to
the sensitive part of the skin and effective doses were finally calculated from the measured
volume activities using approximating formulae.

To determine the contamination of surfaces, Smear Tests were used. Four different ways
of exposure from surface contamination were investigated, that is the external irradiation
of skin from the surface contamination, inhalation of evaporated activity, external
irradiation of skin from contamination transferred to the skin and finally from intake of
surface contamination. A certain surface area was wiped off, and the activity was detected
in a Nal-detector. The Nal detector was calibrated using a known concentration of F-18
activity.

The objective of the derived limits is to establish guidelines for which doses are
acceptable. These guidelines ensure that the ICRP recommendations are not exceeded.
The guidelines are calculated using knowledge of the Average Dose Rate Equivalent per
Surface Contamination Unit, the Annual Limit on Intake and the Derived Air
Concentration (the model is conservative i.e. it overestimates the dose).

A comparison between the measured surface contaminations, 0 - 4000 Bg/cm?, and the
derived limits was then made.

The staff was furthermore asked to wear a pocket dosemeter (type 21/Stephen 6000, P.E.-
medical Aps), which made it possible to follow the doses received in different handling
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situations second by second. For example the preparation of O-15 (water) and the
injection of F-18 (FDG) was monitored.

Finally TL materials was used for measurements of exposures of the staff when handling
radiopharmaceuticals in different situations. First 7 measurements were performed by
using the TL-meterial LiF-100 (the measured effective doses were corrected for the
background contribution). Normally dosemeters of this kind are sufficient for strongly
penetrating radiation. For weakly penetrating radiation, problems arise, because the
detector can not differentiate between the dose absorbed in different layers of the detector.
In this situation a detector made of a very thin tissue equivalent thermo luminescent (TL)
material, covered with a thin tissue equivalent filter is a more appropriate solution.

To be able to differentiate between weakly and strongly penetrating radiation, a new
dosemeter made from LiF:Mg,Cu,P and MgB,O7:Dy was developed. Two LiF ‘Mg,Cu,P
chips were placed in a plastic pocket on each side of a 3mm perspex plate.

The diameter was 8 mm and it shielded the back chip against beta radiation. A
MgB4O7:Dy pellet was placed in the pocket next to the LiF:Mg,Cu,P chips. The plastic
- material of the pocket was non transparent. The purpose of the pocket was to hold the
tablets, to function as detector window and to shield against UV-light. UV-light would
affect the read out of the tablet.

In the new dosemeter the upper LiF:Mg,Cu,P chip received both beta and gamma
radiation while the lower LiF:Mg,Cu,P chip only received gamma radiation. The
MgB40,:Dy pellet received both beta and gamma radiation. This pellet was used as a
control of the dose measured with the LiF:Mg,Cu,P chips.

A new serie of measurements was finally performed with the new dosemeter.

RESULTS

The effective doses due to airborne radioactivitity, measured by using the Air Monitor
were found to be negligible. The highest measured doses to the sensitive skin was found in
situations handling H,0 (0-15), 0 - 8 nSv, whereas the sensitive skin doses the staff
received when handling N-13 or F-18 were all negligible. None of the dose levels were
critical compared to the recommendations from the ICRP.

(Since the investigation at the center, the staff have started using C-11 (*!CO gas).
Permanent use of this gas may increase the amount of airborne radioactivity in the center,
so new monitoring with the Air Monitor could be necessary).

A comparison between the measured surface contamination and the dirived limits gives the
following results:

- The doses from external irradiation of the skin are of the same order of magnitude
as the calculated derived limit DLoufice to ki = 147 Bg/cm? and
DL.tin cont o = 340 Bg/cm?® respectively.

- No important surface contamination regarding inhalation or intake was registered.

The limits are here: DLigutation = 140000 Bg/cm’ and DL, .15 = 28000 Bg/cm?
and DL 15 = 80000 Bg/cm?
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- Typical contaminations are:

Transport containers: 40-200 Bg/cm®

The Dose Calibrator; 500 Bg/em®

The handie of the LAF-closet: 4000 Bg/cm®
Work tables: 0 - 300 Bg/em®

not contaminated is:
the handle of the HOT-cell-closet: 0 Bg/cm®
and transportation wagons: 0 Bq/crn2

The results obtained by measuring doses with the pocket dosemeter is that during the
preparation of O-15 the highest dose comes from the trial run and the quality tests: ca. 1.5
uSv. Each production gives a dose of ca. 0.8 uSv. From the dose for the total preparation:
5.4 uSv, the average dose rate was calculated: 5.4uSv * (3600/4500)/h = 4.3 uSv /h. So
“one person can work 4651 ~ 4600 hours with the O-15 preparation each year without
exceeding the limit.
While, as another example, during the injection of FDG the higest momentary dose comes
during filling of the injector: 5.3 uSv, the injection itself gives 2.4 uSv. It is remarkable
that staying near by the patient after injection gives as much as 9.7 uSv.
None of the situations measured with the pocket dosemeter indicated that workers would
receive doses that, during a working year, would exceed the ICRP recommendations.

The effective doses to the staff in different handling situations, measured by use of the TL
material LiF-100, are all in the range of 0-2 mSv.

In general the beta doses found by use of the New Dosemeter, i.e. by use of the TL-
materials LiF:Mg,Cu,P and MgB,07:Dy, are three times higher than the gamma doses for
different handling situations, i.e. the need for a dosemeter measuring the beta dose was
confirmed.

CONCLUSION

The conclusion concerning the radiation levels in the PET-center is that the protection
arrangements at the center, for the present, limit the doses sufficiently compared to the
ICRP recommendations. But there is a need for a better protection against the dose to the
sensitive layer of the skin - especially to the hands. As cheap solutions, the staff could use
thicker plastic gloves and introduce the use of tongs.

The staff could when possible use both hands (instead of only the right) while preparing or
injecting the positron emitters. Finally the staff could when possibly try to spread the dose
more evenly among several individuals.

A more expensive solution would be to make the preparation, as well as the injection,
more automatic.
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Abstract

This paper describes a survey of matters concerning radiation levels in the center for
Positron Emission Tomography (PET) scanning at the University Hospital in
Copenhagen. Since the launch of the PET center in 1992, by means of film and pocket
dosemeters, an incresing level of radiation to the employees has been observed. Within
the survey, the sources of this increasing radiation level are investigated. While making
radiopharmaceuticals for injection, as part of the preparation for the scanning process,
the employees inevitably receive radiation doses. Futhermore, while performing
injections of radioactive preparations to the patients, the employees are exposed.

A survey of matters concerning air and surface contaminations in the center, has been
conducted. For the purpose of monitoring the air contamination a dedicated Air Monitor
was constructed. The surface contamination was measured using Smear Tests. Doses as
well as doserates were registed by means of a Pocket Dosemeter and analyzed at times of
production and injection of the radiopharmaceuticals. Doses to the fingers and hands of
the personel, during handling of radiopharmaceuticals, were investigated using thermo-
luminous materials. A finger dosemeter, that takes into account both the contributions
from beta and gamma radiation, was developed.

The doses that were measured, were compared to the recommendations concerning
protection against ionizing radiation by the "The Commission on Radiological
Protection". On these grounds, it has been assessed, if there in certain working situation is
a need for improved radiation protection. In this paper proposal have been made, where
to act, and which measures can be taken in order to reduce the radiation doses, the
personnel is exposed to.
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Uppfiljning av datortomografianvindningen i Sverige

Gabor Szendro”, Bertil Axelsson” och Wolfram Leitz™

f Statens stralskyddsinstitut, Stockholm
Karolinska Sjukhuset, Stockholm

Sammanfattning - Statens strilskyddsinstitut samlade 1991 in uppgifier om anvindningen av datortomo-
grafi i svensk sjukvird. Dessa kompletterades sedan med dosmiitningar och dosberikningar. Resultatet frin
denna kartldggning redovisades bl.a. vid Nordiska Sillskapet for Stralskydds forra méte i Kristiansand i
Norge 1993,

Slutsatserna frin kartliggningen ledde till att Statens strilskyddsinstitutet bl.a. efterlyste en mer individuell
anpassning av exponeringsparametrar till kroppsstoriek, undersékt omrade m.m,

Under viren 1996 har en uppfoljning gjorts med en enkéit om maskinpark, antalet undersskningar och
understkningsteknik. Svaren visar en fortsatt kning av datortomografianvindningen bade i antalet tomo-
grafer som nu 4r 112 st och antalet undersékningar som nira nog fordubblats sedan den forra kartlégg-

o ningen. Vad giller undersékningsteknik kan skonjas att inforandet av anpassade undersékningstekniker

Jkommit igng sisom sinkning av doserna vid undersokning av barn och i tvrigt gora skillnad for skilinader
i kroppsstorlek och anatomi.

Inledning

Datortomografin dr den enskilda teknik inom rontgendiagnostiken som ger det ojamforligt
stOrsta bidraget till kollektivdosen. Det 4r darfor viktigt att folja utvecklingen inom detta
omrade. SSI gjorde for 5 &r sedan en kartliggning av datortomografiverksamheten i
Sverige kallat ACTRIS'. Resultatet frén denna kartlaggning har presenterats vid Nordiska
Séllskapet for Stralskydds mote i Kristiansand i Norge for 3 &r sedan’, vid en EU-workshop
1 Grado, Italien 1993, vid ett par tillfallen pa Svenska lakarsillskapets arsstimma i Stock-
holm**, vid ungerska strilskyddssallskapets 20:e workshop® samt i olika publikationer.

Denna kartlaggning bestod sammanfattningsvis av foljande. Under en "normalvecka" samla-
des data in for samtliga undersékningar frén 89 av landets datortomografer vilket gav 3.881
protokoll. Dessa protokoll omfattade patientdata och exponeringsparametrar. Detta komp-
letterades sedan med dosmitningar i fantom si att patientdosen for varje enskild undersok-
ning kunde berdknas enligt en egen enkel dosberikningsmodell kallad practical approach’.

Sammanstillning av kartldggningen visade att det 1991 gjordes ca 200.000 understkningar,
vilket dd motsvarade ca 4 % av det totala antalet fran rontgendiagnostik. Kollektivdosen
uppskattades till ca 1.000 manSv, vilket var ca 20 % av den totala frén rontgendiagnostik.
Sammanstillningen visade att stora skillnader i doser fanns mellan olika anvindare och
slutsatsen blev att exponeringsparametrarna ej var optimerade och individuellt anpassade till
patientstorlek, anatomi och snittjocklekar.

Projektet innefattade dven respons till anvindarna, dér varje anviindare erholl ett antal dos-
diagram for nagra undersokningstyper med den egen placering relativt andra anvindare. En
SSI-rapport’ gavs ocksi ut, dir bristen p& optimering presenterades men med rekommenda-
tioner om dosbesparingsatgirder tillsammans med en lathund for att pa ett enkelt sitt kunna
gora egna dosuppskattningar.
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Uppfoljning

For att se om de efterlysningar om optimering givit ndgra resultat och for att folja den fort-
satta utvecklingen gjordes en uppfolining varen 1996. Med hjilp av en enkit till alla anvén-
dare begirdes information in enligt foljande:

* Eninventering av af)paratparken, dvs vilket nytillskott som kommit i form av
utbytta apparater och nytillkomna anvindare samt vilka apparater som tagits
ur drift.

* Antalet undersokningar for 1995 som utforts vid varje tomograf.

e Vilka undersokningsparametrar som anviinds for ndgra vanliga undersoknings-
typer samt hur dessa indras med patientens storlek och anatomi.

Det gjordes dessutom kompletterande dosmétningar i fantom for de nya apparattyper som
introducerats samt nya dosberakningar for de angivna standardundersékningarna.

Svarsfrekvensen har tyvirr varit dlig och efter pastotningar har i dagsléget bara 2/3 av
anvindama svarat. Det kan dérfor bli vissa justeringar men formodligen inte sa stora di de
som svarat representerar alla kategorier av sjukhus som universitetssjukhus, linssjukhus,
lansdelssjukhus och privata sjukhus.

Foljande slutsatser har kunnat géras:

® antalet datortomograferna dkat med ca 25 %.

» antalet undersokningar per apparat har 6kat med ca 50 %.
Detta innebir att antalet undersokningar 1995 var ca 350.000

Patientdoserna

Aldre tomografer med firre detektorer har bytts ut och ersatts med nyare med fler detekto-
rer vilket har medfort hogre doser till patienterna. (p.g.a. brus-skil krivs hogre dos for
tomografer med fler detektorer - vilket naturligtvis ger bittre upplosning).

Diremot har vi sett att minga av de som anvinder samma apparat som vid forra kartlidgg-
ningen tagit intryck av vara synpunkter och sinkt sina doser for samma typ av undersok-
ning. Men dven minga av de nya anvindarna har ocksd anammat anpassade exponerings-
parametrar.

Antal Férindring | Intervall
medeleff.dos
Utbytta tomografer 33 + 80 % -40 /+ 650 %
Samma tomograf 56 -20% 60/ +70 %
Nya anvéndare 23 -
Summa 112 +20 %

Tabeil 1, Forandringar i medeleffektivdoser,

Om man antar att utvecklingen &r den samma for de som ¢j svarat och att den relativa for-
delningen av olika undersdkningstyper 4r som den var 1991, ger detta att kollektivdosen for
1995 var ca 2.000 manSv.
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Det bor dock péapekas att det finns vissa indikationer pa att dkningen av antalet undersok-
ningar inte skett proportionellt utan att bal-, thorax, och framfor allt ryggundersdkningar
dkat relativt mer 4n skallundersdkningarna. Detta kan forklaras av att CT-tekniken infordes
som en skallundersékningsteknik och ersatte forst de konventionella undersékningarna av
skallen innan den infordes som helkroppsscanner.

Minskning av mAs Andef '91 Andel '95
Vuxna / Barn 65 %
Thorax / Buk } <10 % 40 %
Smala / Tjocka 85 %

Tabell 2. Vi ser hdr hur infSrandet av individuellt anpassade exponeringsparametrar har slagit igenom.

Om inga dosbesparingsitgarder vidtagits, dvs de som sinkt sina doser skulle ha kort sina
undersdkningar som tidigare kan kollektivdosen uppskattas till dver 2.200 manSv. Detta
innebdr att atgirderna bidragit till en besparing pa ca 200 manSv d.v.s. 10%. Det bor dock
papekas att i denna uppskattning inte riknat in besparingar beroende pa patientstoriek vilket
skulle ge en hogre siffra pa besparingama.
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Metode til separation af gennemlysnings- og fotograferingsdosis ved arealdosis
malinger pa patienter.

Peter Gron
Statens Institut for Stralehygiejne + Frederikssundsvej 378 « DK-2700 Brenshoj
Danmark

Resume

T'takt med den stigende brug af arealdosimetre til kvalitetskontrol pa hospitaler, er det ofte nedvendigt at kunne skelne
mellem dosis fra gennemlysning og fotografering. Separationsprocesen er triviel nar der kun benyttes almindelige
filmkassetter. Ved brug af spotfilm og digitalteknik er problemstillingen en anden, idet arealdosis pr. tidsenhed fra
henholdsvis fotografering og gennemlysning, er af omtrent samme sterrelse.

Ved hjzlp af en computer kan data fra arealdosimeteret opsamles hvert sekund, derved fas en kurve over arealdosis pr.
tidsenhed (mGy x cm?s). Disse data sorteres efter storrelse. Computeren analyserer nu de sorterede data, og finder
herved det sted, hvor #ndringen i arealdosis pr. tidsenhed er szrlig stor. Dette punkt repreesenterer overgangen fra
gennemlysning til fotografering. Niveauet for hvor stor &ndringen skal veere, bestemmes ud fra malinger p4 et antal
patienter, hvor antallet af billeder er kendte.

De data der er benyttet til at teste den nuvzrende version af metoden er indsamiet p4 fire danske hospitaler. Der er
indsamlet data fra bade colon og ventrikel undersogelser. lalt er der pA nuvaerende tidspunkt analyseret data fra ca. 40
undersagelser hvor der indghr fotografering og gennemlysning. Data er indhentet i forbindelse med et projekt hvis
formal, er at kortlzgge arealdoserne fra seks udvalgte undersogelser.

Det har vist sig at metoden er istand til at angive antallet af billeder rimelig nojagtigt. 1 de tilfzlde, hvor det beregnede
antal billeder er sammenlignet med det antal man visuelt kan bestemme ud fra hastighedskurven, er den maksimale
afvigelse £ 1 billede.

Alt tyder p4, at man langt nemmere kan bestemme antallet af billeder ved en kompleks undersegelse hvis instrumentet
kan samples hurtigere (op til 200 gange pr. sekund). Dette er i ojeblikket ved at blive undersogt.

Indledning

Ved optimering af patientdoser ved rentgenundersegelser pa hospitaler, er det nedvendigt at
kende bidraget til dosis fra bade fotografering og gennemlysning. I stedet for TLD tabletter kan
man benytte et arealdosismeter der er enkelt at anvende, og som tillader aflzsning af den mélte
storrelse umiddelbart efter undersegelsens afslutning. Princippet ved méling af arealdosis er vist
pé figur 1. Arealdosis méles normalt i enheden (mGy-cm?).

.00 m

Asl6
D/16
A+D

Figur 1. Arealdosis princippet.
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Som det ses er den malte arealdosis uathengig af den benyttede FHA og den egner sig derfor godt
til at sammenligne milinger p4 flere patienter. Nar man har mélt den gennemsnitlige arealdosis fra
et antal patienter kan denne dosis sammenlignes med et szt referencedoser der er vedtaget pa
nordisk plan. Hvis den gennemsnitlige dosis er vasentligt lavere eller hgjere end referencedosis
for den pagzldende undersogelse ma drsagen findes, og om nedvendigt mé undersagelsesteknik
eller apparatur @ndres. Af faktorer der har indflydelse pd arealdosis kan nzvnes:

o Film/folie systemets hastighed.
o Antal billeder.

o Gennemlysningstid.

o Benytte kVp.

o Indblending.

o Personalets erfaring.

I det efterfolgende beskrives en metode til at bestemme den tid der gennemlyses og den hertil
knyttede arealdosis.

Udstyr og malemetoder

Til maling af arealdoser benyttes et arealdosimeter fra PTW Freiburg af typen Diameter M2. Dette
instrument kan styres fra en PC ved brug af en senel kommunikations udgang (RS-232).
M3leopstillingen er vist pd figuren nedenfor (figur 2).

Til styring af maleinstrumentet og til opsamling af patient- og maledata, er der udviklet et

Milekammer
T i / PC og specielt udviklet program
rHa /‘ -
Jj =

Diamentor-M 2

Diskette til opbevaring af miledata

Figur 2. Mdleopstilling ril brug ved maling af arealdoser pd hospitaler,

program. Programmet ger det muligt af indtaste patient data og starte en méling. Der er lagt stor
vagt pi at gare programmet si brugervenligt som muligt, si det personale pA rentgenafdelingen
der udferer undersegelsen selv kan betjene udstyret. Programmet er designet som et vindues
system hvor brugeren indtaster data ved brug af mus og tastatur. Programmet aftaster
arealdosimetret hver sekund. Zndringen i arealdosis samt det relative tidspunkt skrives til en
datafil, der senere kan benyttes som input til beregningsprogrammet. Alle oplysninger gemmes i
en database af typen Microsoft Access. Nér apparaturet flyttes fra en afdeling til en anden serger
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en automatiseret rutine for at gemme data pa en diskette og derefier klargore systemet til at mile
pé den naste afdeling. Data pa disketten overfares pd Statens Institut for Strilehygiejne til en PC
hvor resten af databehandlingen finder sted.

