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PROTECTI ON 1982 EDI TI ON'
NOTE TO READERS OF THE CRI TERI A DOCUMENTS

Wil e every effort has been nade to present information in the
criteria docunents as accurately as possible without unduly
del aying their publication, mstakes m ght have occurred and are
likely to occur in the future. 1In the interest of all users of the
environmental health criteria docunents, readers are kindly
requested to comruni cate any errors found to the Division of
Envi ronnmental Health, Wrld Health O gani zati on, Ceneva,
Switzerland, in order that they may be included in corrigenda which
wi || appear in subsequent vol unes.

In addition, experts in any particular field dealt with in the
criteria docunments are kindly requested to nake available to the
WHO Secretariat any inportant published information that may have
i nadvertently been onitted and which may change the eval uation of
health risks from exposure to the environnmental agent under
exam nation, so that the informati on may be considered in the event
of updating and re-evaluation of the conclusions contained in the
criteria docunents.

ENVI RONVENTAL HEALTH CRI TERI A FOR SELECTED RADI ONUCLI DES

At the request of the United Nations Environnent Programme
(UNEP), the United Nations Scientific Conmittee on the Effects of
Atom ¢ Radi ati on (UNSCEAR) prepared a paper on the Environnental
Behavi our and Dosinetry of Radi onuclides. In accordance with the
UNEP proposal, the paper, which was prepared during the 27th - 29th
sessions of the Cormittee and was conpl eted and approved at the
30th session in 1981, is now being published in the WHO UNEP
Environmental Health Criteria series. The EHC docunment, which is
entitled "Sel ected Radi onuclides", conprises the integral report
prepared and edited by UNSCEAR, together with an annex consisting
of excerpts taken from "Basic Safety Standards for Radiation
Protection 1982 Edition", Safety Series No 9, a docunent prepared
jointly by | AEA/ | LO NEA( OECD)/ WHO, and published by the
I nternational Atom c Energy Agency, to give guidance to the
appropriate national authorities on the establishnment of limts for
radi onuclides. The sel ected radionuclides discussed in the
Envi ronnmental Health Criteria docunent are those of environnental
i mportance for the general popul ation and radi ati on workers.

Dr E. Komarov, Environmental Health Division, Wrld Health
Organi zation, was responsible for the final l[ayout of the
Envi ronnental Health Criteria docunent.

The assistance of Dr B.G Bennett (Mnitoring and Assessnent
Research Centre, MARC) in the scientific editing of the
Environnental Health Criteria docunent is gratefully acknow edged.

The contents of the 1982 UNSCEAR report to the General Assenbly
of the United Nations were taken into account during the
preparati on of the paper on the Environnmental Behaviour and
Dosi metry of Radionuclides, but the report was not quoted as it had
not been issued at that tine.

ENVI RONVENTAL BEHAVI OUR AND DOSI METRY OF RADI ONUCLI DES
1. PREFACE

1. The release of radioactive materials to the environnent
potentially exposes popul ations to ionizing radiation and increases
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the risk of incurring deleterious health effects. The associ ations
of released ambunts to effects establish the health criteria for
radi onuclides, i.e., the quantitative relationships that would be
required to establish release linmts governing the managenent of
radi oactive materials used by man.

2. This report has been prepared by the United Nations Scientific
Conmittee on the Effects of Atom c Radi ati on (UNSCEAR) for the
United Nations Environment Programe (UNEP) to provide background
information in establishing such health criteria. In this report
the nore general considerations of environnental behavi our of
several radionuclides are discussed, including sources, transport
to man and dosinmetry. The radionuclides di scussed are those nost
frequently rel eased fromnatural and nan-nmade sources and the
greatest contributors to popul ation radiati on exposure under norna
ci rcunmst ances.

3. The conpilation of the relevant infornmation is based largely on
the detail ed presentations and eval uati ons of the sources of
ionizing radiation by UNSCEAR in its reports to the United Nations
General Assenmbly. The reader is referred to these reports for
general concepts and for assessnents of the dose conmitnents to nan
from exposures to sources such as natural radioactivity, fallout
from at nospheric nucl ear testing, releases from nucl ear power
production, occupational and medical irradiations.

