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FOREWORD

This report is part o f  the IAEA’s programme to develop and publish 
guidelines and technical reports on subjects o f current interest to  Member 
States.

It is intended as a docum ent to provide guidance for regulatory, administra
tive and technical authorities who are responsible for, or are involved in, 
planning, approving, executing and reviewing national waste management 
programmes related to  the safe use o f radioactive materials and the subsequent 
disposal o f the radioactive wastes produced.

In 1965 the IAEA published a Safety Standards report, a Code o f Practice 
entitled ‘The Management of Radioactive Wastes Produced by Isotope Users’ 
(Safety Series No. 12). A Technical Addendum to this report, containing 
detailed technical inform ation on processes and procedures tha t were outlined 
in the Code o f Practice, was published in 1966 (Safety Series No. 19).

Recognizing that considerable time has passed since the publication o f  the 
above reports, and that there is a continuing interest in and a need for a report 
on the management o f  radioactive wastes produced by users o f radioactive 
materials for scientists, administrators, regulatory and health authorities in 
Member States and the international com m unity, the IAEA initiated the 
preparation o f this report in 1983. It draws upon experience gained generally 
in the preparation and application o f radioactive materials and the subsequent 
disposal o f radioactive wastes. It is intended to  outline current applications of 
radionuclides and to provide inform ation and guidance for waste management 
including treatm ent techniques that may be available to establishments and 
individual users.

A Consultants Meeting attended by A. Windsor (UK) and M.V. Rajan 
(India) was convened in Vienna from 1 2 -1 6  September 1983 to  prepare a draft 
report. The Technical Review Committee on Underground Disposal o f  Radio
active Wastes (TRCUD) reviewed the report in November 1983 and suggested 
certain revisions, which were incorporated by A. Windsor in February 1984. 
The revised draft report was mail reviewed by the TRCUD, whose comments 
were incorporated into the final report in December 1984 by a consultant, 
N.S. Sunder Rajan (India).

The Agency wishes to  express its thanks to all those who took part in the 
preparation o f  the report. The officer at the IAEA responsible for the report 
was K.T. Thomas o f the Waste Management Section, Division o f Nuclear Fuel 
Cycle.
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1. INTRODUCTION

Radioactive materials are used extensively in labelled chemicals in hospitals, 
research laboratories, industrial and agricultural premises and for environmental 
studies. In many instances they provide scientists and technicians w ith a unique 
method o f m onitoring a function or measuring a reaction. Their use has expanded 
over the past tw enty years because o f the availability o f  a variety o f radioactive 
materials and the development o f  sensitive and reliable detection m ethods. These 
have resulted in comprehensive and flexible measurement systems that have proved 
very useful in the above-mentioned fields.

The development in techniques for the production o f radionuclides has 
ensured that, whenever possible, short-lived radionuclides can be produced that are 
suitable for particular applications. The developments in measuring techniques 
have given users the opportunity  o f  making sure that they use the minimum 
quantity  o f the radionuclide in order to achieve the objectives o f  their experiment 
or analytical procedure.

Wastes are produced as a result o f the use of radioactive materials, some of 
which will be radioactive. Although through good practices in the production and 
use o f radionuclides the wastes produced can be minimized, the increasing and 
diversified use o f  radioactive materials results in the production o f large quantities 
o f radioactive wastes whose disposal requires careful and co-ordinated management.

The primary concern in waste management is to  implement an effective 
control and disposal system that ensures the safety o f people and a safe environ
ment. Waste management practices vary considerably from one country to  
another — especially with regard to local disposal — and control can normally be 
exercised by:

(1) the regulatory and inspection authorities that determine national policy and 
set criteria for the handling, treatm ent and disposal o f wastes

(2) the radioactive-materials co-ordinator with the appropriate independence and 
authority , appointed by the site management -  his typical functions are given 
in Annex I — who has the responsibility for examining the local waste 
management options and for deciding how they are to be implemented in a 
manner consistent with national regulations

(3) the individual scientist or technician who must ensure that the production 
of radioactive waste is kept to  a minimum and that the local instructions are 
observed by him as regards any subsequent handling, treatm ent and disposal.

In exercising their responsibilities, all persons using radioactive materials have 
to  take into account the possible conflict between scientific objectives and radio
logical protection criteria, and the costs o f implementing waste management 
options. They must be able to  dem onstrate to  the regulatory authorities compliance 
with legal requirements and good radiological protection practice.

1
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In many countries the use of radioactive materials in research and industry 
is not supported by, or related to , the nuclear fuel cycle. Where their use is sup
ported by a national nuclear programme, central agencies are usually available to 
give guidance on or for the treatm ent and disposal o f the radioactive wastes 
produced. Whether such national agencies are available or not, the principles 
employed in the disposal o f ‘nuclear’ waste are relevant, in particular those relating 
to  shallow ground disposal [ 1 ].

2. SCOPE

This report draws upon experience gained in the preparation and applica
tion o f radioactive materials and the subsequent disposal o f  radioactive wastes.
It is not comprehensive but it is intended to  provide inform ation and guidance on 
the management o f  the wastes produced. It is based on current applications of 
radioactive materials. The report does not deal with wastes from the nuclear 
fuel cycle or from the chemical processing o f minerals or o ther substances contain
ing naturally occurring radionuclides. Nor does it deal with the protection of 
persons working with radioactive materials, or to whom radioactive substances 
have been administered in the course of medical investigations or treatm ent.

The radioactive wastes with which this report is concerned nevertheless 
include a very broad spectrum o f various materials, ranging from spent sealed 
sources, contam inated items such as glassware, gloves, paper, etc., to  animal 
carcasses, excreta, and organic solvents. Liquid wastes resulting from washing and 
decontaminating laboratory equipm ent are also included and attention is drawn to 
the disposal o f some radioactive sources that have been used in laboratories.
Studies related to  the application of radioactive tracer techniques in sedimentology, 
for m onitoring and evaluation of certain operations m entioned in subsection 5.3.1 
and associated waste management issues are not covered in this report.