Beregningsmodellen

Neste skridt er at bestemme bidraget fra henholdsvis fotografering og en evt. gennemlysning. Hvis
der til undersggelsen kun benyttes almindelige film er denne proces triviel, men hvis der benyttes
digitalteknik eller spotfilm, er problemstillingen en anden p.g.a den lavere dosis disse typer kraver.
Pa figur 3 er vist en undersogelse hvori der indgar bide gennemlysning og fotografering med
normale film og med spotfilm. Eksemplet er en colon undersggelse med kontrast og luft.

Colon med kontrast og luft Colon med kontrast og luft
Arvaldosis hastighed Arsaidass stighad Sontereds data

{ae0y - cmtly) {mdly - ctie}

2800 3500

3009 3000

23 2300

2000 000

500 100

1000 1000

o 300

P e~ ile s : WO o PO n M . - = " '
+ 0 400 S0 L] 1000 -] E 10 10 0 20 300 h L
™M® Miiicg #

Figur 3. Eksempel pa en colon-undersogelse med Figur4. Data ordnet efier stigende arealdosis-
indheeldning af kontrast og luft. hastighed. Mindste veerdi forst.

Som det ses af figur 3, er der foretaget fire eksponeringer med normale film og fire eksponeringer
med spotfilm. Disse eksponeringer er de mélinger, der ligger over den stiplede linie. Men som det
ogsé fremgdr af figuren er gr&nsen mellem gennemlysning og fotografering meget smal. Det er
denne grense det udviklede beregningsprogram finder.

Analyseprogrammet er opbygget af felgende elementer:

© Indlasning af data fra disk.
o Sortering og differentiering af miledata.

© Bestemmelse af greensen mellem gennemlysning og fotografering ud fra de behandlede data.

(o]

Udregning af arealdoser fra gennemlysning og fotografering.

[o]

Opdatering af database.

Sorteringen af data foregdr v.h.a en implementeret QuickSort algoritme. QuickSort algotitmen er
en optimeret sorteringsalgoritme. Resultat af denne sortering er en tabel, der indeholder data
sorteret efter arealdosishastigheden. Mindste vardi forst. De sorterede data fra figur 3 er vist
grafisk pa figur 4.
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Efter sorteringen bliver data differentieret efter falgende formel:
Diff(i) = Sort(i) - Sort(i-1),  fori=2til antal maélinger
Resultatet af denne differentiering er vist pé figur 5 og figur 6.
For at bestemme de malinger hvor der er foretaget en eksponering, udregnes variansen af et antal

milinger. Antallet af milinger der beregnes ud fra, kaldes vinduet. Udregning af variansen for n
madlinger, sker ud fra falgende formel:

1 -
ot=—"-3Y (x -xP
n i=1
Colon med kontrast og luft Colon med kontrast og luft
Ao saedaraties Scrterede diffureatiarsds daln — &s differentiarvie dats
Iy - amie) ey - wmry
L 1an
1 e [
1008 e
- - -
- -
- L]
» » *
L] et + ¥ T ¥ h' L} *—y s 2 ¥
L} » . L Ld E ) » k] e = b ™ kL
Mg # Py
Figur 5. Sorterede og differentierede data. Figur 6. Udsnit af figur 6. Overgangen mellem

gennemlysning og fotografering.

Hvor x; er et milepunkt indenfor det betragtede vindue og X er middelvardien af vinduets

malepunkter. Vinduets bredde (n) er ved gentagne afpravninger fundet til optimalt at vare 3
méilepunkter.

Colon med kontrast og huft

Figur 7. Beregnede variansvardier.
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Vinduet flyttes fra de hojeste vaerdier og nedad. Nar den beregnede varians (vist pd figur 7) bliver
mindre end en fastsat greense, som i vores tilfielde impirisk er bestemt til 200 (vist med en kraftig
streng pa figur 7), og nar den har holdt sig under denne granse i et antal flytninger af vinduet
(f.eks 20), er grensen mellem gennemlysning og fotografering fundet.

Nér man nu kender en vardi for overgangen mellem gennemlysning og fotografering er det en
triviel sag at bestemme de vardier der ligger over denne veardi.

De beregnede vardier opdateres i databasen og programmet er klar til at beregne endnu en
undersoggelse.

Resultater og diskussion

Beregningsmodellen er indtil nu blevet afprovet pa ca. 40 colon og ventrikel undersogelser.
Antallet af billeder beregnet af programmet, er blevet sammenlignet med antallet billeder der rent
visuelt kan bestemmes. Resultatet er at usikkerheden pa denne sammenligning er pa = 1 billede.
Denne nejagtighed er tilstrekkelig til at foretage en optimering af patientdoserne pa de danske
hospitaler. ‘

Statens Institut for Stralehygiejne, foretager i gjeblikket en estimering af den danske befolknings
kollektive dosis, hidrerende fra rentgenundersogelser. Til dette formal benyttes et arealdosimeter
fra Gammex - RMI. Dette arealdosimeter er istand til at sample op til 200 gange per sekund. Alt
tyder nemlig pd, at samplingshastigheden er afgerende for, hvor simpel en genkendelsesalgoritme
kan geres.

Referencer

1. PTW-Freiburg, Diamentor M2 Instruction Manual.
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Analyse av data fra arealdosemalinger i rontgendiagnostikk

Tord P. Walderhaug og Gudlaugur Einarsson
Geislavarnir rikisins, Laugavegi 118, 105 Reykjavik, Island

Sammenfatning - Metoder for analyse av data fra arealdosemélinger i rontgendiagnostikk beskrives. Analysen er for
en stor del automatisert og bestar blant annet av en separasjon av fotografi fra gjennomlysning. Separasjonen baseres
pé et tidsbilde av rontgenundersokelsen (areaidose per tidsenhet), og fotografier skjelnes fra gjennomlysning ved en
korrelasjon med en kassebs!gefunksjon med samme bredde som den fotografiske topp. En benytter ogs4 fordelingen
av arealdosene til et estimat av sannsynligheten for spesieit hoye pasientdoser.

Innledning

Et landsomfattende program med malinger av arealdose i rontgendiagnostikk har pigatt i Island
siden 1994, Data fra undersokelser av mere enn 2000 pasienter fra 10 forskjellige
rontgenavdelinger fordelt pd 40 undersokelser foreligger. Malingene skal benyttes som en del av
et storre program for & ansl3 bidraget til den kollektive strélingsdose fra medisink virksomhet,
hvor den effektive dose beregnes fra méalingene med omregningsfaktorer utviklet ved NRPB [1].

Milingene kan i tillegg benyttes til & vurdere de enkelte réntgenavdelinger i forhold til et
landsgjennomsnitt {2], og et utvalg av undersokelsene kan ogsd vurderes med hensyn til nordiske
anbefalinger om strdledose i rontgendiagnostikk [3]. Slike sammenligninger bér imidlertid
komplementeres med en analyse av faktorer av betydning for strdledosen, s& som rérspenning,
film-folie kombinasjon og pasient tyngde. En separasjon av arealdose fra gjennomlysning og
fotografi, samt antall fotografier vil vare spesielt nyttig.

For noen stralingstunge undersdkelser, s& som intervensjonell neuroradiologi, er det av interesse
& vurdere virksomheten med hensyn til sannsynlighet for at deterministiske skader skal oppsta.
Ved & forutsette at pasientdosene fordeles log-normalt, kan sannsynligheten for at en spesifikk
straledose overstiges, beregnes pa grunnlag av et begrenset antall mélinger.

Metode

Malingene er utfort med PTW Diamentor M2 elektrometer med serielt grensesnitt til dator og
med mulighet for tilkobling av to transmisjonskammere. Méaleoppstilling er vist i figur 1.

[T]

Ic m:u-ju X  s—

Repistrert data

Undersdkelse

Pasient alder, tyngde, kjonn
Film/folie kombinasjon
Arealdose ved fotografering
Antall fotografier

Arealdose ved gjennomlysning
Gjennomlysningstid

Figur 1. Maleoppstilling ved arealdosemalinger.
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Datakommunikasjonen er basert pa "handshaking”, dvs. datoren sender en karakter som besvares
av elektrometeret ved transmisjon av de akkumulerte arealdosene fra de to réntgenrorene.
Elektrometeret er ikke nullstilt mellom transmisjonene slik at et plott av data som en funksjon av
tiden fra undersokelsens start, vil f en form som vist i figur 2. En kan her se fotografier som
omréder i plottet med oket gradient, og identifikasjon av fotografi og gjennomlysning kan baseres
p4 den antatte forskjell i eksposisjonsrate mellom de to teknikker. Det er imdlertid en begrensing
av hvor ofte en kan fi overfort data, og elektrometeret tdler ikke en frekvens over 2.5
transmisjoner i sekundet.
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Figur 2. Akkumulert arealdose som funksjon av tiden Figur 3. Arcaldose for hvert tidsintervall for samme
fra undersokelsens begynnelse for en ventrikkel understkelse som i figur 2.

dobbeltkontrast undersokelse.

For 4 lette den videre diskusjon overfores plottet i figur 2 til et tidsbilde, dvs. den akkumulerte
arealdose mellom hver datatransmisjon plottes som en funksjon av tiden fra understkelsens
begynnelse, se figur 3. Fotografiene vil her komme fram som topper over gjennomlysningen.
Imidlertid kan ogsd sees at begrensingen i transmisjonsfrekvensen medférer at korte
eksponeringer, mindre enn 0.1 sekunds varighet, og med liten eksposisjonsrate vil fa en
tilsvarende amplitude som i gjennomlysning. Den mest nzrliggende metode for 4 skille mellom
fotografi og gjennomlysning, & definere et nivé slik at amplituder overstigende nivéet klassifiseres
som fotografi, kan derfor ikke umiddelbart benyttes. Imidlertid kan forskjellen mellom
fotografiske amplituder og gjennomlysning dkes med folgende metode, hvor en benytter den
forskjellige form pé et fotografi og gjennomlysning. Tilsvarende metode har vart benyttet til
lokalisering av topper i et gammaspektrum [4]. Mens gjennomlysning gjerne strekker seg over
flere tidsintervall, begrenses et fotografi seg til et intervall. Ved & multiplisere verdiene i hvert
intervall med faktoren

¢ =2 " Y T M
hvor y; er amplituden i intervall nummer j, se figur 4, transformeres plottet i figur 3 til figur 5. En

automatisk prosedyre som legger inn et nivd som adskiller giennomlysning og fotografi vil nd vare
mere robust dersom den baseres pid verdiene i figur 5 enn i figur 3. Et nivd lik



gjennomsnittsverdien pluss et halvt standardavvik av de opprinnelige verdier, dvs. fra figur 3, har
f.eks. vist seg & fungere tilfredsstillende for undersokelser inneholdende bade gjennomlysning og
fotografi.
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Figur 4, Kassebolgefunksjon benyttet som filter til 4 oke Figur 5. Plott av understkelsen fra figur 3, hvor
fotografiske amplituder. forskjell 1 amplitude fra gjennomlysning og fotografi er
okt ved 4 benytte filteret fra figur 4.

Resultater og diskusjon

I figur 6 og 7 er vist eksempler pé fordelingen av arealdoser fra to undersékelser, thorax og colon
dobbeltkontrast. Fordelingene er basert pé det totale antall malte undersikelser fra alle hospitaler.
En kan spesielt legge merke til den betydelige del av arealdosen som fremkommer fra
gjennomlysning, nesten 70%, for colon dobbeltkontrast, som viser at dosereduksjon ved en
forbedret teknikk er mulig for denne undersékelse.

140 14
Gjennomanlttsverdier. Gjennomsnittsverdier.
120 1 Std. dev. i parentes 12 - Std. dev. | parentes
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n Anuall fotogr.: 2.2 (0.6) - Antall fotogr.: 14.5 (3.8)
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Figure 6. Fordeling av thoraxundersokelser, 774 Figure 7. Fordeling av colon dobbeltkontrast
observasjoner fra alle hospitaler. undersokelser, 76 observasjoner fra alle hospitaler.
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Tkke uventet er fordelingene log-normale, dvs normalfordelt pa en logaritmisk skala. Ved a plotte
den kumulative frekvensen med logaritmisk skala pa abscisse og med normalfordelt skala pa
ordinat, fremkommer en rett linje, se figur 8 og 9. En slik presentasjon av data kan benyttes til 4
estimere sannsynligheten for unormalt hoye arealdoser. Fra figur 9 kan f eks. sees at
sannsynligheten for at en pasient skal f3 en arealdose som overstiger 200 Gy-cm?, som tilsvarer
ca. 50-60 mSv effektiv dose, er 0.13%, dvs. at teoretisk vil kun 1 til 2 pasienter av 1000 bli utsatt
for en dose av denne storrelsesorden.
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Figur 8. Lognomalt plott av  kumulativ
fordelingsfunksjon av  arcaldoser fra  thorax
undersokelser, 774 observasjoner.

16 160 1600
Arealdose (Gy em2)

Figur 9. Lognormalt plott av kumulativ
fordelingsfunksjon  av  arealdoser fra  colon
dobbeltkontrast understkelser, 76 observasjoner.

Konklusjon

Introduksjon av arealdosemetre med grensesnitt til dator har dpnet muligheten for en grundig
analyse av rontgenundersokelser med hensyn pé teknikk og straledose. Utstyret benyttet i denne
undersékelse er imidlertid ikke godt nok til en tilfredsstillende analyse av mere avanserte
rontgenundersokelser som benytter andre radiografiske teknikker, si som 100 mm kamera og
digitale teknikker. Til det trengs en atskillelig hoyere transmisjonsfrekvens av data. Nér dette
skrives har imidlertid et nytt produkt med en transmisjonsfrekvens pé opptil 200 malinger i
sekundet blitt lansert, og en regner derfor med at analyse av ogsd de mere avanserte radiografiske
teknikker er mulig i nzermeste fremtid.

Metoden med kumulative log-normale plott av arealdosefordelingene, er av spesiell interesse &
benytte i intervensjonell neuroradiologi. For disse undersokelser har en i de senere ar observert
strilingsdoser som overstiger terskelen hvor deterministiske skader oppstar. Ved & foreta milinger
av inngangsdose, f. eks. med TLD, av en gruppe pasienter som gjennomgér en slik undersokelse,
kan sannsynligheten for at terskeldosen overstiges anslaes. En kan derfor utfra et begrenset antall
malinger ved en avdeling avgjére om spesielle foranstaltninger for & unngé for hoye stréledoser
er nédvendig,
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BEHANDLING AF GODARTEDE THYREOIDEASYGDOMME MED I-131
NATRIUMIODID I DANMARK 1990 - 1995

Niels Vinberg') og Klaus Ennow')
Sundhedsstyrelsen
Frederikssundsvej 2378

DK 2700 Brenshe)

Danmark

ABSTRACT

Antallet af indgivne doser I-131 natriumiodid til behandling af godartede thyreoideasygdomme i
Danmark er godt og vel fordoblet i perioden 1990 - 1995. Den gennemsnitligt indgivne dosis var i
1995 ca 425 MBq - i 1990 var den gennemsnitligt indgivne dosis 390 MBq. Incidensen af
godartede thyreoideasygdomme i Danmark har i perioden varet relativt konstant (ca 4000 nye
tilfeelde/dr). Stigningen i antallet af indgivne doser forklares dels ved, at denne behandlingsform
vinder stigende udbredelse pé bekostning af (iser) kirurgisk behandling, og dels ved, at man i
Danmark i stigende udstrakning ogsa behandler atoksiske strumaer med I-131.

Foredraget redeger for udviklingen i perioden og diskuterer de problemstillinger, stigningen giver
anledning til. Foredraget vil desuden komme ind pé de forhandlinger, der p.t. fores i EU med

henblik pd felles regler omkring stralebeskyttelsen ved denne behandlingsform, herunder filles
tilladte graenser for restaktivitet/administreret aktivitet i ambulante patienter.

“sotop-Apoteket og YInstitut for Stralehygiejne
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Apoptosis: Effects of ceramide and ionizing radiation

Bjtrn E. Sandstr¥m and Micael Granstr&m
FOAR NBC-Defence, S-501 82 Umed

Recent evidence suggests that ionizing radiation and various other stimuli such as tumor necrosis
factor-a and the Fas antigen signal through the sphingomyelin pathway to induce apoptosis. The
sphingomyelin pathway is initiated in the plasma membrane by hydrolysis of the phospholipid
sphingomyelin to generate ceramide by the action of sphingomyelinase. Ceramide then acts as a
second messenger to stimulate a cascade of protein kinases, protein phosphatases and
transcription factors like NF-kB to activate a common programmed cell death pathway.

To learn more about cell signalling in apoptosis and the cellular response to ionizing radiation we
compared the effects of the cell membrane-permeable ceramide analogue N-acetylsphingosine
with the response of the cells when exposed to ionizing radiation. Flow cytometry and agarose gel
electrophoresis were used to detect cell-cycle effects and apoptosis. A brief review of the field
will be given and a few early results will be presented.
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STUDIES OF RADIOACTIVITY IN DIALYSIS PATIENTS

C. Bauréus and E. Holm
Department of Radiation Physics
University Hospital of Lund
S-221 85 Lund

Sweden

Abstract

Dialysis could be an effective method for removing radionuclides from the blood-pool. Verzijl et al’ showed in
simulations that extracoporeal clearance could diminish the biological half-life of '’Cs by more than 50%. The
traditionally used Preussian Blue salts reduce the biological half-life of *’Cs by approximately 30%.

The objective of this project was to see how fast and effective a dialysis patient could get rid of radiocaesium after
intake and investigate other radiologically important radionuclides at dialysis.

The dialysis fluid was collected fractionally at every occation of dialysis. One could observe a fast accumulation
of radiocaesium at the beginning and a slower at the end of each dialysis. The amount of accumulated radiocaesium
decreased for each occation of dialysis both fractionally and totally.

The effective mean residental time in this study was 1 = 173 days for dialysis and 1 = 143 days for a ICRP
standard man. The biological halflife for dialysis was determined to 12£2 days compared with 70 - 100 days for
normally functioning clearance.

Intreduction

From radiation protection point of view, it is important to identify critical groups. Patients with
end-stage renal disease might constitute a critical group due to intake of radiologically important
nuclides. Dialysis could be an effective method of removing radionuclides from the blood-pool.
Up to date there has been very few publications concerning this field.

D. Josefsson et al’ discussed the effect of dialysis on radiocaesium in man. Josefsson showed
that there was a considerable reduction of *’Cs among the haemodialysis patients compared with
peritoneal dialysis patients and healthy persons. R. M. Culpepper’, however, focused on the
reduction of *'I by haemodialysis. He showed that the maximum clearance of *'l was achieved
24-29 hours after intake. J. M. Verzijl et al* showed in simulations that extracorporeal clearance
could diminish the biological half-life by 50%. The traditionally used Prussian Blue salts,
Fe,[Fe(CN)l;, from Heyl Chemischpharmazentische Fabrik in Berlin, reduce the biological half-
life by approximately 32%. Furthermore, Culpepper and Chang’, have studied the aspects of
radiation protection for personnel categories working with dialysis, when treating patients who
have received treatment with 'I shortly before dialysis.

The objective of this project was to see how fast and effective a dialysis patient could get rid
of radiocaesium after intake and investigate other radiologically important radionuclides at
dialysis.

Dialysis

Dialysis is a method of cleaning the blood of the patients with end-stage renal disease and can
also be used in emergency situations when dealing with poisoned patients. There are three types
of dialysis that must be discussed. The types in question are haemodialysis (HD), haemofiltration
(HF) and peritoneal dialysis (PD). They differ from each other with respect to how the blood is
cleaned. Waste products (e.g. urea) and electrolytes, such as sodium and potassium, are separated
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from the blood by the use of semipermeable membranes.