4. Further infornmation to be considered in establishing health
criteria for radionuclides is that on health effects of
irradiations. The relationshi ps between radiati on dose and ri sks
of health effects in man have recently been re-eval uated based on
the available data. This information can be found in the 1977
report of UNSCEAR. Only a brief summary of the general aspects of
radi ati on effects and of radiation protection considerations is
presented here.

5. The establishnent of release limts for radionuclides in
particul ar situations cannot be acconplished w thout rather nore
detail ed considerations of the | ocal and regi onal environnment and
the speci al pathways of transfer to man. Wth this in mnd, it is
recogni zed that the material given here can only serve as
background gui dance.

6. The follow ng scientists have contributed in the preparation of
this report: Dr. WJ. Bair, Dr. D. Beninson, Dr. B.G Bennett, Dr.
A. Bouville, Dr. P. Patek, Dr. G Silini and Dr. J.QO Snihs.

[. 1 NTRODUCTI ON

7. Radionuclides are a special class of environnmental substances.
They are the unstable configurations of chenical elenents which
undergo radi oactive decay, enmtting radiation in the formof alpha
or beta particles and x or gamma rays. The interaction of radiation
wi th biological materials causes energy to be released to these
materials which may result in a variety of harnful effects.

Radi ation is thus a potential hazard to nman, although it may al so
be used in many beneficial ways, as in nedical diagnosis and
treatnment, in industrial and consuner products and in the
generation of electricity with nuclear reactors.

8. The realization of the harnful potential of ionizing radiation
whi ch was dramatically brought to the attention of the public by
the atom c bonbi ng of Hiroshinma and Nagasaki in 1945, was the cause
of considerable attention that has been paid throughout the years
to the effects of radiation. As a result of these studies, a great
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deal is now known about radionuclide behaviour in the environnent
and in man and about the somatic and genetic consequences of
irradiation. This information surpasses by far that relating to
any other class of environnmental pollutants.

9. Consi derabl e experi ence has been gained in environnental

radi ati on neasurenents, particularly in tracing the novenent of

fall out radionuclides produced in atnospheric testing of nuclear
weapons. Mich of this information has in turn contributed to the
general know edge of atnospheric and oceanic transport processes
and of bio-geochenical cycles of elenments. Extensive studies of
radi ati on effects in aninmals and nunerous epi deni ol ogi cal surveys
of exposed popul ati on groups have by now been conducted. They have
consi derably enl arged our understandi ng of the biological effects
of radiation on man and the environnent, although uncertainties
still remain, particularly regarding the basic mechani snms of action
and the risk evaluations at | ow doses and dose rates [Ul-U7].

10. A few definitions and general concepts should be introduced
before the detail ed presentati on of radionuclide assessnents. The
basic unit of radioactivity is the becquerel (Bq), corresponding to
one disintegration per second. The previously used unit was the

curie (G), one G corresponding to 3.7 10'° Bq.

11. The basic neasure of radiation interaction in irradiated
materials is the absorbed dose (D). This quantity is also the
basis of health risk estimates, under the assunption of a |inear

rel ati onship between dose and risk. The absorbed dose is defined
as the nmean energy (joules) inparted to the irradiated nmaterial per
unit mass (kg) at the point of interest. The unit of absorbed dose
is called the gray (Gy) which corresponds to 1 J/kg. The unit of
absorbed dose previously in use, the rad, is one hundred tines
smal l er than the Gy.

12. Radiations of different types and energi es have different

ef fectiveness for producing effects, depending on the anount of
energy transferred per unit length (LET) along the path of the
charged particles. 1In order to quantify this differing

ef fectiveness, use is nade of a nornalizing quantity called the
quality factor (Q. For general purposes of radiol ogical
protection the assuned values of Qare: 1 for x and ganma rays and
for electrons; 10 for neutrons and protons; 20 for al pha and

mul tiply charged particles.

13. The product of the absorbed dose, D, and the quality factor

Q is terned the dose equivalent (Hy. The unit of dose equival ent
is the sievert (Sv). The previously used unit was the rem (1 rem=
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