3. GENERAL CONSIDERATIONS

The volume o f radioactive waste produced by individual users o f radioactive 
materials is not likely to  be large. The specific activity o f  waste generated will 
depend upon the experimental objectives, equipm ent available, the form  in which 
the radioactive materials can be purchased, and the degree to which the individual 
user has been trained in the techniques of application and measurement. In some 
research institutions it is possible that the labelled chemical compound will have

2
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to  be produced from less complex compounds within a laboratory before the 
experimental or assay work can take place. In such laboratories the waste at the 
point o f production may be o f a higher specific activity than in o ther more routine 
applications, such as in laboratories where prepared radiopharmaceutical and 
radioimmunoassay kits are in daily use. Hence, the volume, specific activity 
(though both are small), the nature and range o f radionuclides may vary consider
ably, but such variations should be predictable. By using minimal quantities o f 
radioactive materials in preplanned operations, well-prepared experiments and 
suitable segregation and monitoring, it should be possible for radiochemical 
laboratories that do not have the support o f a specialized nuclear research estab
lishment or national facility to manage the wastes produced.

In all circumstances the scientist or technician should examine the options 
to achieve a specific objective and study the waste management implications of 
his chosen option, reconcile his intentions with site practices and submit his plans 
to  the site radioactive-materials co-ordinator responsible for co-ordinating the 
purchase and use o f radioactive materials and their subsequent disposal. This 
function is exercised frequently by the person nom inated as the radiation safety 
officer for the establishment.

The radioactive-materials co-ordinator should examine these proposals in the 
context o f  the site radioactive waste management options and the cost implications 
o f further reducing wastes arising. For this he should be aware o f  the local potential 
on-site and off-site disposal facilities, including sanitary landfill sites, sewer systems, 
storm water systems, incinerators, etc. In some cases the perm itted options may 
include direct discharge to  the environment o f untreated wastes within some speci
fied site limit and by a prescribed route authorized by the regulatory authority.
The regulatory authority  may even allow wastes resulting from particular practices 
to be disposed o f w ithout further control by a disposal route for non-radioactive 
waste, provided that the user can dem onstrate compliance with preset conditions.
In o ther cases the radioactive-materials co-ordinator may have to  ensure that 
relevant storage and treatm ent facilities are available locally or through a national 
disposal facility.

All operations with radioactive materials will result in the production of 
marginally contam inated solid waste as well as waste resulting directly from the 
various procedures. These procedures will normally involve solutions, although 
waste products may include precipitates or treatm ent columns. Gases and vapours 
can evolve in the course o f the work, and, in a few procedures, the radionuclide 
may be in gaseous form. Sealed radiation sources also become wastes after their 
useful life is over.

Wastes containing long-lived and particularly hazardous radionuclides, includ
ing transuranic nuclides, are not produced within the vast majority o f laboratories 
engaged in medical and scientific research. However, if such radionuclides are 
present, the regulatory authority will no doubt insist on strict limits and may 
require the user to take advantage of centralized disposal facilities.

3
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4. CONTROL

4.1. N ational controls

All countries have some form of national regulatory control over the use o f 
radioactive materials and the disposal o f radioactive wastes. The national authority  
should take the decision as to whether or not the uses are justified, and the 
controls should reflect the cost o f their im plem entation and the benefits gained 
from the use o f radioactive analytical techniques. The regulatory authorities 
should evaluate their options after due consideration o f the impact o f  releases to 
the environment [2, 3].

The control is usually exercised by issuing a licence or certificate for 
particular premises or a group o f  premises and should relate to the operations 
carried out. The conditions in the licence or certificate relating to  radioactive 
waste production would normally relate to  the following:

(1) quantities and nature o f the radioactive materials that will be employed
(2) purpose for which the radioactive materials will be employed
(3) quantities and nature o f the wastes perm itted together with accumulation 

conditions, treatm ent m ethods and disposal routes
(4) maintenance o f records o f  radioactive materials and wastes
(5) relevant radiological protection procedures and the radioactive-materials 

co-ordinator
(6) training o f personnel in relevant techniques
(7) provision o f adequate equipm ent, instrum ents and other relevant facilities
(8) dem onstration of control by a programme o f monitoring, sampling and 

inspection.

In some circumstances the national authority  may consider it necessary to 
provide for a national service or license a private one for disposal o f  those radio
active wastes for which it considers local treatm ent and disposal inappropriate.
Such wastes could include leaking sealed sources and wastes contam inated with 
significant quantities o f longer-lived radionuclides.

4.2. User controls

Control should be exercised by the user through the appointed site radioactive- 
materials co-ordinator by planning the work in advance, making sure that staff are 
adequately trained and that the facilities comply with a minimum standard for 
the work planned. Administrative procedures should be set ou t so as to prohibit 
the purchase o f radioactive materials by individual users until their proposals have 
been assessed and approved locally by the co-ordinator. The co-ordinator should 
include the following factors in his assessment:

4
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(1) examination o f  the range o f radionuclides that could be used for the work, 
their characteristics, the chemical and physical form  in which they can be 
purchased and the hazards associated with their disposal

(2) assurance that only the minimum required quantities o f radioactive materials 
are purchased consistent with the objectives o f the work, the number of 
measurements that will have to be made, the efficiency o f the analytical 
m ethods, the sensitivity and resolution o f the detecting apparatus, and the 
accuracy required in the results

(3) identification of all possible sources o f radioactive wastes during the initial 
on-site preparation o f  any necessary radioactive labelled com pound and 
during the subsequent experimental or analytical procedures, together with 
the related disposal and treatm ent options and the degree to  which they are 
consistent with site rules and regulations

(4) exam ination o f the available facilities, apparatus and laboratory techniques 
to ensure tha t the proposals are consistent with the requirem ent to  minimize 
the radioactive content and volume o f such wastes, as well as with the overall 
requirem ents to keep the potential exposure of persons to  acceptable 
radiation levels [4, 5]

(5) identification o f o ther hazards associated with the wastes, in particular 
whether they are chemically toxic, flammable, or explosive, and whether 
action is required to prevent wastes being illegally reclaimed or misused 
(e.g. syringes, attractive laboratory ware, etc.).

In all cases, users should be made aware o f w hether or not they need to  
segregate radioactive waste from non-active waste as well as into o ther relevant 
categories at the point o f origin. The radioactive content o f the waste should be 
recorded as soon as possible by the user in accordance with local rules. This 
practice should be supported by a laboratory or site m onitoring programme, and 
even sampling if considered necessary. It is also advisable for users to  be prepared 
to cope with accidental spillages. The pre-planned actions should take into account 
the most effective methods o f  limiting the spread o f contam ination and disposing 
of the wastes.

5. APPLICATIONS

The range o f measurements for which radionuclides are employed is 
continually expanding. This section, together with the tables, can only refer to 
the principal radionuclides and their applications. Tables I and II list those radio
nuclides commonly employed and give applications in medicine and scientific 
research and industry, environmental measurements and consumer goods.