In PD the peritoneum acts as a semipermeable membrane with an effective area of 1,5 m’. A
dialysis concentrate that consists of salts is added to the peritoneal cavity and a gradient of
concentration arises. There is a diffusion over the membrane where small molecules are diffusing
faster than big molecules. There is also a transport of water over the membrane due to osmotic
active substances within the dialysis concentrate. Therefore the concentration of molecules is the
same on both sides of the membrane. There is an osmotic pressure when the water is transported
over the membrane to where the osmotic active substance is situated. After five hours the dialysis
fluid (now with water, waste products and electrolytes) is exchanged with fresh dialysis
concentrate.

The HD also uses diffusion and osmotic pressure over a membrane to clean the blood. Instead,
the membrane is outside the human body. This dead, semipermeable membrane is attached to a
machine. The membrane with an area of 1 - 1,5 m® is folded inside a tube to make it space-
saving. There is a constantly exchanged dialysis concentrate on one side of the membrane, on the
other side the blood flows. The dialysis concentrate consists of salts and an osmotic substance,
glucose. The HD is performed approximately five hours, three times a week.

HF uses the ultrafiltration which means that there is a difference in osmotic or hydrostatic
pressure over a semipermeable membrane outside a human body. Variations in the osmotic
pressure acts in the opposite direction of hydrostatic pressure. Therefore the molecules will be
pressed and sucked over the membrane. No dialysis concentrate is used in the HF so the filtrated
solution is replaced by a special concentrate of salts. The exact amount needed is measured by
the dialysis machine. The HF procedure reduces the dialysis time by one hour at each treatment.
Membrane

The membranes in HD and HF are different from each other. In HD the blood flows on one side
of the membrane and the dialysis concentrate/fluid on the other side. In HF the blood is led
through a capillary tube and the waste products are pressurised through the tube.

The clearance of the blood depends on the reduction of the concentrating of waste products and
electrolytes in the blood as a function of time. Dialysis is most effective in the beginning of the
treatment. In HD the normal clearance velocity is 200 ml/minute and in HF 400 mi/minute. The
water velocity is 500 ml/minute.

The membranes have different degrees of perviousness which is determined by a Sieving
coefficient, S = Cp/Cgzwhere G is the concentration in the dialysis fluid and C the mean
concentrate in the blood.

Retention
The retention’ at a time t after intake is
I‘(t) =a, * e—ln!‘tfl‘! + a, * e-lnz‘m
where T ,(eff) consists of two components, T1 and T2, and a, + a, = 1. The standard man used
by ICRP has a,= 0.1, a, = 0.9, T1 = 2 days and finally T2 = 110 days for radiocaesium.
One can calculate the effective mean residential time, 7, in the human body
Taiatysis = (@ ¥ T1 + 2, * T2)/In2

The biological half-life, Te = 1*In2.

For an ICRP standard man the effective mean resindetial time is 7= (0.1*2 + 0.9*110)/In2 days
= 143 days and the biological half-life is Te = 0.1*2 + 0.9*110 days = 99 days componated to
the physical half-life T, = 30 years.
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Material and methods

The objective was to determine the biological half-life of ¥’Cs during dialysis. Since persons
who need dialysis in a case of emergency use the artery, dialysis patients with very high
veinpressure (haemofiltration) were selected. The patients were given reindeer meat to eat with
an activity determined at the laboratory. The dialysis fluids from the patients during dialysis were
collected in intervals of 20 or 40 minutes. This procedure was done before as well as several
times after the meal following the normal dialysis scheme. The fluids were also collected from
the total dialysis after some weeks. The amount of dialysis fluid after each treatment was
approximately 130 litres. The patients were also measured with the whole body counter before
and after the meal.

A yield determinant, '**Cs, was added to the fluids. The fluids which had been collected during
the entire dialysis of 4.5 hours which was passed through cotton wound cartridge filters
impregnated with copper ferrocyanide, Cu,Fe(CN),, that absorbed the caesium. The filters were
dried and ashed at 450°C. The caesium in the fluids collected in intervals was coprecipitated with
copper ferrocyanide. This was done by adding equal amounts of K,Fe(CN), and Cu(NG,), to the
dialysis fluids. The precipitates were dried and like the ashed filters measured on a coaxial
Ge(Li)-detector with a resolution of 2 keV at 1332 keV.

Result

One could observe a fast accumulation of radiocaesium at the beginning and a slower at the end
of each dialysis for both male patients (see diagram 1 and 3). The amount of accumulated
radiocaesium decreased for each occasion of dialysis both fractionally and totally (see diagram
2 and 4). The total amount of '’Cs at each time of treatment is shown in diagram 5.

As discussed in the introduction the retention at a time t for an ICRP standard man is

I'(t) =0.1% e-anz*vz +09* e-lnz‘tfllo

where t should be expressed in terms of days.

There are two components of the half-life of *’Cs during dialysis. The fast one is calculated to
be 4.6+0.9 days for both patients. The slower one is 40+8 days. This gives us T1 = 4.6+0.9 days
and T2 = 40+8 days. The retention in our study is therefore

(D giaysis = 0.8 * eIn2'Ve6 | () 5 % o-in2*Ud0

which showes that r(t),,,, is determined mainly by its first term.
The effective mean residential time, T4, in this study becomes

Taayss= (8 ¥ T1+ 2, * T2)/In2 = 0.8%4.6 + 0.2*40)/In2 = 16.9 days

and the total effective biological half-life, Te s = Tgayss * 102 = 11.7 days.
The error of the measuring of radiocaesium is determined to be 20%.

Discussion

The dialysis removes the cesium rapidly. The amount of cesium removed decreases from
dialysis to dialysis. The cesium in the dialysis liquid decreases slowly throughout every
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particulary dialysis and the dialysis is therefore more effective in the beginning. The length of
the dialysis is limited by the patient’s well-being. In intervals of 20 minutes the reduction of
cesium is not particularly effective after about 200 minutes. After five dialysis occasions the
clearance of radiocaesium is reduced to a fifth of the first one, and therefore it is not necessary
to continue with the dialysis after that.

The retention of ’Cs during dialysis was determined to be

r(t)=0.1 * g2 4 (.9 * g0

Compared to the retention for an ICRP standard man the retention at dialysis 1s depending more
on the first term with shorter biological half-life and dialysis retention is therefore larger than for
the ICRP standard man.

The effective mean residential time in this study was 7, = 17+3 days. The ICRP standard
man has an effective mean residential time of T = 143 days. This is a difference of 126 days and
a considerably faster reduction of *’Cs by dialysis.

The biological half-life Te, in this study is 12+2 days compared with 99 days for the ICRP
standard man. This 1s a reduction by 87 days.

Dialysis is therefor an effective method of removing at least *’Cs from the blood-pool.

The fifth dialysis on patient EK (see diagram 4) is changed from HF to HDF (a modification
of HF) and therefore the activity from this dialysis differs from earlier ones. The HDF treatment
appears more effective than the HF.

The total estimation error in the analysis of radiocaesium is 20%.
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Diagram 1 - The activity of *’Cs in dialysis liquids per 20 minutes at six different occations for
patient TO. The first dialysis (I) was performed two days after intake. Dialysis II took place five
days after intake, dialysis III, IV, VI and VII took place seven, nine, fourteen and sixteen days
after intake, respectively.
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Diagram 1 - The activity of *’Cs in dialysis liquids per 20 minutes at six different occations for
patient TO. The first dialysis (I) was performed two days after intake. Dialysis Il took place five
days after intake, dialysis III, IV, VI and VII took place seven, nine, fourteen and sixteen days
after intake, respectively.
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Diagram 2. The accumulated activity in mBq at six different occations of dialysis for patient TO.
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Activity per 40 minutes - dilaysis patient B
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Diagram 3 - The activity of '*’Cs in dialysis liquids per 40 minutes at five different occations for
patient TO. The first dialysis (I) was performed two days after intake. Dialysis II took place five
days after intake, dialysis III, IV and V took place seven, nine and twelve days after intake,

respectively.
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Diagram 4. The accumulated activity in mBq at five different occations of dialysis for patient EK.
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An inexpensive phantom for quality control in dental radiology

Gudlaugur Einarsson and Tord P. Walderhaug
Icelandic Radiation Protection Institute

Abstract. A postal package containing a phantom and TLD chips, for routine quality control assessment of dental
radiographic equipment and film processing, has been developed. The phantom is made of PMMA material, with details
for visual and quantitative estimation of image quality of the imaging system. The phantom construction and intended
use is presented, as well as a software for evaluation and registration of phantom images. Examples from measurements
are given.

Introduction

The Icelandic Radiation Protection Institute has developed a postal package containing a phantom
with TLD chips, for routine quality control assessment of dental radiographic equipment and film
processing.

The package is based on an earlier postal survey of the dental x-ray units in Iceland, with a
package consisting of an industrial radiographic film, TLD chips and a questionnaire on the use
of each x-ray unit. This survey gave a fairly accurate picture of the use and of the absorbed
radiation doses, concluding that a wide range of doses was used for similar examinations and
equipment. Additional information of the quality of the imaging chain at each practice is therefore
of interest, and may together with information of the radiation absorbed doses be used in
optimising the radiographic procedure.

Materials and methods

The dental phantom is designed with the following criteria in mind:
1. Low production cost
Robust and light weight for easy transport by mail
Shall give information on contrast and resolution of the imaging chain
Can carry TLD ribbons for dose measurements
Be used with the most common size dental radiographic film (31 mm x 41 mm)
Easy to use for routine QC assessment by the dentist or his staff

AN

The phantom is made of PMMA material (see figure I and 2). A 0.3 mm Cu foil is fitted into the
phantom, for beam hardening and to simulate adequate tissue thickness. It contains an aluminium
step wedge (seven 1 mm steps) for visual and quantitative estimation of density and contrast. A
section for low contrast detail evaluation, consists of drilled holes of different sizes and depths.
There are four groups of holes with 3, 2, 1 and 0.5mm diameter. There are six holes in each group
with different depths (4, 3, 2, 1, 0.5 and 0.25 mm). Three wire meshes (with wire thickness of 0.4,
0.2 and 0.16 mm) make up the section for high contrast resolution. The phantom has also a lead
beam stopper that makes it possible to measure the background density of the film.

The package is sent by mail to dentists with instruction on its use. The dentist makes two

exposures, using his own films and the same exposure time. He then develops one of the films and
sends the package back to the institute, with both films. At the institute the TLD chips is
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measured and the second film developed in a standard way. Then the films are evaluated and a
report is printed.

Dental films that are exposed with the phantom are evaluated by measuring the densities under
the step wedge and lead beam stopper. Density in the middle of the step wedge is used as an
indicator of the film speed and density differences of steps 4 and 7 as an indicator of the film
contrast. By visual inspection of the section for low contrast detail, the number of holes visualized
in each group can be found. The number seen is dependent on contrast, spatial resolution and
noise in the imaging system, and as such it is a good indicator of the total image quality of the
system. The films are also inspected for development or handling artifacts.

A software for registration and reporting, has been developed, which prints out a report for each
dental unit. In this report, a contrast detail curve, based on visualized holes, is plotted, which
places the curves for films developed by the dentist in comparison with a film of recommended
minimum quality (see figure 3). The recommended minimum quality is based on more than 100
measurements made with the phantom. In figure 4 two contrast detail curves are plotted, for a
film with good image quality (line 1) and a film with inferior image quality (line 2).

Discussion and Conclusion

The low contrast objects in the phantom have large thickness compared to the widh, at least in
the higher contrast region. The angle under which the x-ray beam enters the phantom may
therefore influence the low contrast evaluation. Measurements with different angels show
however only a slight degration for the thinnest holes (1 and 0.3 mm). This degration is not
detectable for angels less than 5°. In the instructions for use the importance of correct positioning
is therefore emphasized.

The phantom was developed for the institute’s postal-inspection of dental x-ray practices. It is
also very well suited for routine quality control of radiographic procedures in dental practice,
since it is inexpensive and easy to use . The quality of a dental imaging system can be routinely
moritored by visual comparison of phantom images with a reference image. The reference image
can be made when the x-ray unit and development equipment and procedures are in optimal
condition. The phantom can help dentists to spot and identify exposure and imaging problems.
The phantoms production cost is about ~ US$100.
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Doses to Patients from Nuclear Medicine Examinations in Finland in 1994

Heliné Korpela

Finnish Centre for Radiation and Nuclear Safety
P.O. Box 14

FIN-00881 HELSINKI

Finland

Abstract A country-wide survey on the use of radiopharmaceuticals in diagnostics and therapy has been made in
Finland. A questionnaire was sent to all hospitals and institutes using unsealed sources in nuclear medicine
examinations and therapeutic treatments. For each procedure, the radiopharmaceutical used, the number of procedures
performed and the typical administered activity were queried. The survey gave detailed information on the types and
frequencies of nuclear medicine procedures performed in Finland in 1994. The number of nuclear medicine
examinations was 30,900 and that of the therapeutic treatments was 2,150. The frequency of nuclear medicine
examinations was 10 examinations per 1,000 inhabitants in Finland in 1994. *™Tc¢ was used in 85% of nuclear
medicine examinations. The effective dose from nuclear medicine examinations to the patients and to the population
was calculated. To caleulate the collective effective dose, the dose factors (mSv/MBq administered radiopharmaceutical)
given in ICRP Publication 62 were used. The collective effective dose to the patients was 220 manSv and the mean
effective dose to the population was 0.04 mSv per person in Finland in 1994.

Introduction

New radiopharmaceuticals, new applications of existing radiopharmaceuticals, and new alternative
methods continue to become available. Therefore a new country-wide survey on the use of radio-
pharmaceuticals in diagnostics and therapy was made in Finland. The aim of the survey was to
evaluate the collective effective dose to the patients and the mean effective dose to the population
from the nuclear medicine examinations. The survey also gave detailed information on the types and
frequencies of nuclear medicine examinations performed in Finland in 1994.

Materials and methods

A questionnaire was sent to all hospitals and institutes in Finland using unsealed sources in nuclear
medicine examinations and therapeutic treatments. The questionnaire was divided into three sections:
(1) nuclear medicine examinations of adults, (i) nuclear medicine examinations of children, and (iii)
therapeutic procedures. For each procedure, the radiopharmaceutical used, the number of procedures
performed and the typical administered activity were queried.

To calculate the effective dose, the dose factors (mSv/MBq administered radiopharmaceutical) given
in ICRP Publication 62 were used {1]. The dose factors given in ICRP Publication 62 are based on the
new tissue weighting factors given in ICRP Publication 60 [2].

Results and discussion

The number of nuclear medicine examinations was 50,900 and that of therapeutic treatments was
2,150. The number of nuclear medicine examinations decreased by 40% between 1982 and 1994. The
main reason for this is perhaps, that nuclear medicine procedures are replaced by new alternative
methods like ultrasonography, computed tomography and magnetic resonance imaging. The liver and
the thyroid scintigraphy are replaced by ultrasonography. Computed tomography and magnetic
resonance imaging are reducing the number of brain scans. The numbers of nuclear medicine
examinations and the radionuclides used in 1975, 1982 and 1994 are shown in Fig. 1[3,4,5].The
frequency of nuclear medicine examinations was 10 examinations per 1,000 inhabitants in Finland in
1994. The information obtained related to total of 16 radionuclides used for 86 different types of
examinations, although 20 of these accounted for over 85% of all examinations. Table 1 shows the
nuclear medicine examinations of different organs or functions.
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Figure 1. Nuclear medicine examinations in Finland in 1975, 1982 and 1994.

Tablp 1. Nuclear medicine examinations of different organs in Finland in 1994,

FUNCTION OR ORGAN NUMBER OF EXAMINATIONS % OF TOTAL
EXAMINED
Adults Children Total

Bone 20208 704 20908 41.1
Lung 7184 i4 7198 14.1
Stomach, G.I. tract 662 167 829 L6
Kidney and urinary sysiem 6927 2245 9172 18.0
Cardiovascular 6874 120 6994 13.7
Nervous system 1579 165 1744 34
Thyroid 2548 24 2572 5.0
Haematology 726 19 745 1.5
Additional imaging 722 48 770 1.5
examinations

TOTAL 47430 3506 50932 100

The frequency of different examinations have changed with time (Fig. 2). From all examinations 41%
were bone, 14% lung and 14% cardiovascular procedures. #mTc was the radionuclide of choice for
85% and "I for 4% of all examinations.
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The collective effective dose to the patients was 220 manSv and the effective dose to the population
was 0.04 mSv per person in 1994. The mean effective dose per examination was 4.2 mSv. The
numbers of nuclear medicine examinations and the collective effective doses to the patients from
different radionuclides are shown in Table 2. The use of the radionuclides **™Tc, **'I and 'TI
accounted for 95.6% of the collective effective dose.

Table 2. Use of radionuclides in nuclear medicine examinations and the collective effective dose.
*Other radionuclides are '“C, “’Ga, "*Se, '*’I and **Xe.

RADIONUCLIDE | NUMBER OF TOTAL ACTIVITY | COLLECTIVE % OF TOTAL
EXAMINATIONS | (GBg) DOSE (manSv) DOSE
oTe 43071 19582 136 618
B 2059 198 33 14.9
o1y 1801 182 42 19.0
12 914 57 23 1.0
Cr 724 23 0.04 0.0
Co/*®Co 560 0.2 0.09 0.0
M 450 20 43 2.0
() 402 1033 0.5 0.2
*F 282 63 13 0.6
e 185 61 0.3 0.2
Other radionuclides* 446 14 0.5 0.2
Total 220 100

The collective doses from the use of *'I in 1975, 1982 and 1994 are compared in Table 3. Ten
examinations with the largest contributions to the collective effective dose are shown in Table 4. The
large figure for the bone scanning is due to the large number of the examinations (41% of all
examinations), but that for myocardial scintigraphy is mainly due to the relatively large radiation dose
per examination (only 3% of all examinations).
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Table 3. The collective doses from the use of *'1in 1975, 1982 and 1994 (figures marked with * have
been calculated using the dose factors given by SSI {6]).

YEAR | NUCLEAR TOTAL COLLECTIVE |%OF TOTAL COLLECTIVE DOSE
MEDICINE COLLECTIVE |DOSE FROM 1 | COLLECTIVE | FROM '*'1 USING
EXAMINATIONS | DOSE (manSv) |{manSv) DOSE THE DOSE FACTORS

OF ICRP 62 (manSv)
1975 59350 344% 233# 67 350
1982 85340 434* 202% 46 303
1994 50920 220 33 15 33

Table 4. Nuclear medicine examinations with the largest contributions to collective effective dose.

NUCLEAR MEDICINE RADIO- RADIOPHARMA- EFFECTIVE DOSE % OF
EXAMINATION NUCLIDE | CEUTICAL USED | MEAN COLLECTIVE |TOTAL
(mSv) {manSv)
Myocardial perfusion | ion 23 40,5 18
Bone scintigraphy PmTe fosfates/fosfonates 3,5 33,7 15
Bone scintigraphy, whole body | *™Tc¢ fosfates/fosfonates 3,7 28,9 13
Myocardial perfusion, SPECT | *™Tc MIBI 8,4 25,5 12
Thyroid uptake Bl Nal 65 18,1 8
Lung perfusion i ¥ MAA 1,2 6,9 3
Brain perfusion, SPECT b 1 HMPAO 6,2 6,0 3
Lung ventilation b 1 Venticoll 10 4.5 2
Cardiac function, equilibrium | *™T¢ HSA 45 3,2 2
Lung ventilation PmTe Technegas 57 3,1 1
TOTAL 170,35 77
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Patient doses from CT examinations in Norway, with analysis of factors
affecting the effective dose, including specific clinical indications.

Olerud, H.M.

Norwegian Radiation Protection Authority (NRPA) ,
P.0. Box 55,

N-1345 @sterds, NORWAY.

Abstract

The patient doses from seven CT examinations were assessed based on the reported scan
techniques from 44 hospitals (49 scanners) in Norway. The dose assessments were done
according to the data and method published by the National Radiological Protection Board. The
mean effective doses were 2 mSv for examinations of the head, 10 - 13 mSv for examinations in
the trunk region and 4.5 mSv for examinations of the lumbar spine. Factors of 8 - 20 were
observed for the range of values of effective dose in a given type of examination over all scanners
in survey. Variations in reported scan volumes and differences between scanner models in survey
might each explain about 30% of this total spread in dose for a given examination type. A need
for image quality assessments in CT was seen, in order to compare scanner performance.

The survey also included dose calculations for examinations done on twelve specific clinical
indications. However, the reported scan techniques and resulting doses for a given clinical
indication still varied considerably over all scanners in survey. This emphasises the need for a
discussion on scan technique, both with respect to the number of slices, coach increment, tube
load, and the use of contrast. It was also seen a need to review the scan technique in order to
reduce the dose to radiation sensitive organs like the eye lenses and gonads, and for an overall
discussion on the reasons for requesting CT examinations in preference to conventional
radiological examinations or examinations not involving ionising radiation. The CT doses in
Norway were about 50% higher compared to a similar British survey. This might possibly be
explained by a larger part of scanners with shorter focus to axis distances presented in Norway.

There were about 70 CT scanners in Norway in 1994 ( 16.1 scanners per million inhabitants).
Based on the frequency of CT examinations in 1993 (50 examinations per 1000 inhabitants per
year) the contribution to collective effective dose from CT was estimated to 1000 manSv (0.2
mSv/inhabitant/year), it means about 30% of the contribution from diagnostic use of x-rays.

Reference : Olerud, HM. and Finne, LE. Computer-tomografi ved norske sykehus.

Undersokelsesteknikk og strdledose til pasient. StralevernRapport 1995:1 L. @steras: Norwegian
Radiation Protection Authority (1995). (Norwegian text).
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Individual radon exposure history
measured by an alpha track detector technique.

R. Falk, H. Mellander, L. Nyblom and L. Ostergren
Swedish Radiation Protection Institute (SSI), S-171 16 Stockholm

ABSTRACT

The lung cancer risk from exposure to indoor radon is assessed in epidemiological studies where the radon
exposure of the past is of considerable importance. The measurement of the long-lived decay products from “Rn
remaining on indoor surfaces is an alternative or complementary method to the traditional measurement of the
radon concentration currently used in assessing the previous radon exposure. A part of the short lived airborne
radon progeny will plate-out on surfaces in a room and a part of these decay products will be implanted into the
surfaces due to the recoil effect from an alpha decay.

An autoradiographic alpha-track method to assess the *'°Pb activity implanted in glass surfaces by
measurement of >**Po alpha activity has been developed and tested under field conditions. One limiting factor at
low exposure levels is the alpha background activity in the sub-surface material. In the search for a practical field
method, the use of two different alpha track detector materials has been found successful.

The KODAK LR-1135 cellulose-nitrate film is sensitive to alpha particles with energies approximately in the
range 1.2 - 4.8 MeV, while the CR-39 detector material is sensitive for alpha-particles up to higher energies. The
alpha-particles from ?'°Po have an energy of 5.3 MeV, and thus will not be detected in the LR-115 detector. By
exposing one LR-115 and one CR-39 detector side by side on glass panes, the background of the glass is
measured with the LR-115, and both the background and the signal by the CR-39 detector.

This combination of alpha track detectors, called RETRO-detector, can measure 2%y surface activity
below 1 Bg-m during field conditions. Measurements in dwellings show that a radon concentration of 50 Bg/m?
will give a surface activity of about 1 Bg/m” on a plate glass exposed to that radon concentration during 20 years.
The RETRO-detectors will be extensively used to support the exposure assessment in the planned radon
epidemiological study on non-smokers in Sweden starting in 1996.

Introduction

The statistical power and validity of studies of lung cancer and residential radon exposure
depend critically on the quality and reliability of exposure data. Due to the long latency period
between exposure and tumour manifestation the cancer incidence reflects radon exposure
years and decades backwards in time. The assessment of the cumulative past radon exposure
for each person is generally done by measurements of the radon concentration in the dwellings
where the person has been living. The results are then time-weighted by length of occupancy
in each home to obtain a cumulative estimate of each person's past exposure. The calculated
exposure is uncertain due to many reasons. The radon concentration measured today in the
dwellings may not be representative for past situations. Data for some past dwellings will be
lacking due to failure to find them or refusal to permit measurement.

The amount of long-lived decay products of radon, starting with *'°Pb (T,=22 y) and
remaining in dwellings, depend on past radon concentration. It has been shown (Samuelsson,
1988) that past radon levels in dwellings can be measured via long-lived decay products
implanted by alpha particle recoil in glass or other hard surfaces.
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Methods

The recoil range of the 2%} atom upon the alpha decay of 21%po is only about 0.1 um in glass,
and an almost ideally thin alpha source is formed upon the subsequent aipha decay of 10pg,
Laboratory measurements with a pulse ionisation chamber of glass samples show that the self
absorption in the glass is low and nearly all the alpha particles emitted have an energy close to
5.3 MeV.

In cooperation with colleagues in Lund, Dublin, Copenhagen, Gent and Mol, a field
measurement method has been developed. Alpha track detectors were chosen for the purpose.
These detectors have a high sensitivity to alpha radiation, insensitive to beta- and gamma
radiation, have a low background, are small and relatively cheap. When the 2194 activity on
the glass surface is low, the intrinsic background alpha activity in the glass will limit the
detectable *'°Po activity.

Two different alpha track detectors, (CR-39 and KODAK LR-115), are used simuitaneously
to separate the 2'°Po alphas from the background alphas. The KODAK LR-115 (cellulose
nitrate) detector is sensitive for alpha particles with energies within the energy range 1.2-4.8
MeV, while the CR-39 (polyallydiglycol carbonate) is sensitive to alpha particles with
energies from 1 MeV up to more than 20 MeV. As the alpha particles from *19p¢ emitted from
the glass surface has an energy close to 5.3 MeV they will not be detected by the LR-115
detector, while they will be detected by the CR-39 detector. By placing these two detectors
side by side directly in contact with the glass surface the LR-115 will have tracks from
background alphas only and the CR-39 will have tracks from both background and 210 pg
alphas. This combination of detectors is called a RETRO-detector.

Calibration and field test

Glass panes with known 2% surface activity has been used to calibrate the two detectors.
These glass panes have been measured with a well calibrated large pulse ionisation chamber at
Lund University (Johansson et al., 1992). Measurements on several different glass panes gave
the following relations

3

20py surface activity (Bq-m?) = (CR,, - 1.97-LR,)/0.081

where CR, and LR, are the net tracks/cm’ per hour of exposure of the detectors to the glass
panes. An exposure to an inactive surface of Plexiglas is used to assess the intrinsic
background of the two detector materials.

Applying this relation to repeated measurements of these panes both on the active side and
background side gave a correct value with a standard deviation of less than 1 Bq~m’2,
independent of glass background activity. More detailed information of the RETRO-detector
is reported elsewhere (Falk et al 1996).

To investigate the field characteristics of the RETRO-detector and the correlation between
today’s radon concentration and 1%y surface activity on indoor surfaces 31 dwellings were
selected. A part of the dwellings was inhabited by ssi-staff. Another part was dwellings
investigated for radon of other reason. All these dwellings had been monitored for radon
previously. The surfaces to be selected for a RETRO-measurement had to be in the dwelling
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for more than 20 years. With other constrains the most suitable items was a mirror in the
bedroom, the glass pane in a display cabinet, plate glass, the pane in a door between to rooms
and glass panes covering photos. The surfaces of the selected item were cleaned with water
and detergent. A piece of paper was applied to the surface for about one hour to let short-
lived radon daughter decay and protect the surface from fresh plate-out, before the RETRO-
detector was mounted. About three months later the RETRO-detector was removed from the
surface and attached to a clean Plexiglas pane for transportation and storage until they could
be etched in the laboratory. Two items in each dwelling were measured with a RETRO-
detector and the radon concentration in the same room were measured during the same period.

Result and discussion

Assuming that the RETRO-measured item had been in a constant radon concentration during
its whole existence in the dwelling with a constant plate-out rate, the measured surface
activities of *'®Po were normalised to 20 years of exposure of the item, taken into account
build up and decay. With this normalisation a comparison between the current measured radon
concentration and measured surface activity can be done in the same diagram. Figure 1, show
the correlation between the current radon concentration and ?'°Po surface activity measured by
the RETRO-detector. It can be seen that there is a poor linear correlation (r=0.56). In fig 2
the mean value of current and previous radon measurement is plotted as a function of
measured 2'°Po surface activity. Obviously, the correlation is stronger when a better radon
exposure is used.

The surface activity on glass panes today depends on many factors. The most important

factors are:

» Radon concentration and its variation with time for at least the last 20 years.

» Different plate-out rates for the actual surface, which depend on aerosol concentration, air
movements, ventilation rate and the place of the surface in the room.

Despite the simple assumptions made in this study it is clearly demonstrated that a
measurement with the RETRO-detector probably is as good as or better than a current radon
measurement when the aim is to estimate the previous radon concentration in a dwelling.

In an radon epidemiological study the assessment of the cumulative past radon exposure for
each person is generally done from radon measurements in the dwellings where the person has
been living. The cumulative exposure is then calculated as the sum of radon concentrations
weighted by length of occupancy in each home. The calculated exposure is obvious uncertain
due to many circumstances. An alternative to assess a person’s past exposure could be done by
one single measurement of '°Po activity on an object that has been in the persons possession
during most of his or her life. This approach will be used in the radon epidemiological study
on non-smokers in Sweden starting autumn 1996, with the aim to use one RETRO-
measurement for each person in addition to the common radon measurements in dwellings.
Although the *'°Po surface activity measured will give a large uncertainty in estimated
cumulative radon exposure, the data can be used for an independent classification in exposure
levels.
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Fig 1. Relationship between current radon concentration

and Po-210 surface activity
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Radon concentrations in new dwellings in Norway

Aleksandar Birovljev and Terje Strand
Norwegian Radiation Protection Authority
P.0.Box 55, 1345 Osteras

Results of a nation-wide survey of radon concentrations in Norwegian dwellings conducted from 1987 to
1989 have shown that the year average is between 55 and 65 Bq/m3 All 7500 dwellings measured in this survey
were built before 1980. In the period 1980 - 1995 approximately 440000 new houses were built.

Some of the 2500 measurements of radon after 1990 conducted mostly in detached and semi-detached
houses included aiso these new dwellings. The results of these measurements have shown clear tendency of
in~~-ased radon levels in the new compared to the old dwellings. In this presentation, an attempt is made to use
ir. mation from the new data set, and in particular the dependence of the radon concentration on the age of the
house to correct the average radon concentration found in the 87-89 survey. The present average radon
concentration in Norwegian detached and semi-detached houses has been estimated to be in the range: 68 - 74
Bg/m3.

The largest radon survey in Norwegian dwellings was conducted between 1987 and 1989.
The results of the survey have been revorted by Strand et al. [1]. In the following we extract
some of the results in the survey relevant for further discussion.

The 87-89 survey was based on radon measurements in approximately 7500 randomly
selected dwellings with at least one dwelling in each Norwegian municipality. The number of
measurements per municipality was p- »nortional to the population in the municipality. All we
measured dwellings were built before 1980. Alpha track detectors with at least two months
integration time were used in the survey. Radon concentration was measured in bedrooms
only with one alpha track detector per house.

The distribution of radon concentrations was found to follow log-normal distribution. The
average radon concentration in bedrooms was found to be 51 Bg/m’ and the median 26
Bg/m’. Starting with bedroom data and using information on building construction the
average radon concentration for the whole dwellings was estimated to be 56 Bq/m®. Further
corrections were necessary due to unusually mild winters in the measurement period.
Inclusion of these corrections gave the average radon concentration is most probably found in
the range 55 - 65 Bg/m’.

After 1990 a number of Norwegian municipalities conducted their own local surveys. In
1995 the municipalities reported approximately 3500 results of radon measurements to
Norwegian Radiation Protection Authority (NRPA). All the measurements were conducted
using alpha-track detectors over a period of at least 1 month, and in the cold season between
September and May. It is a part of these new data that we focus upon in this paper in an
attempt to estimate present radon levels.

203



Average radon concentration (Bq/m**3)

so-BR Rl . || EEm— B

Andebu = Farsund Flekkefjord Fredrikstad Mandal  Strand
Municipality

I 1051 - 1060 [l 1961 - 1570 ] 1971 - 1980 19811000 [ 1991 - 2000

Figure 1. Average radon concentrations in six Norwegian municipalities grouped by the
year the houses were built.

The most common types of dwellings in Norway are detached, semi-detached, row or
terraced houses. Close to % of the Norwegian population live in such houses. Incidentally
radon concentration in these types of dwellings is on average higher than in flats in multi-
storey buildings or smaller horizontally divided dwellings. About 92 % of the new data is
from detached, terraced, semi-detached or row houses. To compare the new data set with the
87 - 89 survey data set it is necessary to match the type of data considered. We shall therefore
narrow our focus and consider only detached, semi-detached, row and terraced houses in both
data sets. In addition we shall consider only bedroom measurements in the new data, since
only such measurements are available in the 87 - 89 data set.

In the new data set approximately 2000 measured dwellings were detached, semi-
detached, row or terraced houses. A subset of 1049 of these houses had a measurement in a
bedroom. Measurements in these 1049 houses are the basic new data set considered in further
discussion. It is assumed that the selected houses are close to randomly distributed within the
municipalities. But the municipalities themselves were not chosen randomly since they
conducted their local surveys at their own initiative. The municipalities in which high radon
levels were discovered in 1987 - 89 were more likely to conduct follow-up surveys. This
gives rise to a considerable bias in the new data set which is reflected in the overweight of
very high radon levels. In the new data set from six Norwegian municipalities (see Figure 1)
the average radon concentration ranges from 22 Bg/m’to 249 Bq/m’ with the average of 142
Bg/m® and the median of 94 Bg/m’. Table 1. shows the number of measurements, average
radon concentration and standard deviation for each municipality. If used directly, the average
radon concentration calculated from this biased data would most probably overestimate the
radon average concentration for the whole country.
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Municipality # of measurements | Average radon conc. | Standard deviation
(Bg/m) (Bg/m?)
Andebu 85 134 101
Farsund 199 22 20
Flekkefjord 50 69 194
Fredrikstad 549 189 226
Mandal 73 33 27
Strand 93 249 251

Table 1. The table shows number of measurements, average radon concentration and
standard deviation in each municipality.

An indirect way to use the information contained in the new data set would be possible if
there exist common parameters on which both unbiased (survey 87 - 89) and biased (new
1995 data) depend in the same way. If such parameter can explain the variation in the biased
data then it can also be used to indicate variation in the unbiased data.
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Figure 2. Variation of the total radon concentration in the six Norwegian municipalities as
a function of the year the houses were built.

Il Fiexietiord © . Fredrikstad [ Mandai

It appears that such a parameter is the age of the house. In Figure 1 the average radon
concentration is plotted against the year the house was built for the 6 Norwegian
municipalities that conducted radon measurements in 1995. The data show increased radon
levels in newer houses. This effect is most clearly seen in the municipalities Andebu,
Fredrikstad and Strand which all have radon levels above 100 Bg/m’. Similar trend can be
observed in municipalities with lower radon levels (< 70 Bg/m?): Farsund, Flekkefjord and
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Mandal, but the magnitude of the variation is less. Such patterns in the data have been
observed before in both Norway [2] and Sweden [3] and is usually ascribed to excessively
gas-tight building technique and insufficient ventilation in the houses built in seventies and

eighties.

Houses built in the nineties though have lower radon levels than houses built in the
eighties. It is believed that the very new houses which commonly have concrete floors are
airtight with respect too inflow of soil gas immediately after they are built, and perhaps a few
years after. However the concrete floor construction will gradually, over the years crack and
the leakage of the soil gas will increase. It is also assumed that the use of balanced ventilation
systems in some of the very new houses could account for the observed reduction in radon
levels. In Figure 2 the total radon concentration for the six municipalities in the 1995 data set
is plotted against the year the houses were built.

Data presented in Figure 1 can be, for the sake of simplicity grouped into two groups:
before and after 1980. This is shown in Figure 3a. In Figure 3b relative change in radon
concentration for the two groups of houses in each municipality are given. For the
municipalities with low radon levels this trend represents on average an increase factor of 1.1
(or 10%). High level municipalities on the other hand have trend of 1.5 (or 50%). These
factors will later be used to estimate the correction to the unbiased average radon
concentration found in the 87-89 survey.
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Figure 3. (a) Average radon concentrations before and after 1980. (b) Relative increase in

radon concentration for the houses built after 1980 compared to those built before 1980 in the
same municipalities.
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According to Central Bureau of Statistics [4] the following data concerning the numbers of
houses in Norway until year 1995 are available. Of approximately 1.336 million detached and
semi-detached houses in Norway, 0.288 millions have been built after 1980. The number of
detached and semi-detached houses in 1980 was approximately 1.048 millions.

Some assumptions have to be adopted in order to employ the above mentioned parameters
to estimate the correction. Firstly, it is assumed that there are different trends for
municipalities with low average radon concentration (RLL = 1.1) and high average radon
concentration (RHL = 1.5). Secondly, the average radon concentration in 1.064 mill houses
built before 1980 is assumed to be unchanged in 1995,

The 87-89 survey gives 56 Bq/m’ as the average for detached and semi-detached houses
with radon measurements conducted in bedrooms. The average concentration for the whole
house is then 61 Bg/m’, and with the estimated 10% correction due to mild winters 67 Bq/m’
is obtained. This value 67 Bq/m’is the unbiased average radon concentration: for the whole
country in the detached and semi-detached houses and the starting point for correction
calculation.

Instead of calculating a single value we may rather try to estimate the expected range
within which the present average radon concentration is expected to be found. The basis for
the correction is the dependence of radon level on the age of the house and there the two
relative trends RLL=1.1 and RHL=1.5 come in. For calculation of the lower boundary of the
expected range we may apply RLL, and for the upper boundary we use RHL. Thus we have
the following weighted average:

(67 Bq /m>x 1.048) + (67 Bg/ m’« RLL) x 0.288

= 68 B 3
1.048 + 0.288 a/m
for the lower boundary, and
67 B 7,1.048) + (67 B >« RHL)} x 0.288
{ g/ m ) { q/ m } - 74 Bq / o’

1.048 + 0.288
for the upper boundary. The weighing factors in these two equations are the 0.288 million

houses built in the period 1980 - 1995, and the 1.048 million houses that existed in 1980.

The average radon concentration in Norwegian detached, semi-detached, row and terraced
houses at present is estimated to be in the range 68 - 74 Bq/m’. The actual uncertainty is larger
than the estimated range implies, and the main contribution is assumed to be the use of single
parameter: the age of the house and the indirect method of correction. Similar procedure can
be applied to calculate other average quantities in the unbiased sample.
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Radonmiitning pi arbetsplatser i Sverige

Av Arne Straby, Arbetarskyddsstyrelsen, S-171 84 Solna

Abstract

Férekomst av radon och radondotirar i inandningsluft utgor en riskfaktor for lungcancer. Radon bildas genom sonderfall av
radioaktiva dmnen 1 berggrunden och i byggnadsmaterial.