5
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TABLE I. PRINCIPAL RADIONUCLIDES USED IN MEDICINE, CLINICAL MEASUREMENTS AND BIOLOGICAL 
RESEARCH

Radionuclide Half-life Principal application Frequency of Typical Waste Mode of treatment or
application quantity per characteristics disposal

application
1 2 3 4 5 6 7

3H 12.26 a Clinical measurements * Up to 5 MBq Solid, liquid Burial
Biological research ** Up to 50 GBq Organic solvents Dispersal
Labelling on site * Incineration

14 c 5960 a Biological research ** Less than 1 GBq Solid, liquid Burial
Labelling * Up to 10 MBq Solvent, exhaled Dispersal

C02 Incineration

22Na 2.6 a Clinical measurements * Up to 50 KBq Liquid effluents Dispersal
Biological research *

MNa 15 h Clinical measurements * Up to 5 GBq Liquid effluents Dispersal

32 p 14.3 d Clinical therapy * Up to 200 MBq Solid, liquid Burial
Biological research ** Up to 50 MBq effluents Storage

Dispersal

35S 87.4 d Clinical measurements * Up to 5 GBq Solid, liquid Burial
Biological research ** effluents Dispersal
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“ Cl 3.01 X 
10s a

Biological research * Up to 5 MBq Not significant Can be considered 
inactive

45 Ca 164 d Biological research * Up to 100 MBq Mainly solid Burial
47 Ca 4.5 d Clinical measurements * Up to 1 GBq Some liquid Dispersal

51 Cr 27.7 d Clinical measurements * Up to 5 MBq Mainly liquid Dispersal
Biological research * Up to 100 kBq effluents

S7Co 271.7 d Clinical measurements * Up to 50 kBq Solid and Burial
and liquid effluents and

58 Co 70.8 d Biological research * Dispersal

59 Fe 44.6 d Clinical measurements ** Up to 50 MBq Mainly Dispersal
Biological research liquid effluents

67 Ga 78.26 h Clinical measurements * Up to 200 MBq Liquid effluents Dispersal

75 Se 119.8 d Clinical measurements * Up to 50 MBq Mainly liquid Dispersal

85 Sr 64.8 d Clinical measurements * Up to 50 MBq Solid, liquid Burial
Biological research * Dispersal

90 y 64.1 h Clinical measurements * Up to 1 MBq Solid, liquid Burial
Biological research Dispersal
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TABLE I. (cont.)

Radionuclide

1

Half-life

2

Principal application 

3

Frequency of 
application

4

Typical 
quantity per 
application 

5

Waste
characteristics

6

Mode of treatment or 
disposal

7

"T c m 6.02 h Clinical measurements 
Biological research

**
*

Up to 500 MBq Solid, liquid Can be considered 
inactive

m In 2.8 d Clinical measurements 
Biological research

* Up to 500 MBq Solid, liquid Burial
Dispersal

125j 60 d Clinical measurements 
Biological research

**
**

Up to 500 MBq 
Up to 500 MBq

Solid, liquid 
Occasionally 

vapour

Delay and decay, 
Burial, dispersal 
Adsorption on C

131J 8.04 d Clinical measurements 
Clinical therapy 
Biological research

**
**
*

Up to 500 MBq 
Up to 10 GBq 
Up to 50 MBq

133Xe 5.25 d Clinical measurements * Up to 200 MBq - Atmospheric 
dispersion 

Adsorption on C

197 Hg 
203 Hg

64.4 h 
46.6 d

Clinical measurements * Up to 50 MBq Solid, liquid Burial
Dispersal

198 Au 2.7 d Clinical therapy * Up to 10 GBq Not significant -

* Occasional 
** Frequent
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TABLE II. VARIOUS APPLICATIONS OF RADIONUCLIDES

Form of application
Nuclide

Sealed sources Tracers Others

3H Foil thickness 
measurements

Water
movement

Luminous articles and 
electronic valves

32p Foil thickness 
measurements

Agriculture -

41A Leak testing, 
gas movement

-

46 Sc Silt movement -
57 Co Check sources - -
60 Co Industrial, radio

therapy, clinical 
therapy, 
sterilization

-
Occasionally in 
electronic valves

63Ni Foil thickness 
measurements

- -

82 Br - Water movement, 
leak testing

-

85 Kr Gauging Occasionally in 
electronic valves

90 Sr Thickness gauge 
Eye applicators

- -

137Cs Industrial, radio
graphy, calibration, 
clinical therapy

140Ba- 140 La _ Steel slag
144 Ce- 144Pr

192Ir Industrial radiography 
clinical therapy

- -

I24Sb'
226 Ra with
227 Ac Be Neutron sources Activation and other
210Po studies
239PuJ

241 Am Foil thickness 
measurements

Smoke detectors

9
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5.1. Medical

The application o f radioactive materials in medical diagnosis, treatm ent and 
research is extremely im portant. In many instances alternative m ethods are not 
available. The actual adm inistration o f radioactive materials to persons is normally 
covered by specific regulatory control. General principles o f  radiation protection 
in the application o f radionuclides in medicine are dealt with in R ef.[6]. Medical 
uses can include:

(1) in vitro radioassay procedures using commercially prepared radioimmunoassay 
kits in support o f clinical diagnosis and medical control

(2) preparation or dispensing o f radiopharmaceuticals for in vivo applications in 
support o f clinical diagnosis or therapy

(3) adm inistration o f  prepared radiopharmaceuticals in hospitals to  patients
(4) clinical research
(5) radiotherapy.

5.1.1. Radioimmunoassay (R IA )

Some radioimmunoassay techniques can be carried out using commercially 
available kits. Careful consideration should already have been given by the 
m anufacturer to the reliability and accuracy o f  the techniques and simple 
instructions are supplied for each type o f kit. The work can usually be carried 
out in a part o f a laboratory with bench coverings or trays providing adequate 
contam ination control.

Iodine-125 is the main radionuclide used in such kits and each assay involves 
less than 50 KBq. Kits are usually sold in packages for 1 0 -1 0 0  assays. After the 
stock expiry date they must be disposed of as waste, although only those parts 
containing the radionuclide material need to be treated as radioactive wastes. In 
general the waste arising from these measurements is either liquid or adsorbed onto 
solid. Turnover o f stock could total up to  4 MBq per week, depending upon the 
num ber o f tests completed.