For bostader och lokaler for aliménheten i Sverige har Socialstyrelsen faststalit gransvardet 400 Bg/m’ som arsmedelvirde
{or radongas. For arbetslokaler kommer enligt Arbetarskyddsstyrelsen ait giilla for underjordsarbete en hogsta arsdos pa 2,5
MBag/m’, vilket motsvarar ett grinsvirde pa 1500 Bg/m' som arsmedelvirde. For ovriga arbetsplatser ska 400 Bg/m’ giilla
som gransvarde, I bada fallen har man samratt med Statens Straiskyddsinstitut.

For gruvor och annat bergarbete har gransvirde {or radonexponering funnits lénge i Sverige, liksom &ven krav pa métning
av halten radon eller radondstirar. For ovriga arbetsplatser finns inget mitkrav. Det har darfor gjorts ganska fa sadana
mitningar. Déremot har man gjort omfattande métningar av radon 1 bostéder. De senasle ren har dock méatningar av radon i
lokaler av typ skolor och daghem genomlforts i vissa kommuner, men langt ifrén alla.

For att fa en battre uppfattning om radonsituationen pa vanliga arbetsplatser har Arbetarskvddsstyrelsen och yrkesinspek-
tionen genornfort ett métprojekt Yrkesinspektionen #r Arbetarskvddsstyrelsens regionala organ, som bedriver tilisyn pa
arbetsplatser och kontrollerar att de foljer arbetsmiljolagen och de foreskrifter som styrelsen har uttirdat med stod av iagen.

For att begrinsa omfattningen av projekiet viljs [rimst arbetsplatser dér man kan forvénta forhojda radonhalter. Exempel pa
sadana ér

1. lokaler 1 bergrum
2. lokaler i kallar-, souterring- eller botlenplan av byggnader pa radonriskmark
3. lokaler i hus som #r byggda i bl littbetong, frimst om mekanisk ventilation saknas eller misstinks vara otillracklig

For arbetsplatser pa lermark eller liknande utan sarskild radonrisk finns ingen anledning alt forviinta nigra hoga halter av
radon. Det finns da ingen anledning att lagga mitresurser dar.

Om hoga radonhalter patriffas kan yrkesinspektionen foreligga arbetsgivaren atl vidta atgérder mot detta. Radonbrunn och
mekanisk ventilation ér vanliga atgirder mot hoga radonhalter.

For projektets genomforande har matinstrument inkops, dels ett registrerande instrument (Alfaguard) med datorprogram {6r
utvirdering och behandling av métdata, dels av tvp elektret (E-perm). E-perm ger bruttohalt under métperioden, vanligen
nagra dygn eller en vecka. Alfaguard kan ge diagram med radonhaliens variation under dygnet, max-, min- och medelvirden.

Bakgrund

Foérekomst av radon och radondéttrar i inandningsluft utgor en riskfaktor for lungcancer. 1 Sverige
har risken med radon har fatt 6kad uppmarksamhet pi senare &r, och grinsvardet for radon i bostader
sinktes 1990. Statens stralskyddsinstitut har foreslagit dtgdrder frain kommuner och centrala myndig-
heter for att kartligga radonsituationen och &tgirda byggnader med hoga radonhalter.

Arbetarskyddsstyrelsen har atagit sig att inom sitt ansvarsomréde se over gransvirdet for radon,
overviga krav pa radonkontroll p arbetsplatser och utarbeta information om radon i arbetslokaler.
Fragan om gransvarde for radon pa arbetsplatser har remissbehandlats under varen 1996. 1 augusti
1996 faststilldes 400 Bg/m® som gransvirde for arbetsplatser, utom dar berg bearbetas under jord.
For dessa giller en &rsdos for exponering for radon pé 2,5 MBgh/m®. Med en arbetstid under jord pa
ca 1600 h/ar (36 h/vecka under ca 45 veckor/ar) motsvarar det ca 1500 Bg/m’.

Gransvirden och uppmitta halter av radon uttrycks numera vanligen som halt radon (dvs radongas),
vilket konsekvent tillimpas har. Forhallandet mellan halt av radond6ttrar och radon uttrycks genom
den s k jamviktsfaktorn, som ofta har satts till 0,5. Statens Strélskyddsinstitut har dock nu beslutat att
den ska anses vara 0 4, om man inte genom sarskilda méatningar har bestamt forhéllandet. For gruvor
kan forhallandet dock variera ganska mycket, och Strlskyddsinstitutet riknar hir dnnu med 0.5.
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Syftet med detta projekt ar att fa ett mitunderlag som belyser radonsituationen pa vira arbetsplatser.
Projektet ska ge svar pd fragan om hur det nya radongrénsvirdet kan efterlevas. Om ett krav pa
radonmitningar pd arbetsplatser ska overvigas, behovs ocksd ett gott underlag som medger upp-
skattning av kostnader.

Omfattning av projektet

I ett centralt projekt om radon har fem distrikt inom yrkesinspektionen deltagit: Falun, Linkoping,
Luled, Stockholm och Orebro. Yrkesinspektionen (Y1) i Sverige bestdr av 11 distrikt.

Val av mitplatser och omfattning av mitningarna har distrikten ftt gora sjilva, med beaktande av de
rad som projektledningen vid Arbetarskyddsstyrelsen har lamnat. Distrikten har redovisat resultat i
form av en kortfattad rapport frén varje arbetsstille ddr man gjort en miétning samt vissa samman-
stallningar och kommentarer.

Metod och miitinstrument

Radon kan matas pa tva olika sitt, med direktvisande instrument eller dosimeter. For kontroll av
radonhalt i bostéder 4r dosimeter den vanligaste metoden. Man hénger da upp en dosimeter, en liten
dosa som innehéller en filmremsa i bostaden under en viss tid, vanligen 1-3 manader. Sedan utvirde-
ras filmremsan pa laboratorium. Resultatet ger medelhalten under hela denna tid.

Filmdosimetrar ér enkla och bliliga men de har nackdelen att matning maste paga under ganska lang
tid. Dessutom kan de inte ge nigra upplysningar om hur radonhalten har varierat under mittiden.

Direktvisande instrument ar dyrare i inkdp och dven i anvandning, eftersom de kréver manuell han-
tering av utbildad personal. Men de ger snabba upplysningar om radonhalten och kan &ven kartligga
hur halten varierar under veckan och dygnet.

I detta projekt har anvints dels ett direktvisande instrument, Alfaguard, dels ett instrument, E-perm,
som fungerar som en dosimeter men kan anvandas under kortare tid 4n filmdosimetrar. Med E-perm
kan man mata under ett par dagar eller ndgon vecka. E-perm bygger pd en elektret, en laddad platta
som laddas ur av alfapartiklar frén sonderfallande radon. Avlisning sker med en voltmeter direkt efter
matperiodens slut. Man far darfor svar pd arbetsplatsen utan att behova skicka nagot till ett laborato-
rium for utvirdering.

Alfaguard dr ett avancerat registrerande instrument som innehéller programvara for utvardering i
dator. Man far medelhalt, max- och minhalt av radon samt diagram over haltens variation med tiden.
Detta ar en stor fordel vid matning av radon pa arbetsplatser, dir man ofta stianger av ventilationen
nattetid for att spara energi. I s fall stiger radonhalten under natten, och E-perm kommer att méta en
medelhalt som ar hogre 4n den personalen utsitts for pd dagen.

I projektet har E-perm ibland anvants som ett screening-instrument for att sortera ut platser med
hoga radonhalter, ddr man dd kan gora narmare mitning med Aifaguard Om E-perm ger en Iag halt

beh6ver man inte mata mer. Har ventilationen varit avstingd pé natten si vet man att exponermgen
under dagen &r dnnu ldgre dén den uppmitta medelhalten, och det racker.

Resultat
Av utrymmesskal redovisas endast sammandrag av resultat fran de fem distrikten.

YI Falun: Radonhalter mellan 50 och 960 Bq/m’ har uppmitts med E-perm, 28 mitvirden fran 18
olika arbetsstillen. Medelvirde: 243 Bq/m’, median 125 Bg/m’,
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Vid fyra foretag gjordes kompletterande matningar med skrivande instrument, Alfaguard. Hogsta
forekommande radonhalt vid nigon tidpunkt var ca 5000 Bq/m’ i ett kontor dar ventilationen inte var
i drift.

Y1 Linképing: Métningar har utforts januari - mars 1996. Radonhalter mellan 34 och 1226 Bg/m’
uppmittes med E-perm, 21 matvirden frén 15 arbetsstallen. Medelvirde: 165 Bq/m’, median 104
Bg/m’.

Y1 Luled: Matningar har genomforts under april och maj 1996. Maitobjekt har valts utifran
markradonkartor och omfattar frimst arbetsplatser i hogriskomraden for markradon. Dessutom har
nigra métplatser valts i hus byggda i blabetong, Radonhalter mellan <40 och 150 Bg/m® har uppmatts
med E-perm, 17 mat-varden fran 13 arbetsstalien. Medianvarde: <40 Bg/m’. Mitningar med
registrerande instrument Alfaguard visade eller bekraftade att halterna under arbetstid var laga, <40
Bg/n?’.

YI Stockholm: 1 Stockholms distrikt har matningar utforts vid foretag i fyra kommuner (Stockholm,
Sollentuna, Vallentuna och Uppsala). Radonhalten har métts med E-perm och i nio fall dven med
Alfaguard, vanligen i flera matpunkter vid foretaget. Métplatser har valts med hénsyn till
berggrunden. Radon-halter mellan ca 0 och 1000 Bq/m’ har uppmitts med E-perm, 40 métvirden
fran 17 olika arbets-stallen, mitning 5-8 dygn under tiden 29/1 - 28/2 1996.. Medelvirde: 197
Bq/m’, median 68 Bq/m”. ‘

Vid nio foretag gjordes kompletterande métningar med skrivande instrument, Alfaguard. Instrumentet
kan stallas in p& en métperiod av t.ex. en timme och ger dd medelhalt under denna timme. Det ger
iven osikerheten i matvardet samt summerar och beraknar medelhalter samt anger hogsta och lagsta
halt under métperioden. Mitningarna utfordes under tiden 29/1 - 22/2 1996. Diagram 1-6 aterger
radonhaltens variation under métperioden.

YI Orebro: 1 (")rebro-distriktet genomfordes métningar pé ca 30 arbetsplatser, belagna i
Vistmanlands lin och Orebro lan. Mitningar utforda med E-perm under 3-14 dygn i mars 1996. Alla
resultat har dnnu inte inrapporterats, men nigra hogra halter foreligger (=1000 Bg/m?), bl.a. frdn
kyrkor.

Sammanfattning

Projektet visar att radonhalten kan variera ganska avsevirt mellan olika arbetsplatser, dven mellan
sidana dér man tror att den bér vara ungefir densamma. Markforhéllanden och ventilation betyder
mycket for radonhalten i lokalerna. Matning pa arbetsplatser dér det fanns blé lattbetong i viggarna
gav ganska laga halter. Det fir tolkas som att markradon betyder mer an radon fran byggnadsmate-
rial. Detta har iakttagits tidigare ocksd. P4 arbetsplatser har man vanligen mekanisk ventilation och
allts3 inte de problem som kan finnas i villor av bla lattbetong med bara sjalvdragsventilation.

Mitning med E-perm kan anvindas som screeningmetod for att sortera ut arbetsplatser ddr radon-
halten ar klart forhojd. Eftersom E-perm miter medelhalten dygnet runt under hela mitperioden,
miter den sillan den faktiska exponeringen for radon. De flesta arbetsplatser 4r obemannade nattetid,
och d ar det vanligt att ventilationen stangs av eller minskas patagligt for att spara energi. Brutto-
halten ger d4 en ovre gréns for vad halten kan vara under dagen: man vet att den &r klart lagre men
inte hur mycket ligre. Matning med Alfaguard har i en del fall gett den upplysningen i projekfet.

Hur ventilationen inverkar och hur lang tid det tar att viidra ut en hog radonhalt som har byggts upp

under en natt eller en helg kan man studera i diagrammen. Observera att métperiodens lingd ar olika i
olika diagram.
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Diagram Foretag A visar haltens variation under en hel vecka med borjan en mandag. Man kan se hur
halten vanligen stiger under natten och sjunker under dagen. Halten &r lagre under helgen, vilket kan
forvina. Det kan ha samband med att processventilation som ar igéing bara ibland skapar ett
undertryck som far mer markradon att licka in, och under helgen finns inget sddant undertryck.

Nista diagram Foretag B omfattar bara tva hela dygn och visar en typisk stegring av radonhalten
nattetid nar ventilationen ar avstangd. Foretag F, matning en hel vecka, visar samma regelbundna
dygnsvariation under veckan men ett annat utseende under séndagsdygnet, di ingen ventilation
sanker radonhalten pa dagen.

Diagram Foretag L visar tydligt effekten av nattens uppbyggnad av radonhalten och den snabba
sankningen nar ventilationen satts igang p& morgonen. Ventilationen har uppenbarligen mycket god
luftomsattning. Foretag M (tva hela dygn) visar nigot liknande.

Det sista diagrammet Foretag P visar hur radonhalten stiger under en helg och ar sirskilt upplysande
med mycket hoga halter nar ventilationen satts igdng mandag morgon. Mitningen omfattar torsdag
morgon - tisdag morgon. Vi ser den relativt mattliga uppbyggnaden av radon under tre natter mellan
arbetsdagar och den mycket kraftiga stegring som bérjar fredag kvill och nér ca 2500 Bq/m’ under
sondagen. Arbetsplatsen lag liksom nistan alla de uppmitta i distriktet pi en grusds. Ventilationen ar
fullt tillracklig for att sinka radonhalten till 1aga nivéer nér den vil sitts igang.

Man bor ta hansyn till tiden som krivs for att bygga upp resp vidra ut en viss radonhalt nir man
véljer tiden for att sl av resp sitta pa ventilationen. Man bor inte vilja den bara efter arbetstiden
utan hellre sla av och pé en eller ett par timmar tidigare.

Genomgaende visar de flesta arbetsplatser ganska liga radonhalter, trots att de har valts med hansyn
till markforhallanden m m, alltsa efter var man kunde befara forhojda halter. Aven t. ex. en arbetsplats
i Stockholm som 4r helt inspréngd i berg hade 1&g radonhalt (ej matbar med E-perm). Forklaringen &r
att det 4r en bilverkstad med tillrackligt dimensionerad ventilation. Dessutom hade man dar Ventliatto-
nen igang dygnet runt,

Ett resultat av projektet 4r att radonsituationen pa landets arbetsplatser inte ar alarmerande utan att
man som regel klarar det nya gransvirdet.

Arbetarskyddsstyrelsen har nu faststilit de gransvirden for radon som redan namnts. I samband med
detta har dvervigts om nagot krav bér stallas pa arbetsplatserna att kontrollera radonhalten, dvs visa
att man klarar gransvirdet. Resultatet av projektet indikerar dock inte att ett sddant krav behovs.
Enligt foreskrifterna om hygieniska griansvarden giller redan att om det finns grundad anledning miss-
tdnka att amne finns i sidan halt att tillampligt hygieniskt gransvirde overskrids, skall forhallandet
snarast utredas. Ndgot krav utéver detta dr knappast motiverat nir det giller radon.

For arbetsplatser under jord och en del arbetsplatser i kallarplan och liknande pa radonriskmark kan
sadana misstankar finnas, och d4 bor man mita. Men for de flesta arbetsplatser finns inte anledning till
sadana misstankar, och da ger det inte s& mycket att lagga mitresurser pa radon.

Arbetarskyddsstyrelsen har publicerat mer fullstindiga resultat i en rapport, Radonmitning pa
arbetsplatser, Rapport 1997:2.
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Criteria's in evaluating thorax counting results of uranium fuel
fabrication operators.

Jorgen Gustafsson, atojogu@qm.ato.abb.se

ABB Atom, Safeguards and Safety

721 63 Visteras, Sweden.

Abstract

During the manufacturing in a nuclear fuel fabrication plant the employees are exposed
to uranium materials of various characteristics.

Due to the low specific activity of commercial uranium (60 kBq/g) and most decays
without significant gamma/beta contribution the Health Physics interest is mainly to
minimise surface- and airborne contamination. All operators at ABB Atom are
controlled at predetermined intervals by a specific thorax counting on determining
inhaled uranium contamination. In determining the correct uranium lung burden
chestwallthickness (CWT) has to be corrected for. If no correction is made the average
ABB Atom employee CWT (24,5 mm) will cause an underestimation of 8,6 %.

A very high Cs-137 body burden sometimes could mean there is a problem in accurately
determining the true U-235 lung burden. This paper explains the decision taking for
some of the object characteristics determining the thorax counting results at ABB Atom.

Introduction
Assessment of uranium contamination due to inhalation comprises several parameters in
determining a true lung burden.
Some of these parameters influencing the result are:
1. Sources
Enrichment, chernical characteristics and particle (aerosol) size.
2. Contamination route
Acute or continuos intake (inhalation and/ or ingestion).
Matrix or non matrix distribution of the lung burden.

3. Timeliness
Equilibrium uranium/uranium daughters.
4, Measurement equipment and method

High or low resolution gamma spectroscopy, calibration practice and
background subtraction.

5. Object characteristics
Male or female, fat or thin, tall or small, skin contamination on chest surface or
other parts of the body, ingestion of food containing Cs-137 food prior to
measurement.

Background.

The ABB Atom fuel fabrication plant has been in operation for more than 25 years. The
way of handling the uranium materials comprises several steps from conversion of UFg,
blending of powder, pelletising, pellet loading into rods and assembling as well as
recycling of various uranium compounds by the use of dissolution and extraction
techniques.

Commercial uranium on average has an isotopic mass enrichment of 3 % U-235. This
means for each gram of uranium a total alpha activity of approximately 60 kBq.

Due to the decay and the various chemical processes the daughter products might be in
equilibrium or disequilibrium with the uranium isotopes. In the different workshops
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both male and female operators are exposed to uranium containing materials. All
operators working with unsealed uranium material are regularly assessed upon U-235
lung burden by the use of a high resolution gamma spectrometric analysis on the U-235
gamma's penetrating the chest wall.

Material and methods.

The ABB Atom lung burden analysis is performed in a special steelroom having a
reduced background radiation. In total 3 individual 70 mm, 2 cm thick HPGe detectors
are used. The array of these detectors is shown in figure 1.

Figure 1. Detector set-up in the low background room used for the lung burden
measurement of fuel fabrication operators.

Spectral distribution
(Phantom 500 Bq U-235)
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Figure 2. The spectral distribution for a typical 2400 s calibration- measurement using the
livermore phantom labeiled with 500 Bq U-235 (3 % enrichment).
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Analysis of the pulse height distribution is based on predetermined energy regions. See
table 1. For routine measurements on fuelfabrication operators the count rate is very
much lower. Automatic peak search routines usually fail in finding the appropriate
uwranium peaks.

For calibration purposes a special Livermore thorax phantom is used (Ref 7). This
phantom enables activity calibration by the use of uranium labelled lungs as well as
background correction. In figure 2 , a typical phantom calibration spectra is seen.
During routine measurements all measured objects are assumed having the same
physical shape, ed. chest wall thickness and lung size.

However, if significant uranium contamination is expected determination of the true U-
235 retention from an intake needs a more thorough analysis of the actual object
characteristics.

From the printout of a lung burden measurement the result is presented as:

1. Eq U-235 (U-daughters at 63, and 94 keV)
2. U-235 (143 and 185 keV)

3. Average U-235 (weighed)

4, Cs-137

5. K-40

6.

Misc, (Co-60, etc.)

The Eq U-235 and the U-235 results could be further resolved in the various regions
adequate for the analysis.

If the average result shows a U-235 lung burden of more than 5 Bq U-235 the result is
always followed up by a new measurement a few days later,

Absorption in the chest wall might be significant and has to be corrected for. Table 1
shows some different situations of interest where the CWT- influence is considered.
As shown in table 1 the interpretation of the average U-235 result might be over- or
underestimated due to CWT.

Table 1. U-235 lung burden results (Bq-U-235) for various CWT.
(CWTref is the phantom chestwall thickness)

keV CWT=CWTrer CWT<CWTre CWT>CWT,er
63 5 9 3
94 5 7 4
Eq U-235 . 5 8 3
143 5 7 4
185 5 6 5
U-235 - S 6 5
Average U-235 - 5 7 4
Cs-137 200 250 190
Results

The individual and median CWT (24,5 mm) for the fuel fabrication operators at ABB
Atom is shown in figure 3. In the figure the area +/- 10 % deviation from the true value,
the typical ABB CWT and the reference Phantom-CWT used for activity calibration
purposes is shown.
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Frequency of chestwall thickness based on
empirical relation to size and weight and
the resulting deviation for the lungburden

asessment of ABB Atom operators. i
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Figure 3. The area within +/- 10 % accuracy compared to the true lung burden (vertical lines).
The corresponding distribution of the actual employee CWT at ABB Atom (shaded).

For calibration purposes the livermore phantom might be used with chest plates
corresponding to a CWT of: 15.33, 21.3, 27.7, 32,4 or 39,8 mm. The phantom reference
CWT is based on direct thickness measurements of the plates. All employee CWTs are
based on the empirical formula:

CWT (mm)=45,7*W/(H)+4,4
where: W is the weight in kg and
H is the height in cm.

This algorithm has been used elsewhere (Ref 2) for lungburden analysis and shown to be
accurate enough for most thorax measurements on males. Roughly 60 % of the ABB
Atom employees has a CWT between 19.4 and 25.2 mm. This is in accordance with
data on other employees working in fuel fabrication industries. However it is recognised
that other techniques exists (ultrasonic devises) and various algorithms taking also body
parameters as chest circumference and fat content into account ,the W and H parameters
are always measured at ABB Atom.

In selecting the adequate chest wall plate the one which amounts to 21.3 mm was
chosen at ABB Atom, although the average employee CWT is 24,5 mm which means an
underestimation of 8,6 % or a false low result of 4,5 Bq U-235 when the accurate value

would be 5 Bq U-235.

During routine lung burden analysis a diagram as shown in figure 4 is used in
determining the need for special CWT correction.
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+ Figure 4. Area of acceptable error for various kind of body shape. Lines are indicating analysis yield
compared to true value,

Besides chest wall thickness also the body burden of K-40 and Cs-137 is influencing the
lung burden analysis of inhaled uranjum.

As could be seen in figure 5 the body burden of ingested and retended Cs-137 has a
strong influence on the U-235 MDA. Employees ingesting a lot of wild animal meet do
normally have a higher MDA. A very high Cs-137 body burden sometimes could mean
there is a problem in accurately determining the true U-235 lung burden. Some
investigations on measurements of ABB Atom employees shows no correlation
between Cs-137-K-40 body burden. The influence of Cs-137 is nowadays not as strong
as it was during the first 5 years after the Chernoby fallout,
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Minimum detectable activity of U-235 in the ;
lung for various analyses and different
bodyburden activities of Cs-137 or K-40
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Figure 5. The U-235 MDA for various body burden of Cs-137 and K-40.

Conclusion

In determining the true lung burden of inhaled uranium compounds the CWT correction
might be important. Based on weight and height a simple empirical calculation formula
will give a CWT approximation.

At ABB Atom this approximation shows that lung burden analysis will be accurate
within +/- 10 % for most of the employees.
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NORM in Oil Production -
Occupational Doses and Environmental Aspects

Irene Lysebo, Aleksandar Birovljev and Terje Strand
Norwegian Radiation Protection Authority
P.O. Box 55 N-1345 Osteras, Norway

Abstract

Radioactive deposits, often referred to as LSA (Low Spesific Activity) scale, can under certain circumstances be
formed inside production equipment in oil production. These deposits contain elevated levels of radioactivity,
mainly ?°Ra, **Ra and their daughter products, and represents a waste problem for the oil industry.

Most of the radioactivity from the reservoir is disposed with produced water in to the sea, Extensive measurements
of levels of radioactivity in produced water and LSA scale have been performed for several North Sea instaliations,
and some of the results will be presented.

External exposure to workers has been measured during typical operations both off shore and on shore involving
handling of contaminated equipment. Because of the low ALI values of the radionuclides in question, the potential
internal exposure to workers is of particular importance. Release of dust from contaminated items is not found to be
significant during normal operations, but internal hazards are still considered to be of major importance when
discussing the potential exposures.

Several alternatives for waste disposal are under advisement by the Norwegian authorities, and these alternatives
will be discussed.

Future work will consist of development of reliable methods for classification of equipment as above the exemption

level or not, harmonisation of legislations and guidelines among the North Sea countries, and development of
standard routines for handling contaminated equipment.
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Introduction

Enhanced levels of radioactivity in deposits in North Sea oil production were first discovered in
1981, and are now found in the production system of several of the North Sea oil fields. The
activity concentration in the deposits range from background level to several hundred Bg/g of
2Ra (Smith 1987).

Deposits can be divided into two main categories; sulphate- and carbonate deposits. Sulphate
deposits consists mainly of barium sulphate (BaSO,), while carbonate deposits consist of
calcium carbonate (CaCO,).

Sea water is injected into the reservoir to maintain the pressure as the oil is removed. Mixing of
sea water and formation water creates an incompatible solutions, and sulphates (mainly BaSO,
and SrSO,) are precipitated. The dominating radioactive elements in geologic formations in the
sea floor is potassium and the elements in the uranium- and thorium series. Radium exists in
both series as 2*Ra and ?*Ra. Radium will under certain circumstances leak from the formation
and be dissolved in the formation water. Like barium and strontium, radium is part of group I1A
in the periodic chart and have similar chemical properties. Consequently radium is
coprecipitated with barium and strontium as radium sulphate (RaS0O,), even though its solubility
product is not exceeded. Turbulent flow in the production system will then cause the
precipitated sulphate salts to attach to the walls and form deposits with enhanced levels of
radioactivity. These deposits are often referred to as LS4 (Low Spesific Activity) scale.

Carbonate deposits is formed as a result of both pressure and temperature in production strings
decreasing with distance from the reservoir. The solubility product of carbonate decreases and
calcium carbonate is precipitated. These deposits do not contain enhanced levels of
radioactivity.

Materials and methods

Gamma spectroscopic measurements on samples of LSA scale and produced water were carried
out at the Low Level Gamma Laboratory at the Norwegian Radiation Protection Authority,
using High Purity Germanium (HPGe) detectors. The activity concentration of each
radionuclide, related to a specified reference time and the density of the sample, were
calculated.

Measurements of external exposure to workers were carried out using Harshaw
thermoluminicense dosimeters, of CaF,:Dy (TLD-200). The detection limit is approximately
2,5 uGy for ®Co. During field measurements, four TLD’s are installed in a plastic badge, of
which two of them are shielded on both sides by circular filters of 2 mm brass. The filter
smoothes out the energy response in the range of approximately 60 - 200 keV. The TLD's are
individually calibrated before exposure, and the individual uncertainty is reduced to
approximately 1%. For further details on this method of TLD measurements, the readers are
referred to Wehni (1993).
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Activity in produced water and deposits

Produced water
The samples were taken during normal operation and analysed at the NRPA. The results are

shown in table 1.

Table 1. Activity concentration (in Bg/l} of 226Rq and 228Ra in produced water, and amount
of water per day.

“Platform no. | Sampleplace | - *Ra | - 2Ra . | Amount,m’/day =

1 Flotation cell n.d. 03-0,6 n.m.

1 Degassing tank n.d. 0,5-0,7 n.m.

2 Flotation cell 3,5 1,5-4,2 2229 - 3020
2 Degassing tank | 0,7-7,6 0,5-1,4 15661 - 17545
3 Flotation cell 1,9-25 1,7-2,1 2078 - 2168
3 Degassing tank 2.2 24-27 n.m.

4 Flotation cell n.d. 1,3-2,0 11602 - 11979
5 Flotation cell n.d. 1,7-4,3 14724 - 18000
6 Flotation cell 1,3 0,5-1,8 12675 - 12765
7 Degassing tank n.d. n.d. 2385 -2477
8 Degassing tank 2,5 1,1-3,3 n.m.

9 Degassing tank 10,4 10,0 n.m.

10 Degassing tank 7,7 7,8 n.m.

11 Valve 3,0-5,6 08-1,1 n.m.

n._d. : not detected. n.m.! not measured,

With reference to table 1, “*Ra and ***Ra activity concentrations appear to be in a narrow range,
0,7 - 10,4 Bq/l for **Ra and 0,3 - 10,0 Bg/l for “*Ra. The concentrations are 100 - 1000 times
higher than the usual concentrations in the North Sea (IAEA, 1990). The measurements lie in
the range of measurements of activity concentrations in produced water in USA, Russia and
Germany (Snavely, 1989 and API, 1991).

Deposits
Samples of LSA scale, sludge and sand was taken from equipment like pumps, valves and

separators during revision stop summer 1995, The samples was analysed at the NRPA. The
results are shows in table 2.

Table 2. Activity concentration (in Bg/g) of 226Rq, 228Ra and 210pb in solid samples.

samples - | (# measurements) *
Hard LSA scale |15 4,0-323 2,6-33.5 0,1-03(5)
Porous LSA scale | 13 03-24,2 03-1838 0,1-02(3)
Sand 26 0,1-219 0.1-12.7 0,0-05 (8)
Sludge 15 01-4,7 0,1-46 0,3-0,7 (@)
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Table 2 shows that hard LSA scale have higher activity than porous LSA scale. The raw data
shows that 11 of 15 samples of hard LSA scale and only 3 of 13 samples of porous LSA scale
have activity above the Norwegian exemption level of 10 Bg/g of **Ra. Hard and porous LSA
scale are suspected to consist mainly of sulphate and carbonate salts, respectively, and further
analysis will be conducted to verify this. The sand samples show a wide range of activity. These
samples are mainly taken from separators decontaminated with high pressure sand jetting, and
the samples contain varying amounts of sand. The activity concentration in sludge appear to be
in a narrow range. The activity of 2'°Pb are generally low in all samples, opposite to what have
been found in for example the Netherlands.

Occupational exposure

External exposure
A total of 20 measurements of external exposure to workers during cleaning and handling of

contaminated equipment have been carried out by the NRPA. Only one of the measurements
showed a doserate above background. This measurement was carried out on shore during
cleaning of contaminated tubulars. The doserate was calculated to 0,024 mSv/y, taken into
account that on shore workers in Norway are estimated to be in contact with contaminated
equipment 10% of total working time (@rgersen, 1996). These estimates are in accordance with
results from England and USA where doses are reported to be 0,027 and 0,032 mSv/y,
respectively (Kristensen, 1994).

Internal exposure
The NRPA have not carried out measurements of internal exposure off shore. Two

measurement of dust generation was carried out during different cleaning operations on shore.
The first operation was cleaning of pall rings, using high pressure water jetting inside a closed
compartment. No dust generation was measured. The second operation was cleaning of
contaminated tubulars, also using high pressure water jetting. The dust generation was 0,2
mg/m’, and the activity in the dust was 30 Bq/g of **Ra and 20 Bg/g of **Ra. Assuming a 3:1
relation between “*Ra and **Ra, and an AMAD of 1 um (Kristensen, 1994), the dose was
calculated to be 0,046 mSv/y, using LUDEP 2.0. ( Jarvis 1996).

Waste disposal

Radioactive deposits represent a significant waste problem for the oil industry. Since the
problem was discovered in 1981, waste from cleaning of contaminated equipment has been sent
to a temporary storage facility at Kjeller, north of Oslo. The total amount of LSA scale waste
stored at Kjeller is at present about 80 tonnes, with a mean activity of 25 Bg/g of **Ra. The
expected amount in the future is 20 tonnes per year.

In 1995, a temporary exemption level of 10 Bg/g of **Ra was introduced by the NRPA. All
waste from the oil industry with activity above this level is defined as «radioactive waste.
Originally, this waste was to be sent to the national depository for final storage. It has now
become clear that the amounts of waste will exceed the amount expected when planning the
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depository, and the authorities have decided that the oil industry is responsible for finding other
solutions. A working group representing the oil companies, headed by the OLF (the Norwegian
Qil Industry ."ssociation), suggests four alternatives:

e R 'nject! » into abandoned wells or by hydraulic fraction. Most equipment is taken on shore
t. . deconiamination. Whether or not the London and OSPAR convention allows that waste
is taken off shore after cleaning needs to be clarified.

e Storage at Langeya. Langeya is an island in the Oslo fjord used for storage of inorganic
waste. [angeya does not have a licence to store radioactive waste, and a new licence is
needed before this storage option is available for the oil industry.

¢ Export of contaminated equipment. Norwegian cleaning companies does not have the
necessary competence to decontaminate complicated pumps and valves. The equipment will
be sent to cleaning companies abroad for decontamination and recycling.

* Release of waste into the sea. Cleaning of separators, tanks and some pumps and valves takes
place offshore. According to the London and OSPAR convention, the waste from
decontamination off shore can be released into the sea.

These solutions are currently under advisement by the Norwegian authorities.

Conclusions

When handling equipment contaminated with LSA scale, it is important to take the correct
safety and protective measures. These measures should concentrate on limiting the inhalation of
dust, and includes:

¢ Creating controlled areas for cleaning of contaminated equipment
¢ Keeping the LSA scale wet during cleaning
¢ Use dusts masks and protective clothing

Using these protective measures, the doses to workers will be low. Intemal doses are about two
times the evternal doses.Deposits with enhanced levels of radioactivity represents a waste and
storage for e oil industry. Solutions for storage must be in accordance with international
regulations
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INDOOR RADON AND LUNG CANCER IN FINLAND

Ilona Mikeldinen
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Abstract Two Finnish epidemiological studies on indoor radon and lung cancer were completed in 1996, The nation-
wide study was a nested case-control study, and it gave non-significant OR of 1% per 100 Bqm™, with an upper 95%
confidence limit of 8%. The Eastern-Uusimaa study was also a case-control study, and it gave a non-significant trend,
the OR of the highest tertile and its 95% CL:s being 1.5 (0.8,2,9). Both these studies failed to establish a significant risk
of lung cancer associated with indoor radon exposure. Four indoor radon studies with more than 500 cases completed to
date are presented. Their results are compared with the risk assessments from studies of underground miners. When
looking at the OR:s and their 95% CL:s in the highest radon exposure categories, the results of these studies do not
differ significantly from each other and from the risks assessed from the miner studies.

Introduction

Indoor radon is the greatest individual source of radiation exposure to the public. Experimental animal
studies and human studies of miners have clearly demonstrated an excess risk of lung cancer with
radon exposure. However, results of recent epidemiological studies of residential radon are
inconclusive. We faced the same situation with the two radon studies completed recently in Finland.
Both these studies failed to detect the risk of lung cancer associated with indoor radon exposure. Only
one large-scale study dealing with residential radon and lung cancer (Pershagen et al. 1994) clearly
demonstrated the risk due to indoor radon. This paper will deal with the controversy.

The nation-wide study

The study by Anssi Auvinen and his co-workers (Auvinen et al. 1996) is a nested case-control study.
A base population was selected of all Finns living in the same single-family house from 1967 or earlier
until the end of 1985. Using this cohort of 892,939 persons made possible the radon exposure
assessments by measuring a single dwelling (so-called index dwelling) for each study subject.

In this cohort, 1,973 lung cancer cases between the years 1986-1992 were identified from the Finnish
Cancer Registry. One contro! subject matched by year of birth and sex was identified for each case
subject. Further controls were selected to be used if no information was available for primary control
subjects, so the total number of control subjects was 2,885,

Information concerning smoking and other relevant types of exposure was collected from study
subjects or their next of kin using questionnaires. The dates of starting and giving up smoking, and the
amount typically smoked in the sixties and seventies were ascertained. So, the duration, intensity and
the age at start of smoking were assessed. As to other types of exposure, information concerning
relevant occupational exposure including asbestos was requested. Information concerning the average
hours per day spent indoors in the index dwelling was also collected. An integrating radon
measurement of 12 months was carried out in all index dwellings.

After the radon measurements and questionnaire survey, valid information from both the questionnaire
survey and radon exposure was available for 517 matched pairs, and for the unmatched analysis for
1,055 cases and 1,544 controls. Conditional and unconditional logistic regression methods were used
to analyse the data. After adjustment for smoking and occupational exposure to asbestos, the matched
analysis gave an excess relative risk of 1% per 100 Bq/m’. The 95% confidence interval ranged from
the negative side to the upper limit of eight per cent. For five categories of indoor radon
concentrations the matched odds ratios and their 95% confidence intervals are shown in Table 1. All
confidence intervals include unity. The unconditional study gave almost identical results. No
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statistically significant risk from indoor radon exposure was detected in any of the subgroups defined
by age, sex, smoking, histological type of lung cancer, or asbestos exposure.

Table 1. Odds ratios and their 95% confidence intervals for five categories of radon exposure in the
nation-wide study.

Exposure Bqm~® OR  95% confidence

interval
0-49 1
50-99 1.03 (0.84-1.26)
100~-199 1.00 (0.78-1.29)
200-399 091 (0.66-1.35)
400- 1.15 (0.69-1.93)

The Eastern-Uusimaa study

The study by Ruosteenoja and her co-workers (Ruosteenoja et al. 1996) is a re-analysis of her
previous case-control study (Ruosteenoja 1991). Nineteen rural municipalities in southern Finland
with high levels of radon exposure were included in the study. All 238 cases of male lung cancer
diagnosed during 1980-85 were identified. Controls were selected from a random sample of 1,500
men of the same age distribution as the cases. After a smoking inquiry, all 395 smokers and a random
sample of 50 ex-smokers and 50 non-smokers were selected.

Two-month measurements during the winter were used to determine the radon exposure. They were
aimed to be carried out in all dwellings where cases and controls lived from 1950 until 1975. The
logistic regression method with two-stage analysis was employed to take fully into account the
sampling design balanced with respect to smoking. The final number of cases and controls was 164
and 331. After adjustment for smoking intensity, giving up smoking, and age, the odds ratios and the
95% confidence intervals for the tertiles of indoor radon were 1.8 (0.9,3.5) and 1.5 (0.8,2.9), relative
to the lowest tertile of radon concentration below 95 Bg/m’.

Comparison of radon studies in mines and homes

As to the mining environment, the pooled data from eleven cohort studies of radon-exposed
underground miners analysed by Lubin and his co-workers (Lubin et al. 1995) was large enough
(65,000 men and more than 2,700 cases of lung cancer) to obtain risk assessments with more accurate
estimates. A statistically significant trend was found. Statistically significant risk ratios were also found
for all categories above 50 WLM, corresponding to living for 50 years in the concentration of 200
Bqg/m’®, They also found that the excess relative risk per WLM varied significantly with the age
attained, duration of exposure, and the time elapsed since exposure. They used both additive and
multiplicative models to assess the joint effect of smoking and radon exposure. Their analyses showed
that the joint association was most consistent with a model intermediate between an additive and
multiplicative relationship. The excess relative risk per WLM for non-smokers was about three times
higher than the risk estimated for smokers.