Tritium-labelled compounds are also widely available for RIA use although 
they are not as commonly incorporated into kits. Assay will almost inevitably 
involve the use of liquid scintillation counters and give rise to contam inated 
solvents. Although the tritium  content should generally not cause concern, the 
disposal o f vials containing liquid scintillant has to  be carefully planned.

Among other radionuclides that are used for RIA are carbon-14, cobalt-57 
and selenium-75.

5.1.2. Radiopharmaceu ticals

The design o f facilities for the preparation and use o f  radiopharmaceutical 
products is usually dominated by the standards imposed for achieving sterile
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conditions. The particular application governs the type o f  radionuclide used and 
the quantity  administered to  patients. The main applications are in vivo diagnosis, 
including scintigraphy, and therapy.

Diagnostic techniques: The radionuclides in use for imaging work are dom inated 
by technetium -99m , which is normally eluted in a sterile environment from a 
generator containing molybdenum-99. Technetium-99m, which decays to  the 
ground state by the emission o f gamma radiation only, can be prepared in a 
num ber of forms appropriate for particular applications.

The wastes arising from the preparation o f technetium-labelled agents are 
potentially contam inated, but the contam inant decays rapidly. The radioactive 
content o f the urine and faeces o f patients will vary according to the preparation 
administered, although m ost administrations contain between 200 and 600 MBq. 
Approxim ate effective half-lives can be used, as relevant, for record or assessment 
purposes. However, there is rarely any justification for no t allowing the immediate 
discharge o f all such wastes into a drainage system, w hether the patient is in 
hospital or at home. Although technetium-99m decays to  the radionuclide 
technetium -99, the relative activity o f the daughter is less than 10 -8 that o f the 
technetium-99m. The parent column containing m olybdenum-99 can be treated 
as inactive after three to four weeks.

O ther columns commercially available for radiopharmaceutical preparation 
are tin -113/indium -113m, tellurium-132/iodine-132. O ther radionuclides used 
in scintigraphy include gallium-67, selenium-75, iodine-131, strontium-85, 
xenon-133, mercury-197 and mercury-203. Xenon-133 is o f  particular interest, 
as it is exhaled. If possible, a patient should breathe into an air bag (which can be 
emptied in a fume cupboard or out o f doors) or into a tube which is led ou t o f 
doors or into a tapping system. If  xenon-133 is being used in an operating theatre 
to  m onitor cerebral blood flow or some other function, the general requirements 
for the sterile operating environment are of far greater significance than the 
imposition o f discharge requirements.

Therapy: Radionuclides in radiopharmaceutical preparations used for therapy 
include iodine-125, iodine-131, phosphorus-32, sulphur-35, and yttrium -90. The 
most significant o f  these radionuclides are those associated with the treatm ent of 
thyroid disorders and cancers. A ttention must be given to  the implications o f  the 
direct disposal to  a sewer o f such wastes and the alternative o f collecting and 
storing urine and soiled linen.

5.1.3. Research

Research workers using radionuclides must follow the same controls as other 
users. Their work may involve the following:
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(1) Production and labelling of complex com pounds which could produce waste 
containing MBq quantities of the relevant radionuclide, e.g. tritium  and 
iodine-125.

(2) Study o f  metabolic pathways, using laboratory animals. The animals may be 
sacrificed at various stages o f the work, resulting in active excreta, carcasses 
and bedding.

(3) Clinical applications of prepared compounds in which permission may be 
granted by the appropriate authorities for work involving humans as well 
as animals.

5.2. Scientific research in laboratories, universities and other establishments

Users o f  radioactive materials in research establishments are most commonly 
involved in monitoring the metabolic or environmental pathways associated with 
a large range o f compounds as diverse as drugs, pesticides, fertilizers and minerals. 
Their work may also be related to  areas such as crop production, animal husbandry, 
environmental protection, and assessment of water resources. The range o f  useful 
radionuclides is normally fairly restricted and the activity content o f the labelled 
com pounds low, but at some research establishments rather exotic radionuclides 
may also be used. However, in some cases the labelling o f  a chemical com pound 
may involve complex synthesizing procedures with low yields and the production 
o f small volumes of waste with relatively high concentration o f radionuclides. The 
provision o f adequate facilities at appropriate cost requires judgem ent and could 
restrict the long-term operation and flexibility o f the laboratory.

Carbon-14 and tritium

The radionuclides most commonly employed in studying the toxicology o f 
many chemical compounds and their associated metabolic pathways are 
carbon-14 and tritium , as they can be incorporated into complex molecules with 
considerable uniform ity. Products are expensive and this frequently provides 
control over quantities purchased. Individual purchases are normally up to 
10 MBq. Special care should be taken in work involving the production and 
labelling o f complex compounds within the laboratory if  more than 10 MBq are 
involved at one time. A ttention should also be given to  the possibility of cross
contam ination with other experimental work. Some users take into account the 
chemical form  in considering the disposal routes and may consider for example 
disposals o f  tritiated thymidine to be a thousand times more significant than 
tritiated water for equivalent radioactive concentrations. If concern is expressed 
over the disposal o f such chemicals, a solution may be to  denature them.
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Iodine-125

Iodine-125 has proved to  be very valuable in the labelling o f  proteins. If  users 
intend to produce their own products care must be taken to use the right quanti
ties o f iodine-125. Wastes will include vials in which stocks were purchased, as 
well as columns and laboratory apparatus. Disposal sinks and pipework from sinks 
will inevitably become slightly contam inated. Routine monitoring o f  surfaces and 
wastes must be carried ou t with an instrum ent that can detect low-energy gamma 
rays or X-rays.

Other radionuclides

Table I attem pts to detail most o f the radionuclides currently in use in various 
medical research and teaching establishments. In general, there is a convenient 
radionuclide available for the majority o f the elements o f  interest. The main 
exceptions are nitrogen and oxygen. In other instances equivalents are used for 
one reason or another — such as rubidium-86 for potassium. It is very unlikely 
that alpha-emitting radionuclides (other than uranium and thorium  compounds) 
and long-lived hard gamma em itters such as caesium-137 and cobalt-60 will need to 
be used.

Some research workers need to use radiochemicals on plants and crop samples 
in the field. As long as these crops are not readily accessible to  the public, it may 
be possible for the work to take place as the user would like. However, the 
disposal o f plants to  compost heaps, and faeces to  dung heaps, should be considered 
with care. Short-lived radionuclides (for example o f half-life less than 3 months) 
which are not reconcentrated may be considered for disposal in this way.