Both of the Finnish studies failed to detect the risk of lung cancer associated with indoor radon
exposure. On the other hand, the results of both these studies did not contradict risk assessments from
occupational radon exposure, either ICRP (International Commission on Radiological Protection
1987), or the pooled study of eleven underground miners’ cohorts by Lubin and co-workers. This is
the situation we have been facing in many of the epidemiological studies carried out in a home
environment. Up to now, four studies of more than five hundred cases have been completed. In Table
2 a short overview of the principal results of these studies is shown.
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Table 2. Principal resuits of four epidemiological studies of over 500 cases.

Study Number of Exposure (mean OR (95%CTI) Trend

Case/Control concentration and  in the highest /100 Bg/m®
measured residency) category

Létourneau et  250/250 female 118 Bg/m’ 1.0 (0.69-1.46) NS

al. 1994, 488/488 male 17 years

Winnipeg,

Canada

Alavanjaetal. 538/1183 female 67 Bq/m’® 1.2 (09,1.7) NS

1994, nonsmokers 20 years

Missouri, USA

Pershagenet  1360/2847 107 Bg/m’ 1.8(1.1,2.9) 10%

al. 1994, 24 years

Sweden

Auvinen et al,, 517/517 106 Bg/m’ 1.15 (0.69,1.93) 1% NS

1996 38 years

Finland

The mean exposure level was more than 100 Bg/m® in all but the Alavanja study. Only the study by
Pershagen et al. gave a significant trend for the whole of the data. The trend was significant for
adenocarcinoma, men, and subjects over 64 years of age as well. All other studies gave non-significant
trends for the whole of the data. As to subgroups, Alavanja’s study gave both a significant trend and
odds ratio of the highest exposure category, when cases were restricted to adenocarcinoma and results
were adjusted for the amount of saturated fat intake. The odds ratios in the highest category were
above unity in all studies except Létourneau’s, where it was 1.0. Only the Swedish study had a 95%
confidence interval that did not include unity.

Studies of home environment can be compared with the studies of miners, though this procedure is not
straightforward. In figures 1 and 2 we are able to compare results of the four home studies with
Lubin’s study of miners. Odds ratios of different studies are shown, and the two lines are the risks of
lung cancer, according to Lubin, for non-smokers and smokers. Excess relative risks for these groups
are 0.0103 and 0.0034 per WLM, respectively. The exposures were calculated using the mean years of
measured residency, and a conversion factor of 0.0044 WLM/Bqm™, The midpoint of the lowest
category in each study was used as a reference level. The ICRP-estimate 0.0064 per WLM lies
approximately in the midway between these two lines.

We can see that the nation-wide Finnish study yields point estimates less than half of those of the study
miners, when, on the contrary, the study of Pershagen yields almost threefold point estimates. The
study of non-smokers by Alavanja yields the estimate closest to the miners’ study. The results of
Letourneau are not unexpected, either.
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Figure 1. Odds radios (OR) of studies by Auvinen et al. 1996 and Pershagen et al 1994 . Risks
according to miner studies (Lubin et al. 1995a) are indicated with a dashed line (non-smokers) and a
solid line (smokers).
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Figure 2. Odds radios (OR) of studies by Alavanja et al 1994 and Létourneau et al 1994, Risks
according to miner studies (Lubin et al. 1995) are indicated with a dashed line (non-smokers) and a
solid line (smokers).
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Discussion

Mining exposures usually cover quite a short part of the study subjects’ life spans (on average six
years), whereas exposures during the rest of their lives are low when compared with occupational
exposures. In a home environment the exposure levels are much lower than in mines, and exposures
may continue for the whole of a person’s life, but, on the contrary, exposures that are not measured
are typically of the same level as the assessed exposures. This gives rise to a random error that might
be substantial, This relative error is great especially when the exposure is low, The study by Auvinen
and his co-workers has the advantage of exposure assessed over a relatively long period, though
results from miners suggest that old exposures carry less weight.

When comparing the results of large residential studies with the results from miner studies, it is evident
that the residential studies of 500-1,000 cases and controls and mean exposure levels of 100 Bq/m® are
not able to give unambiguous risk estimates. Lubin and his co-workers had the same conclusion
(Lubin et al 1995b). This is partly because of the errors in exposure estimates, partly because of real
differences in the risks per exposure unit. New epidemiological studies in 2 home environment are
going on in a number of countries, and after they are completed it will be time for a meta-analysis.
Furthermore, new biological and biomathematical studies and model development relating to
carcinogenesis are under way. They may help us to understand the mechanisms that cause the excess
relative risk per WLM to vary due to many factors.
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Abstract

A dynamic environmental model was made for the Asikkala water basin in Lake Paijanne. The Asikkala basin is of
special interest both because of its importance to fishing and because it supplies freshwater for the whole Helsinki
region. The model predicts the long-term behaviour of fallout *’Cs in water, sediment and fish.

The model takes into account the seasonal stratification and mixing characteristics of a large basin by dividing it
into the epilimnion and hypolimnion. For the runoff calculations, the drainage area is divided into arable and forest
land. Seasonal variations in flow and transfer parameters are included.

The substantial volume of radioactivity and hydrological data available on Asikkalanselkd provides a good base for
model construction. The calculated results are in good agreement with post Chernobyl measurements. Comparisons
between model calculations and measured data are presented.

Introduction

Asikkalanselki is the southernmost basin of the P#ijinne catchment and is of special importance
because it is the main freshwater supply for the Helsinki region. Water is lead directly from the
Asikkala basin to the Helsinki waterworks through a bedrock tunnel. With a total area of 26 460
km®, Piijénne is one of Finland’s largest catchments. It lies in the area where the radioactive
fallout was highest in Finland after the Chemobyi accident. The water outlet of Péijanne is the
Kymljokl and the mean discharge rate 1s 209 m’s™ /1/. The Asikkala basin covers an area of 52.8
km? and its total volume is 805.2x10° m® /2/. Asikkalanselki is also an important fishing ground.

Since Asikkala is used as a fresh water basin it is important to be able to accurately estimate the
contents of radionuclides in the lake water in the early stages of a fallout situation. On the other
hand, consumption of freshwater fish is a major source of radiocaesium in the human diet
especially in later stages. Our aim has therefore been to establish a model able to provide
accurate short and long term predictions. To this end we included the seasonal variation in the
model parameters and divided the basin into two vertical layers, the epilimnion and the
hypolimnion. This division is of particular importance for the short term predictions of
radionuclides in the lake water,

Measurements of environmental radioactivity have been conducted at Asikkala since the
beginning of nuclear weapons tests fallout, and extensive studies of radiocaesium in water,
sediment and fish have been made since the Chernobyl accident. We also have good knowledge
of hydrological data and the biological activity in the Péijénne area.
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Model structure and parameters

Models based on linear differential equations have been widely used in dynamic calculations of
radionuclide transport in ecosystems. The present model is implemented using the Stella ™
modelling environment.

The model 1s built so that the time of year, the amount of fallout and the distribution coefficient
of the radionuclide between the solid and liquid phases (in the form of the K; constant) are easily
changeable by the end user. For the test runs we used runoff calculated from long-term averages
of meteorological data. It would not however, be difficult to replace this runoff with actual
measured or predicted yearly rainfall and runoff data.

The model divides the ecosystem into compartments and calculates the transfer between them
according to the equation:

OA.

—= Z(Ini — Out, ) 1)

ot ;

where A 1s the amount of a resource in one compartment, /»; is an inflow of the resource to the
compartment and Out; correspondingly an outflow. Any flow can take place between two
compartments within the system or it can be into or out of the system.

The Asikkala model can be seen as divided into three parts: catchment area, water basin and fish.
The catchment and water basin parts of the mode] are based on the transfer of material (water and
solid) and on the distribution of radiocaesium between the solid and liquid phases as described
by the K; constant:

C Bgkg™
K== |2 @
Cc. | Bqgl

where C, is the concentration in the solid phase and C,, is that in the liquid phase.

In the modelling of the transfer of radiocaesium in fish the metabolic effects are such that the use
of mass transfer is impractical. As the total uptake of radiocaesium in fish is small compared
with the amount in the lake, the radioactivity ingested by fish is omitted from the model of the
basin. Radiocaesium accumulates in fish when they feed on contaminated plankton, benthic
amimals or smaller fish, and it leaves the fish according to the biological half-lives of
radiocaesium in different types of fish.

The nearby catchment of the Asikkala basin covers an area of 155 km® /3/ of which 13% is arable
land /1/. Wetland is not included in this model because of the very low occurance (<1%) of mires
in the area. Forest land is vertically divided into three sublayers: top soil (2 cm), which is the
active layer in respect to runoff; subsoil (2-7 cm), where there is some change of activity with the
top soil layer; and bottom soil, which acts as an activity sink. For the arable land the 5 cm
intermediate layer is replaced by a 28 cm plough layer. In our model the impact of the
differences between forest and agricultural soils is almost negligible.

The compartmental structure of the catchment is depicted in Fig. 1. The transfer of radiocaesium
is driven by rainfall, and is due either to radiocaesium in the liquid phase, which can move either
downwards in the soil or into the lake as surface runoff, or to radiocaesium in the solid phase in
the surface runoff (e.g. soil erosion, litter). The mean annual rainfall in the area is 600 mm /4/.

The amount of solid matter washed into the lake has been calculated from the amount of net
sedimentation in the lake and the amount of dry matter transferred from the lake through the
Kymijoki outlet. This yields a total of 124 g m2y’.
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Because Asikkalanselki is a deep basin (maximum depth 53 m), it would not be realistic to
model it as a single compartment. Our solution was to divide it into two compartments,
representing the epilimnion (0~15 m) and the hypolimnion (~15-53 m). The thermocline, which
in Asikkalanselkd normally resides at 13-25m depth /2/, was left out for simplicity. With this
division, 75% of the water volume resides in the epilimnion.
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Fig. 1. Compartmental structure for the hydrological model of the lake. Thick arrows represent
the transfer of radiocaesium with soil and water, thin arrows represent the transfer of
radiocaesium from the lake basin to the fish chain.

Owing to the partial through-flow of water from northern Lake Piijinne, the water residence
time in the Asikkala basin is difficult to estimate. Here however, the residence time is estimated
to be of the same magnitude as the theoretical residence time in P#ijinne, ie. 2.7 a.
Asikkalanselki has a relatively small runoff area, and most of the water running through the
basin originates from northern P#ijinne or Lake Vesijarvi. Without these large flows, the
residence time would be about ten times longer. Thus the impact of the modelled runoff area is
comparatively small.

The seasonal mixing of the water layers is modelled as a complete turnover twice a year: in
spring just after the break-up of the ice cover (week 18) and in autumn (week 44). At other times
there is little mixing of water between the layers, and the seston sinks down to the hypolimnion
at the sedimentation rate.

The lake bottom is divided laterally into a deeper bottom (>15 m) and a shallow bottom. The
sediment is further divided vertically into two layers, 0-5 cm and the sediment sink. This
division, although not sufficient for accurate estimations of sediment mixing, is good enough for
reasonable estimates of the water-sediment interaction (sedimentation and resuspension) and for
a base for the estimation of radiocaesium concentrations in fish food.
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The transfer of radiocaesium to the lake bottom is mainly due to sedimentation. Thus an
important factor affecting the flux is the X; constant. Estimated from measurements made by
Kansanen et al. in the years 1986-1988, the K, constant was found to fluctuate between 45 000
and a little over 90 000, with a mean of 69 300 /2/. This mean value was used in the case study
in this paper, but the X, value is not a fixed parameter of the model.

The sedimentation rate in Asikkalanselkd was measured by Kansanen et al. usmg sedimentation
traps and bottom sediment sampling. They obtained a mean rate of 1.5 gm’ 2d', with only slight
spatial variation. The rate was however significantly lower in winter, when the lake was covered
with ice /2/. This mean value was used here, but the sedimentation rate was allowed to vary with
the amount of seston in the water column, resulting in the same type of variation as measured.

Resuspension was found by Kansanen et al. to be a significant factor for the behavxour of
radiocaesium in Asikkalanselkd. On the basis of their work we used the value 1 gm’ 2" for the
mean resuspension.
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Fig. 2. Structure of the fish model. The indicated feed intakes are kilograms per kg, per year.
The intakes were estimated using local data /5/, Finnish literature on fish /6/ and previous
modelling work /7,8/.

Different fish species are lumped together in three categories: predators, non predators, and
intermediate. Non-predators feed on a mix dominated by plankton with some benthic animals.
Intermediate fish feed on a mix of non-predators and plankton, with a small amount of benthic
animals. Predators feed on a mix of non-predators and intermediate fish. The feed amounts are
indicated in Fig. 2.

The radiocaesium contents in plankton are presumed to follow the variation in radiocaesium
contents in water, and those in the benthic animals the contents in sediment. Thus benthic
animals becomes a very important source of radiocaesium for the fish chain some years after the
fallout. As we lack proper local data on the transfer factors for radiocaesium from the water and
sediment to the feed of fish in A51kkalanselka, these have been replaced by the concentratmn
ratios, 5000 Bq kgdw‘l / Bq lwa,;er for plankton and 8 Bqg kgdW / Bq kgsed,mcm for benthic
animals, derived from measured contents in fish.

The seasonal dependency of fish metabolism is modelled by simply letting the fish feed twice as
much in summer (3 months) and one half as much in winter (3 months), as in spring and autumn.
The average biological half-life of the fish types chosen is 200 days /8,9/, varying in the same
way as the feed intake.
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Model calculations

Chernobyl data can be used to test the model for B7Cs in water. For the fish model post-

Chernobyl measurements were utilised in estimating the activity level of fish food. This gives an
autocorrelation between the model and the test data regarding the overall level of fish activity.

Total Chernobyl deposition in the area ranged from 60 900 Bg/m’ to 66 700 Bq/m2 according to
the nation-wide survey of extemal radiation /10/. Lichen samples taken in 1986 gave an
estimated depos;tzon of 64 300 Bq/m /2/. In our calculations the value 65 000 Bg/m® was used.
The local variation in depos1txon is consaderable with so1l samples taken in the area showing
values ranging from 40 kBqm’ % 10 100 kBq m™

For model testing we used data of STUK and the Radiochemical Laboratory at the University of
Helsinki reported in /2,11,12,13,14,15,16/

10
Epilimnion
14 model
5 s Hypolimnion
o model
0.1 +
X Water
0.61 ; ; 4 : :
1.1.86 1.1.88 1.1.90 1.1.92 1.1.94 1.1.96

Date

Fig. 3. Calculated B7Cs in Asikkalanselkd, compared with measured data. The measured values
are from different areas and depths in the water basin.
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Fig. 4. Calculated 137¢s in Asikkala sediment. Estimated average sediment activity for the whole
basin (filled dots) /2/, and measured activity at accumulation bottom A3. Owing to focusing
effects, the accumulation bottom is expected to show activity values higher than the sediment
average.
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Fig. 5. Calculated values for s in fish compared with yearly means of measured data
(STUK). The error bars represent one standard deviation.

The calculated values for water (Fig. 3) are in good agreement with the measured data, even if
the model tends to predict a somewhat faster decline in water activity after the first year,
reaching an equilibrium state faster than that shown by the measurements. Both the calculated
values for sediment and the measured data (Fig. 4) show a fast rise in activity after the accident,
reaching values equal to or even exceeding the total fallout into the basin.

The calculations for different fish types are consistent with the measured data (Fig. 5). The
predictions for predators in 1987-1988 seem to be slightly low and the decline in activity for
predators and nonpredators is somewhat too slow. The discrepancy is small though.

Discussion

Lake Asikkala with its deep accumulation bottoms and large shallow eastern parts is a very
variable environment, and the modeller has to make rather harsh averaging assumptions. The
behaviour of the calculated water activity may well be a result of such oversimplification. One of
the future goals of this project will be to test whether elaboration of the sediment part of the
model could improve the outcome. Another obvious factor causing uncertainty in the Asikkala
model is the residence time in the water basin.

In recent years a great number of ecological transfer models, the present one among them, have
been constructed and/or validated using Chernobyl data. When estimating the reliability of these
models for the prediction of possible future fallout situations, one should always bear in mind
that a certain bias within these models is to be expected.

When building the Asikkala model we were able to use data from site specific radioactivity
measurements conducted over a long period. The sustained collection of data has enabled us to
construct a model that gives realistic long term estimates of *’Cs activity in water, sediment and
fish in a fallout situation, where the activity is reasonably evenly distributed throughout the
Pdijanne area.
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Radiocaesium in grazing sheep - A statistical analysis of variability, survey
methodology and long term behaviour

Hanne Mehli, Lavrans Skuterud
Norwegian Radiation Protection Authority,
Box 55, 1345 Osteras, Norway

Abstract- Data from two grazing units in the county of Hedmark, Norway, where live monitoring of sheep has
taken place each autumn since 1987, formed the basis for a study of the importance of fungi for radiocacsium
levels in sheep. The results show that the '*’Cs concentration level due to ingested vegetation has decreased by
an effective half life of 7.8 + 2.6 years, and that the contribution from ingested fungi to the radiocaesium
concentrations in the sheep was up to 75-80 % in 1988 and 1991, during which years fungi were most
abundant,

Observations from another grazing unit, where a whole herd was monitored in 1987, formed the basis for a
study of sampling strategy and variability of radiocaesium concentrations within a herd. Analysis of variance
showed that lambs had approximately 20-40 % higher levels than ewes. The estimated average radiocaesium
concentration in a grazing unit is based on monitoring a sample of 8-10 animals. A study of the variability
indicated that more than twice as many animals should be monitored if an estimate of the mean radiocacsium
concentration should be obtained with uncertainty less than 10 %,

Introduction

Mountain areas in Norway received considerable amounts of Chernobyl fallout in 1986 ™
and consequently the accident gave specially large consequences for agriculture involving
animals grazing on unimproved mountain pastures. The LORAKON system has since 1987
been responsible for annual live monitoring of sheep. Median radiocaesium concentrations in
grazing units (sheep from several farmers grazing in the same area) has been estimated from
monitoring a selection of 8-10 animals, and this estimated value determined the requirements
for countermeasures in the whole grazing unit.

In 1988 an unexpected high radiocaesium concentration level in sheep was observed, and
this coincided with the early appearance of large amounts of fungal fruit bodies™™. The
observations in 1988 showed that intake of fruit bodies affects the radiocaesium concentration
in grazing animals, and that the Chernobyl fallout could have more long term consequences
than was initially assumed. However, the absolute contribution by radiocaesium in ingested
fungi to the radiocaesium concentrations in animals is not known.

In order to study the different factors (with emphasis on fruit bodies) influencing
radiocaesium concentrations in animals grazing on unimproved pasture, as well as the
variability within animals in a grazing unit, we used live monitoring records from some of the
most contaminated areas in Norway.

Materials and methods

Long term behaviour

The observations from the grazing units of Faset (Tynset) and Fonnésfjellet (Rendalen) in
Hedmark were used to study the long term behaviour of radiocaesium in sheep, and also the
importance of ingestion of radiocaesium in fungi to the radiocaesium concentrations in animals.
In both areas animals had been monitored every year since 1987, and no countermeasures had
been implemented at any time. As a study of fungi is carried out in the nearby area of
Elgvasshg, information about fungal appearance for the full period was available. The two data
sets from Féset and Fonndsfellet consist of altogether 209 measurements from 9 years, 120
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lambs and 89 ewes. From these data we developed a regression model for the radiocaesium
concentrations in sheep during the grazing season.