5.3. Industrial and other applications

Some industrial processes incorporate radioactive materials into the product. 
Apart from radiopharmaceuticals, the num ber of premises involved in the manu
facture of products such as sealed radioactive sources, luminous devices and 
specialized electronic valves is small. These applications are only referred to 
briefly in this report. Certain industrial premises use particular forms of 
radioactive material for scientific measurements, non-destructive testing, quality 
control, the evaluation o f plant performance, and development and evaluation o f 
their products and processes [7].

5.3.1. Tracers

Applications o f radioactive tracer techniques are diverse and they require 
careful evaluation by both initiators and regulators. The applications may include 
the m onitoring o f a sewage treatm ent works, performance o f a landfill disposal
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site, movement of groundwater [8], or dispersion and dilution o f cooling water 
or gaseous effluents. In most cases short half-life radioactive tracers are employed. 
Such studies, which are normally carried out by specialist organizations, are 
beyond the scope o f this report.

The industrial applications o f radioisotope tracer techniques are frequently 
different in magnitude from those on a laboratory scale. For example, the 
measurement o f slag inclusion in steel has to  be performed along with the m anu
facturing process. As the applications involve the evaluation o f  plant and product, 
the radionuclides selected must relate closely to  those associated with the plant. 
Particular materials incorporating radionuclides may have to  be produced 
especially for the study, and the exact behaviour o f  the radioactive com pounds 
may no t be known. In all circumstances careful account m ust be taken o f  the 
forms in which radionuclides could be present in the products as well as the waste 
streams. Assessments should include the radiological implications o f the proposals 
as a whole.

One o f the most valuable contributions o f  radioactive tracer techniques has 
been in the evaluation o f  wear and corrosion o f key com ponents in plant and 
machinery. Typical examples are in the wear o f engine com ponents, furnace 
linings, and metallic surfaces. In the majority of cases waste is produced as the 
radionuclide slowly wears with the com ponent into the product or the waste 
stream. However, the implications of rapid break-up should be considered in the 
initial assessment.

Tracers can be present in liquid or airborne discharges in the investigation 
o f plant performance, as this may be an integral part o f the measurement. For 
example, krypton-85, argon-41 or xenon-133 could be used to m onitor gaseous 
processes, or bromine-82 to check for heat exchanger leaks.

5.3.2. Sealed sources

Encapsulated quantities of certain radionuclides housed in shielded assemblies 
are extensively used for various applications in hospitals, industrial establishments, 
and in teaching and research institutions. The dom inant radionuclide is present 
in a very concentrated form, the total am ount o f activity being dependent upon 
the application and the nature o f emission from the sources. The main categories 
and radionuclides are:

gamma sources: 60Co, 137Cs, 192Ir and 226Ra
beta sources: 32P, 8sKr, 90Sr, 204Ti
neutron sources: 210Po, 214Sb, 226Ra, 227Ac, 239Pu, 241 Am

(all in combination with Be)
2S2Cf

ionization sources (usually involving emission o f bremsstrahlung or alpha 
particles): 3H (with Ti), 226R a ,241 Am.
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5.3.2.1. Large sealed sources

Large sealed sources are rejected by the users when they have decayed to  the 
extent that they are no longer useful for their original purpose, or because the 
appliance in which they are housed has become outdated , or because routine tests 
have indicated the source to be leaking. No attem pt should be made to  dispose of 
such sources locally. Users are advised to include the ultim ate disposal o f  large 
sources (initial activity o f some 100 GBq or more) in the original purchasing 
contract. In any event, they must be returned to a supplier o r nuclear waste agency 
for further treatm ent or disposal.

5.3.2.2. Other sources

Other sealed sources used in industrial process equipm ent or for the calibra
tion o f laboratory equipm ent or arising from the m anufacture and disposal of 
consumer products present various disposal problems. Sources associated with 
industrial process control or laboratory equipm ent should be returned to the 
m anufacturer and a relevant clause should be included in the original purchasing 
contract.

Radionuclides associated with the manufacture and disposal o f consumer 
products are usually controlled by national legislation after due consideration o f 
various recom m endations [9], The radionuclides incorporated in devices such as 
luminized articles, smoke detectors, and electronic valves have changed, with 
radium being replaced by tritium  and americium-241. In the majority o f instances 
uncontrolled disposal has been taken into account in deciding on the quantities 
o f radionuclides perm itted in such devices. The acquisition or disposal o f ou t
dated stocks should be undertaken with care, especially if the dominant 
radionuclides are radium and its daughter products. The radioactive content is 
usually stated on more recent devices with typical values o f up to 800 GBq of 
tritium  in self-luminous exit signs and 100 kBq o f americium-241 in a smoke 
detector.

6. SOLID WASTE MANAGEMENT

6.1. General

During the course o f work with radioactive isotopes a variety o f materials 
become contam inated and have to  be disposed of. These articles range from 
ordinary paper, rubber gloves and broken glassware to  large pieces o f equipment.
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The activity content and the half-lives o f radionuclides present in them  show 
wide variation. Depending upon the physico-chemical nature and the activity 
levels o f these wastes, several m ethods can be adopted for their handling, treat
m ent and disposal.

6.2. Segregation

In order to  facilitate their subsequent handling, treatm ent and disposal, it 
is necessary to  segregate wastes at the point o f origin. In an ideal situation, each 
type o f  material should be stored separately. This procedure is too expensive 
and com plicated to  be adopted for small radionuclides users. The best m ethod 
would be to categorize materials into two groups, i.e. (1) compressible and 
combustible, and (2) non-compressible and non-combustible. I t is essential to 
segregate inactive trash from active wastes, so that the volume and weight o f 
active wastes handled will be comparatively small. Most o f  the wastes produced 
in the laboratories o f individual isotope users fall into the first category. When
ever solid wastes containing radionuclides o f half-life one year or more (except 
for carbon-14 and tritium ) are produced, they should be stored separately for 
treatm ent by special methods. (For carbon-14 and tritium , special national rules 
may apply.)

Collection practices for solid wastes from radioisotope users normally consist 
o f distributing suitable containers throughout the working area to  receive discarded 
active materials. The containers should be marked with brightly coloured paint 
(normally yellow) and the radiation symbol to distinguish them  from bins meant 
to  receive inactive wastes.

Refuse cans with foot-operated lids are particularly useful for radioisotope 
laboratories. They should be lined inside with heavy-gauge plastic bags, which 
can be sealed and taken out when full. The use o f  plastic bags for trash contain
ment has the advantage that water from wet material will no t seep through them 
and contam inate the floor. Such containers may be used for collection of 
combustible-compressible wastes. Problems associated with the incineration o f 
plastic materials should, however, be recognized.

For non-combustible, non-compressible waste such as broken glassware, 
metal pieces, etc., which require a stronger container, cans may be used 
advantageously.

When animal carcasses are to be dealt with, they may be deep-frozen pending 
disposal o r placed in wide-mouthed jars containing formaldehyde or in plastic bags 
containing quicklime. If a liquid preservative is used, the jar should be capped, 
sealed and pu t in a can and the surrounding space filled with absorbent material 
such as exfoliated vermiculite or diatomaceous earth, so tha t if  the jar breaks, 
liquid does not leak through the can. The packaging o f carcasses and other 
wastes contam inated by longer-lived radionuclides may be dictated by the relevant 
regulations for the national facilities such as shallow burial sites [ 1 ] o r rock cavities [10].
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6.3. Transportation

Plastic bags and cans, when taken out o f the laboratory, should be m onitored 
by authorized persons to  assess the surface dose rate. Surface wipes taken from 
the outer surface o f  the container should be counted to check for removable 
contam ination. Each package should bear a tag with the radiation symbol and 
details o f  its contents if it is not going for disposal with normal refuse in accordance 
with local regulations. Such packages should then be loaded in vehicles cleared 
for such use and taken to  the treatm ent and disposal site. The vehicles should be 
checked routinely for removable contam ination. Detailed regulations for the safe 
transport o f  radioactive materials are published by the IAEA [11] and these should 
be followed together w ith any national regulations.

6.4. Treatm ent

Several m ethods are available for the treatm ent and disposal o f  radioactive 
solid wastes produced by isotope users. Procedures depend upon the type of 
material, activity level, half-life o f the radionuclide contained in it, the radio
toxicity, and the maximum permissible concentration o f  activity release fixed by 
local authorities.

6.4.1. Delay and decay

It is often found that most o f the solid waste produced by individual users 
o f  radioactive materials contains very small am ounts o f  short-lived radionuclides.
In such cases, the wastes can be stored until the activity decays to such a level that 
they can be considered inactive as per the local regulations and dum ped with 
the approval o f the licensing authority  along with municipal refuse. In places 
where a well-organized municipal refuse collection system does no t exist, the site 
co-ordinator may need to  seek the advice o f the licensing authority.

6.4.2. Incineration

Small domestic or institutional incinerators have been found to  be very 
useful for treating combustible low-level wastes produced by isotope users. Such 
devices with com bustion rates o f  up to  40 kg/h and fuel oil/solvent m ixture feed 
rates o f up to  20 L /h have been reported [12]. Incineration will substantially 
reduce the volume of wastes, but the to ta l radioactive content will not be reduced. 
Depending upon the physical and chemical characteristics o f  the compounds 
involved, the activity may end up in the gaseous effluents, deposited on the inside 
surfaces of the incinerator-associated piping, or become concentrated in the ash. 
Although these incinerators may have features such as afterburners and scrubbers 
to  control the emissions, no special air-cleaning units or ash-handling facilities are
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likely to be incorporated. The activity content o f the wastes incinerated must 
therefore be restricted to  levels which will not result in exposure o f the general 
public to  concentrations exceeding those perm itted under national regulations.

The extensive use o f  iodine-125 in medicine and research can create problems 
when the waste is incinerated. The reason for this is that the nuclide is difficult to 
measure in the waste packages and during incineration the iodine escapes through 
the ventilation system and can cause exposure to  the public. The problem is 
greatest during the period when cattle are grazing. One way o f reducing the 
problem  is to  store the waste containing iodine-125 for one year before incineration.

A particular problem arises with the incineration o f organic solvents contain
ing radionuclides such as carbon-14, tritium  and sulphur-35. Small numbers of 
vials containing liquid scintillant can be burned in good solid-waste incinerators, 
bu t great care m ust be taken in loading the waste into the incinerator and ensuring 
that the com bination o f plastic vials and scintillant does not result in incomplete 
com bustion. Many users have found it more convenient to decant vials and modify 
a local incinerator to  accept a solvent feed, o r use commercial waste contractors or 
build their own special incinerators. O ther users, however, have found the 
chemical risks during the decanting operation to  be such tha t they prefer to 
incinerate the whole plastic vial even if  that means using a normal refuse incinerator 
(also see Subsection 7.3.5 regarding incineration o f  organic solvents).

6.4.3. Baling

Baling as a m ethod o f volume reduction prior to  disposal may be adopted for 
compressible wastes produced by isotope users. In this process, it is essential to 
provide a proper hood and ventilation system. Exhaust air filters may be necessary 
in some circumstances.

6.4.4. Ground disposal

The m ethod m ost widely employed by laboratories for disposal o f 
radioactive solid wastes which cannot be treated as ordinary refuse is to bury them  
underground. Siting, design and construction o f repositories — local or centralized -  
have to  be done after careful investigation o f  all relevant factors and taking into 
consideration safety requirem ents [13, 14]. If this is done on a local basis, it is 
necessary to  observe the following details, although in countries where the use o f 
radioactive materials is widespread it may be better to  make use o f already licensed 
and centralized disposal facilities for burial rather than to  have disposals on a 
large num ber o f  premises:

(1) A burial ground used exclusively for solid radioactive wastes should be located 
in a suitable isolated area o f the site, and this area should be duly fenced off 
so as to  prevent access by wild animals and unauthorized persons.
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(2) The choice o f a site for such a burial ground should be governed by factors 
such as the nature o f  the environm ent, including topographical, geological 
and hydrologic characteristics, usage o f  groundwaters and surface waters in 
the area, nature and location o f  o ther potentially affected facilities and the 
assessed anticipated risk o f accidental dispersal o f waste back into the 
environment.

(3) It should be ensured that the total radioactive content o f the wastes buried 
at any time at any one location (i.e. a p it) o f the burial ground does not 
exceed the limits specified by the licensing authority  for the particular 
location.

(4) For ground disposal using ordinary municipal landfill the concept o f annual 
limit on intake (A LI)1 could be considered for guidance as to  the limiting 
criteria for what is acceptable for disposal. An example o f how this is used in 
one country is given in Annex II.

(5) The size o f  the pits should be such tha t they can be dug conveniently and 
safely and accept the com pacted wastes arising from between one m onth’s 
and three m onths’ operation. Typically, such disposal pits should be up to  
two metres deep and several square metres in area. Top cover should be 
included so as to  provide any necessary shielding and prevent people and 
animals gaining access to  the contents. Top cover should be uncontam inated 
earth or rubble to  a depth o f  one metre. If concrete slabs are used on the 
surface, the top  cover could be reduced to  half a metre.