Model development

Winter feeds like hay and silage contain relatively low radiocaesium concentrations.
Combined with a biological half life in sheep of about 20 days **) the winter feeding makes the
animals low in radiocaesium content at the beginning of the grazing season. Thus, when
released on pasture the activity concentrations in meat will theoretically rise from about 0
Bg/kg.

The first 4-6 weeks on pasture the animals will consume contaminated vegetation and the
radiocaesium concentrations will increase. Fungi, with high radiocaesium concentrations,
appear in late summer and will cause higher radiocaesium levels as animals consume them. If,
for simplicity, the radiocaesium accumulating fruit bodies are assumed to arrive at
approximately the same time every year (and the same species arrive in the same amounts), the
important factor for radiocaesium concentrations in animals will be how long they stay on
pasture, or more specifically, time on pasture with fungi available as feed for the animals. The
radiocaesium levels in animals during a grazing season can then be approximated by :

RC (t., t,, F) = C-¢™ + B.F.gwele (g vo'sy )

where t. is time after the Chernobyl accident in years while t, is time on pasture with fungi
available as feed. A.r is the effective elimination rate for radiocaesium in vegetation, Agung;
describes the ecological decrease in radiocaesium concentration in fungi, and A, is the
biological elimination rate of radiocaesium in sheep, 0.03 d*. C is a constant and the parameter
B gives the equilibrium radiocaesium level and will for instance depend on radiocaesium
concentration in vegetation and intake of and radiocaesium concentration in fungi. The factor F
estimates the amount of fungi every year. The first term estimates the activity concentration
due to intake of vegetation and the second term the additional radiocaesium level due to
consumption of fungi.

The available information about amount of fungi is recorded simply as relative units «bad»,
«medium» and «good» year for fungi (and refer to the amount of fruit bodies only). The
relationship between these units can be estimated by dividing B-F in three factors; D-F,, E-F,
and G-F; (F,, F2 and F; are indicator variables where F; = 1 for a «good year, 0 otherwise, F,
= ] for a «medium year», 0 otherwise, and F; = 1 for a «bad year», 0 otherwise). D, E and G
are equivalents to B in Eq. 1. Hence, the radiocaesium concentration can be described as a
function of t, t, and the indicator factors F, F;, and F3 :

RC (t, tp, F1, Fy, F5)=C. gherte (DF, + EF, + GF;).e Muete . (] g huio- ) (2)

The ratio D : E : G can then be used as an estimate of the relative importance of the different
amounts of fungi.

Variability

In the grazing unit of Baklia the radiocaesium concentrations in 212 animals were measured in
September 1987. Of these animals 81 were ewes (born in 1986 and earlier) and 131 lambs.
This dataset was used to study the distributions of radiocaesium concentrations in sheep in a
grazing unit and was also implemented in a study of sampling statistics.
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For the grazing unit the estimated mean X and the estimated variance s* can be calculated,
and it may therefore be interesting to look at the sample sizes needed to attain a certain degree
of precision in the estimations of the means of the populations. A general sampling strategy
may be evolved by implementing the coefficient of variation CV (c/pt). Studies have indicated
that despite the movement in the average activity in a flock, and the wide ranges in the activity
of individuals, the distribution of the coefficient of variation remained essentially constant,
which means that the error is proportional to the value of the results ¥ An expression for the
required sample size n is:

Iiiz,n—l ' CVZ ' Nz
£, CV*+E*-(N-1)

nz

(3)

According to this expression the required sample size will depend on the confidence level g,
the accepted error E in the estimate of mean, and the size of the total population, N.

Results and discussion

Long term behaviour of radiocaesium in sheep

The model in Eq. 1 allowed for decreasing radiocaesium concentrations in fungal fruit bodies
through the term e*wsts although different studies have found this to be insignificant after the
Chernobyl accident *» 1 The regression analysis showed that Anag also is non-significant in
the present data set, All further analysis is therefore performed without this term, thus reducing
the model complexity to:

RC (tc, tp, F) — C e‘leﬂ'tc 4 B'F'(l‘e.lbio.tp) (4)

August is generally thought to be the main season for fungal fruit bodies, and the largest
quantities of fruit bodies seemed to be found at the end of August and beginning of September
in the nearby study area. This indicates that it is difficult to estimate the exact time for fruit
body appearance as input to the model. Mid-august (August 15) was chosen as the average
fruiting date in this work. The ratio between «good, medium and bad» fungi abundance,
D:E: G, wasestimatedto1:4:9.

Table 1: Parameters in the regression model for long term behaviour of **’Cs in sheep (with the
adopted fungi ratios 1:4:9 estimating low, medium and high abundance).

fruiting estimated estimated
date parameter  value [y'] 95% conf.int. R’ T.q + std.error
- 0.09 (0.03, 0.15) 78426
15.08 C 370 {260, 480 ) 0.60 years
B 190 (160, 210)

The resulting model for describing the 137Cs concentration in sheep is
RC (t, tp, F) =370€ %% + 190F (1 - &%) (5)

which gives an effective half life for B7Cs in vegetation of 7.8 £ 2.6 years.

There are several factors not taken into account in model 4. The fact that the data are derived
from two separate areas increases the uncertainty, and the difference in biological half life for
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radiocaesium between lambs and ewes is not considered in the model. Furthermore, it is
assumed that the fungal fruit bodies arrive at the same time every year. The radiocaesium
concentration in vegetation is assumed to follow an exponential decrease over years, while for
sheep on pasture it has been assumed that the radiocaesium concentration increases and then
stabilize at an equilibrium level determined by the radiocaesium concentration of the
vegetation.

Despite many assumptions and sources of uncertainty, the estimated values for
radiocaesium concentration in sheep obtained by model 4 are in accordance with the observed
radiocaesium concentrations (Fig. 3). The difference between the "*’Cs level according to
vegetation and estimated *’Cs concentration in sheep is an indication of the importance of
fungi for the "*’Cs concentration in the monitored sheep.
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Figure 1: Estimated values for **’Cs concentration in sheep are compared with the mean of the
observations for each year * std. error of mean. The uncertainty associated with the estimated
values is not shown, but is about * 50 Bg/kg. The dot-and-dash line illustrates the underlying
exponential decrease in **’Cs concentration in sheep due to decrease in contamination level in
vegetation. Time for appearance of fruit bodies is set to 15.08, and the relative importance
between the different levels of fungi abundance is 1:4:9.

The estimates of effective half life for **'Cs are shorter than the 20 years suggested earlier .
However, the rate of decrease in "*’Cs levels will differ between environments and areas of the
country, and a summary of half lives in Norway gave values in the range 3-20 years . The
model with its estimated parameters is only valid for the areas studied and the observed period,
and can not without reservations be transferred to other areas or later years.

Variability within herds

Figure 1 shows the distribution of the data for the whole herd and the two subgroups, ewes
and lambs. There was a relatively clear trend of two subgroups in the data material, where
lambs seemed to have generally higher radiocaesium activity than ewes. From the figure it
appears that dividing the data material into two subgroups may enhance the approximation to
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normal distribution. The standard deviation decreased for both groups compared to the
standard deviation for the whole herd.

An analysis of variance of the observations gave the results in Table 2. The analysis showed
a significant difference between ewes and lambs (p < 0.001).

Tabie 2: Data from Baklia (1987)

cases mean std.error 95% conf.int. median
(X) of mean for mean
ewes 81 820 29 ( 760, 880) 780
lambs 131 1170 29 (1110, 1220) 1160
whole herd 212 1030 24 (990, 1080) 1000

The observations were checked for normal and lognormal distribution. The data did not
seem to fit a lognormal distribution any better than a normal distribution. Analysis has
therefore been undertaken with untransformed data even though the deviation from normal
distribution will increase the uncertainty in the results.

80 4 Baklia

whole herd

ewes tambs

counts

20 -

° ) 500 ) 1000 ) 1500 j 2000
radiocaesium concentration in sheep [Ba/kg]

Figure 1: Frequency distribution for Radiocaesium concentrations in 212 animals monitored in
Baklia, Valdres (1987). The figure shows the distribution of ewes and lambs and the total herd.

From the Baklia data set a general variation coefficient valid for other sheep herds of 0.3
{30 %) was estimated.
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Figure 2: Required sample size n as a function of relative error in the estimate of mean (in % of
mean) at different confidence level. The population size is 1000 animals.

In Figure 2 the population size is set to 1000 animals, and the sample size is shown as a
function of error in estimation of mean (for different confidence levels). The figure indicates
that if we want a confidence of 90 % for keeping the error in the estimate of mean under 10 %
of mean the sample size should be more than 25 animals.

This analysis shows that the present live monitoring procedure with selection of 8-10
animals, will at the 90 % confidence level estimate a mean value within approximately 20% of
the true mean (assuming that the median is close to the mean, which is the case for normal
distributed data).

Conclusions

The results support that fungi is an important source of radiocaesium. The contribution
from ingested fruit bodies is estimated to 75-80 % of the total radiocaesium concentration in
sheep in 1988 and 1991, which both were years with large abundance of fruit bodies in the
pasture.

The estimated effective half life for *’Cs in vegetation in the grazing units of Fiset and
Fonnédsfjellet using the general model was 7.8 + 2.6 years.

The observations from Vuludalen and Baklia in 1987 indicated that the radiocaesium
concentrations within the flocks were close to normal distributed. The results showed a
significant higher radiocaesium concentration in lambs than in ewes, even at time of slaughter
when lambs are assumed to have the same size as adult animals. The variability within lambs
and ewes was lower than the variability within the whole herd.

One reason for monitoring live sheep is to check whether the mean radiocaesium
concentration in animals from a grazing unit is below the accepted limit of 600 Bg/kg, and thus
may be slaughtered without any form of countermeasures. It might therefore seem useful to
monitor samples of only lambs, both because of the higher radiocaesium compared to ewes,
and because the lower variability within the group decreases the uncertainty in the estimated
mean radiocaesium concentration.
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The uncertainty in estimated mean radiocaesium concentration in a grazing unit was found
to be about 20 % with the present sampling method of monitoring 8-10 animals. If a
probability of 90 % is desired for estimating the mean radiocaesium concentration with an
error less than 10 % (uncertainty in the monitoring method not taken into account), the
required sample size is ca. 25 animals.
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Transfer and long term behaviour of *’Cs in sheep at Tjotta, Norway.
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Abstract - Norwegian agricultural production was heavily affected by the Chernobyl accident. Large effort has
been put into countermeasures and restrictions to reduce the radiocaesium levels in animals and animal products
originating from areas with high deposition. Research at Tjetta, Nordland, shows that the effective ecological
half-life for transfer to sheep is long; 9 years for lambs and 19 years for ewes. Only in 1994 and 1995 a
significant decrease in activity levels in sheep and transfer to vegetation have been observed.

Introduction

It is estimated that 3-5% of the radiocaesium released from the Chernobyl reactor have been
deposited in Norway [1]. The most contaminated areas are grazing areas for sheep, reindeer
and cattle which extensively are utilising these natural pastures. Special feeding of the
animals, use of caesiumbinders and changing of slaughter time has been used in large scale,
and are still used today, for lowering the radiocaesium levels in reindeer and sheep [2].
During the first decade the total cost for implementing countermeasures, research, monitoring
and interdiction of sheep meet was 370 million NOK (57 million USS$). The corresponding
costs for the reindeer-breeding was 110 million NOK (17 million US$).

Many factors such as soil characteristics, vegetation type and grazing habits are
shown to influence the uptake of radiocaesium from soil to grazing ruminants. The amount of
mushrooms in pasture play an important role in determining activity levels of radiocaesium in
animal products [3]. Some of the Norwegian mushrooms accumulate radiocaesium very
efficiently, and are shown to have a long effective ecological half-life [4].

Knowledge concerning the long term behaviour of radiocaesium in the pasture-sheep
ecosystem is essential to control the activity levels and to choose the most cost effective
countermeasures. This study is conducted at Tjetta Rural Development Centre located on the
coastline in Nordland county (66.6°N). It started in 1988 and has partly been funded by NKS
and by the Norwegian Research Council.

Materials and methods

The study site is a fenced area of 0.4 ha of a natural pasture with highly organic peaty soil and
a vegetation dominated by Poa spp, Festuca spp, Trifolium spp and Ranunculus spp. Since
1988 5 to 10 ewes and 10 to 20 lambs have grazed this area from the beginning of June till
the beginning of September. The animals were live monitored every week by use of a
Canberra Serie 10 multichannel analyser equipped with a 3*3 inch Nal(TI) detector [3]. A
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time period of 100 seconds were used for measurements. Total radiocaesium ("*'Cs + **Cs)
were measured in Bg/kg. The Chernobyl radiocaesium is dominating the old fallout, thus data
presented as '*’Cs were obtained by subtracting '**Cs in accordance with the reported
Chernobyl ratio ’Cs : *Cs = 2.0 by 1. July 1986 [1].

Exclusion cages were placed on the pasture each year before the animals started
grazing. Soil and vegetation samples were taken in the beginning of September each year. In
1992 vegetation samples from the cages were taken three times in July, August and
September. The cages were turned 30-45° each year to avoid to have the hole from previous
years soil sampling in the cages. In 1995 six additional cages were put out to estimate the
biomass-production and for collection of mushrooms. Two soil samples were taken in six of
the cages. A plastic core with inner diameter of 10.3 cm and a depth of 10 cm were used. One
of the corers were sliced in 1 and 2.5 cm slices for determining the vertical distribution of
radiocaesium down the soil profile. The soil samples were dried, homogenised and measured
for content of ¥'Cs.

Percentage cover of the major plant genus/species in the different cages was visually
estimated. Mixed species samples were taken from a defined area each year. In addition
single genus samples were collected from the pasture at the same time as the mixed species
samples. All samples were dried at 65° C, ground and measured for content of *'Cs.

The data on precipitation and temperature are taken from the weather station located at Tjotta
only 4-500 m from the experimental field.

The aggregated transfer factor (T,,), the transfer factor (TF) and the concentration
factor (CF) was calculated as follows: T,, soil-meat = Bq/kg FW (fresh weight) meat per
kBg/m? soil, TF soil-gras = Bq/kg DW (dry weight) grass per kBq/m’ soil, CF grass-meat =
Bg/kg FW meat per Ba/kg DW grass. The activity in lambs are based on live monitoring of
lambs in the period 8-12 weeks of grazing. The effective ecological half-life of ¥’Cs in
pasture-sheep is calculated by taken the average activity levels measured by live monitoring
in the period 8-12 weeks of grazing. An exponential regression curve was fitted to the data to
estimate the effective ecological half-life.

Results and discussion

The mean deposition of *’Cs in the paddock was about 35 kBg/m® and was relatively
homogeneous distributed throughout the grazing area. In 1995 70 % of the *’Cs remain in the
top 5 cm of the soil. There was a tendency of *'Cs to move downwards in the period 1992-
1995 (Fig. 1)

The percentage of cover of vegetation in the exclusion cages was mainly dominated
by Trifolium spp, Poa spp, Deschampsia caespitosa and Ranunculus spp estimated at the end
of the grazing period.

The content of *’Cs in vegetation has been relatively constant in the period 1990-
1993 with levels of approximately 2000 Bg/kg DW. Up to 1993 the "*’Cs levels in mixed
species samples from the cages varied with a factor of 10 from 400 Bg/kg DW to 4500 Bq/kg
DW (table 1). In 1995 a marked decrease in activity levels in vegetation from five of the six
cages was found compared to levels from 1994. This decrease was confirmed by the live
monitoring data from the sheep. July and especially August 1995 were very wet and cool
months. This may have influenced the transfer from soil to vegetation.
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Figure 1. ¥’Cs in soil profiles (Bg/m®) from the years 1992-1995

Activity levels of radiocaesium in vegetation are shown in table 2. Festuca spp and Rumex
acetosa accumulate more *'Cs than the other species. In the time period from 1990-1994
Trifolium spp, Deschampsia cespitosa and Festuca spp showed a decrease in activity levels
which was not observed in the other four species studied in this period. However a significant
decrease in activity levels was observed in 1995 (except for Trifolium spp which was only
found in one cage).

There are reported to be very little mushrooms at this pasture during the time period
of the experiment. However, only in 1995 it was studied specifically. No mushrooms were
observed in any of the cages. A few species where found outside the cages. The following
specizs were observed: Leccinum versipelle, Leccinum scabrum, Russula vesca and
Hypholoma capnoides.

The production of biomass was measured in 1995. The production decreased during
the grazing period. In July the production ranged from 41-119 g/m?, in August 23-67 g/m’
and little production was measured in the first half of September (<21 g/m?).

The aggregated transfer factor soil-meat and the concentration factor grass-meat has
not changed significantly during the period 1990-1994 (table 3). However in 1995 these
factors decreased significantly. Also the CF grass-meat changed markedly and increased by a
factor of two compared to previous years.

Figure 2 shows the average activity levels of "’Cs in lambs from 1989-1996 obtained
by live monitoring. A trend of decreasing levels of radiocaesium was observed. This was
particularly clear for the years 1992-1995 in the time period before the equilibrium state was
reached (week 1 to 7). The equilibrium state seem to have changed from approximately five
weeks the first three years, to 9 or 10 weeks for the later years. Not surprisingly the ewes and
lambs data corresponds (data not shown). The 1996 activity levels are approximately similar
to the levels measured in 1995, indicating a marked decrease compared to the results in 1993
and 1994. However, this years results do not show a further decrease from 1995, maybe
indicating a more slow decrease or threshold in the years to come.
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Table 2. '¥’Cs activity (Bg/kg DW) in the major plant genus as an average from six cages
(* only from one cage).

PLANT 1990 [ 1991 I 1992 | 1993 1994 {1995
Cs-137 (Bg/kg DW)

Trifolium spp 2380 1244 1035 911 2194+

Poa spp 623 1210 133 878 950 210

Agrostis spp 2045 1720 256 2557 2215 260

Deschampsia cespitosa 1165 1700 185 159 514 180

Festuca spp 4201 2340 619 1648 636 255

Rumex acetosa 1620 6210 948 6074

Ranunculus spp 736 1480 819 1235 1176 463

Carex spp 857 3210 558

Table 3. Aggregated transfer factor; T,, (m® kg ), transfer factor; TF (m® kg ') and
concentration factor; CF.

Year 1988 1990 1991 1992 1993 1994 1995
Coefficient
T,, soil-meat 31 37 48 40 37 37 19
TF soil-gras 61 72 77 60 46 14
CF grass-meat 0.6 0.7 0.5 0.6 0.8 1.4
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Figure 2. Activity concentration of '*’Cs in lambs meat (Bq/kg) at different times after the
animals were released on the pasture. Standard deviation are shown for the latest years.

When estimating the effective ecological half-life of *’Cs the contribution of **Cs is
subtracted according to the reported ratio of **Cs and '*’Cs in the fallout in Norway. Figure 3
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Figure 3. '*’Cs in lambs as average values in the period 8-12 weeks of grazing (years 1988-
1996), plotted on a logarithmic Y-axes. The standard deviation of the single measurements
are also shown. An exponential regression curve is fitted to the data.

shows the average levels of “’Cs in lambs from 1988-1996 at a time period of 8 to 12 weeks
on pasture when the equilibrium stage has been reached. An exponential regression curve was
fitted to the data, indicating a relatively good fit with an R? of 0,62 and an effective
ecological half-life of 9 years. The P-value was 0.012. Similar calculations were done for the
ewes in the period 1988-1995. These gave a poor fit to the exponential regression curve with
an R? of 0.14. The effective ecological half-life for ewes was estimated to be 19 years.
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