(6) A com plete record should be maintained o f the location o f  each pit (say 
serial num ber), and the identity  and quantity  o f each radionuclide buried in it.

(7) A fter some years the burial area may be wanted for redevelopment or the 
operator may wish to  move elsewhere. If  it can be dem onstrated that the 
radioactive content o f the waste has decayed sufficiently, it may be possible 
to re-use the site. The controlling factors would be dictated by the national 
authority. It will be an advantage if burials have been restricted to  tritium , 
carbon-14 or radionuclides with short half-lives (say o f  less than six months).

(8) It is recommended that groundwater and soil samples be taken regularly from 
various locations in the burial site, as long as it is in use.

(9) Radiation protection measures and simple fire precautions should be observed 
during the burial operations, which should be carried ou t only in the presence 
o f persons authorized for the purpose.

1 The ALI is a secondary limit for occupational internal exposure and is the smaller value 
of intake of a given radionuclide in a year by Reference Man [ICRP Publication 23] which would 
result in either a committed effective dose equivalent of SO mSv or a committed dose equivalent 
in the lens of the eye of 150 mSv or in any other organ or tissue of 500 mSv.
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7. LIQUID WASTE MANAGEMENT

7.1. General

Limited volumes o f liquid wastes containing small quantities o f  radionuclides 
are produced in research and industrial laboratories. From  the point o f view of 
treatm ent and disposal, it is necessary that the licensing authority  fix a limit on 
the activity level o f  the liquid for a particular location and facility, below which 
it can be considered as acceptable for disposal to  sewers and drains. This limit 
will depend upon the nature o f  the sewer system, local regulations and the kind 
o f work being done. Once this limit is fixed the volume o f liquid radioactive 
waste which has to  be handled may be reduced considerably.

In evaluating the impact o f direct disposal, the radioactive-materials 
co-ordinator must identify the possible exposure routes for employees such as 
sewage workers, as well as the degree to  which the element or com pound is likely 
to be reconcentrated or dispersed in the immediate environment and the conse
quent exposure o f  individuals or groups. The licensing authority  must consider 
the impact o f discharges from all licensed premises within a particular environment 
and assess the individual and collective exposures that could result from the 
discharges.

Some regulatory authorities may have particular rules about the disposal of 
even small quantities o f  carbon-14 and tritium  due to  their significant half-lives. 
However, wastes at the levels in use in research laboratories can often be effectively 
dispersed through conventional waste disposal routes, as any subsequent reconcen
tration o f these radionuclides in any exposure pathway is m ost unlikely and the 
collective effective dose equivalent resulting from minor discharges is likely to  be 
regarded by regulatory authorities as insignificant.

The present level o f tritium  in rain water is up to  10 Bq per litre. The level 
fifty years ago was a ten th  o f  this. If the water consum ption o f small premises is 
104 litres per day and the discharge to  the drain is 1 MBq per day, the radioactive 
concentration (w ithout subsequent dilution) is only ten times background and 
only a small fraction o f the level for drinking water tha t would constitute an 
annual limit on intake (ALI) for a m ember o f  the public. The alternatives o f 
collection, treatm ent (if any options are relevant), and storage for decay are often 
unnecessarily expensive and irrelevant. A detailed discussion o f the handling of 
tritium-bearing wastes arising from nuclear power generation can be found in 
Ref.[15],

The present concentration o f  carbon-14 in carbon in the immediate environ
ment is around 16 Bq per gram, twice the value fifty years ago. The ALI for 
workers is just less than 108 Bq although the ALI for inhalation o f  14C 0 2 is just 
less than 1010 Bq. Effective incineration o f 14C-labelled trash is possible. Detailed 
inform ation on the emission of carbon-14 compounds from  nuclear facilities is
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widely available, including m ethods o f  determining radiation exposure resulting 
from discharges.

Unused or outdated stock vials o f some radiochemicals incorporating tritium  
or carbon-14 may be treated by incorporating the contents into a suitable binding 
agent (e.g. cement or cellulose-based fillers) and disposing o f the solidified product 
to  an available landfill site or nuclear facilities disposal site.

7.2. Segregation, collection and storage

The radioactive-materials co-ordinator must examine the extent to  which the 
direct discharge of low-level liquid wastes is in accordance with local or national 
regulations or whether relevant disposal options will require the segregation, 
collection and treatm ent o f wastes.

7.2.1. Segregation

Individual users should keep the radioactive content o f  liquid wastes generated 
in the laboratories to  the minimum. In some circumstances, the wastes need to be 
classified at the point of origin as aqueous and non-aqueous, acidic, alkaline or 
neutral.

Acidic and alkaline wastes are best stored separately from each other. I t is 
quite likely that because o f the inactive ions present in the liquids precipitation 
may occur when they are mixed. Also, mixing will produce heat, which in turn 
may result in the production o f active aerosols.

Non-aqueous liquids should be stored separately from aqueous ones because 
mixing o f this stream with aqueous solutions will pose problems for subsequent 
treatm ent.

7.2.2. Collection

Ten- or twenty-litre polythene carboys with sealing disc and screw cap are 
best suited for collection of aqueous wastes. Each carboy should be distinctly 
marked ‘acidic’ or ‘alkaline’ with proper radiation symbols pasted on. Non- 
aqueous waste may be stored in appropriate polyethylene or o ther plastic 
containers. If glass bottles have to  be used, they should be kept in secondary 
containers to  pro tect them  from breaking. Since organic liquids are likely to 
attack  polythene chemically, it cannot be used for the collection o f non-aqueous 
wastes.

All the containers m entioned should be kept closed when not in use so as 
to prevent evaporation. When the containers are full, the activity level and 
chemical characteristics can be obtained from user records and the contents can be 
analysed. Surface wipes should be taken from the external surface o f the container 
and checked to  make sure that there is no removable external contam ination. The
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containers should be m onitored for radiation levels and tagged, giving all details 
regarding the chemical nature, activity level and concentrations o f  the various 
radionuclides present in the liquid.

7.2.3. Storage

If the volume o f liquid waste produced in a laboratory is not large, it may be 
feasible to  store the waste in a container for a period o f time that will allow the 
radionuclide present to decay to  an acceptable level. In special circumstances 
separate storage tanks may be needed. The tanks should be constructed w ith the 
appropriate materials so that they are immune to chemical attack from the liquids 
stored in them. Since the volume o f non-aqueous wastes produced is normally 
very small, it may no t be necessary to  have separate containers for their bulk 
storage.

7.3. Methods of treatment

7.3.1. Delay and decay

Most o f the radionuclides used will have half-lives ranging from a few hours 
to  a few m onths. As indicated earlier, if it is possible to  collect and store the 
liquid wastes containing radionuclides with short half-lives for a sufficient time, 
this will enable their discharge to  the local sewers when the final activity level 
o f  the liquid perm its such discharge.

7.3.2. Chemical treatm ent

Most o f the chemical treatm ent m ethods involved in radioactive waste trea t
m ent are adaptations o f standard water treatm ent practice and have been 
extensively used for processing large volumes of slightly contam inated wastes using 
equipm ent designed for continuous operation.

It is feasible to  utilize batch chemical treatm ent where the volumes involved 
are small and where the nature o f the wastes points to  chemical treatm ent as the 
best m ethod. I t is suitable for application where the required reduction o f  activity 
in waste is small. Generally, not more than 90% removal o f  activity is achieved 
when a m ixture o f radionuclides is present in a liquid.

Chemical coagulation involves destabilization, aggregation and binding 
together o f  colloids. These colloids form chemical floes that adsorb, entrap or 
otherwise bring together suspended m atter. Commonly used coagulants are alums 
and iron salts, lime and soda ash, etc. For removal o f specific isotopes, special 
m ethods are available, for example copper o r nickel ferrocyanide is found to  
remove almost all the caesium activity from liquid wastes. The user is advised to  
refer to  the standard literature for technical details and conditions o f  treatm ent.
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The chemical treatm ent o f liquid waste generates small volumes o f  sludge with 
specific activity several times higher than that of the liquid treated. On the rare 
occasions when chemical precipitation is practised, the sludge may be solidified 
in suitable containers using Portland cement. The resulting product is treated as 
solid waste and is disposed o f appropriately.

7.3.3. Ion exchange

One o f the simplest m ethods o f  decontam inating radioactive liquid waste 
is to mix it in batches with ion-exchange resin; the contam inants are concentrated 
on the exchanger. A more efficient m ethod is to  pack the resin in a column and 
pass the liquid through it, allowing sufficient retention  time. Regeneration o f the 
exhausted resin by suitable eluting solution results in liquid wastes in which almost 
all the ionic activity is concentrated and thus having a high specific activity. 
Synthetic ion-exchange resins are quite expensive and when the am ount o f total 
dissolved solids in the influent is high most o f  the capacity o f  the resin is utilized 
by inactive ions.

Certain naturally occurring clay minerals such as vermiculite and montmoril- 
lonite show excellent ion-exchange capacity for specific elements such as caesium, 
which is not easily removed in conventional chemical treatm ent processes. These 
materials can either be used in batch experim ents or in columns. It has been found 
that vermiculite removes almost all caesium activity from liquid wastes at pH 10 
or above. The material is non-regenerable and can be conveniently handled as 
solid waste. Ion-exchange processes for the treatm ent o f  radioactive wastes are 
discussed in greater detail in Ref.[16].

7.3.4. Evaporation

Evaporation as a m ethod o f volume reduction can sometimes be adopted 
profitably if the liquid to  be evaporated has a low dissolved solids content. The 
resulting concentrates, containing almost the entire activity in the feed, must be 
handled by suitable methods. The process may involve special expertise and 
equipment. It is therefore not generally recommended as a m ethod o f treatm ent 
for liquid wastes produced within laboratories, though on a smaller scale simple 
evaporation techniques can be adopted beneficially.

7.3.5. Incineration o f  organic, solvents

The local incineration o f  organic solvents containing radioactive contam inants 
should only be undertaken by persons who are properly trained. The incinerator 
must be adequately designed and constructed.
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Design requirements

A good solvent incinerator should be structurally sound, easy to  light, be 
protected against explosion, include provision for flame control, and allow the 
controlled admission o f air to  the stack. With such features a combustion tem 
perature o f  around 1200°C should be attainable, resulting in the destruction o f 
carcinogens and production o f clean com bustion gases that do not require further 
treatm ent. The incinerator should be sited away from air intake systems and 
buildings.

Operator rules

Operators must be trained. Stringent rules m ust ensure tha t the solvent feed 
is turned o ff whenever the flame goes ou t o r the air blower fails and tha t an 
adequate period of tim e elapses before relighting. Face shields, gloves and fire 
extinguishers (foam, dry powder, and carbon dioxide) m ust be immediately avail
able. To avoid thermal shock, the com bustion cham ber should be prewarmed 
before burning solvent.

Basic design

There are many basic designs available. The main features include controlled 
feeding, injection and com bustion o f  solvent residues, appropriate design o f 
com bustion chambers and off-gas systems and adequate safety features against 
explosion, etc. Combustion rates achieved are o f the order o f 160 L/h.

Radioactive con ten t o f  organic solvents

The radioactive content o f organic scintillants is mainly due to  low-energy 
beta-emitting radionuclides such as carbon-14 and tritium . O ther radionuclides 
may be present in organic solvents as a result o f  some laboratory process. Site 
controllers must ensure that solvent wastes accumulated on site for local disposal 
comply with local rules and do no t include casual disposals o f more highly active 
solvents.

7.4. Direct disposal

For small quantities o f radioactive liquid wastes containing nuclides o f  short 
half-life, as in the case o f hospitals, teaching and research institutions and small 
m anufacturing and testing units, the m ost convenient and widely practised m ethod 
is to  discharge the wastes into sewers under controlled conditions. It is no t always 
necessary to  dilute the waste liquids before discharge because a dilution factor o f 
at least 100 is generally obtained in the sewer before the liquid waste finally
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reaches the main stream. Before discharge, the specific gross activity o f  the liquid 
as well as the concentration o f individual radionuclides in the m ixture should be 
assessed. Certain guidelines for the discharge o f  liquid wastes containing radio
nuclides are given below:

(1) A user may dispose o f radioactive liquid waste into the sewer system pro
vided the quantity  and concentration are within local limits.

(2) All radioactive materials so released into the sewer system should be 
completely soluble and dispersible in water. Liquid, if it contains suspended 
solids or sediments, may need to  be filtered prior to discharge. Non-aqueous 
wastes which are immiscible with water should be completely excluded.

(3) The activity o f the liquid waste acceptable for disposal into the sewer system 
must be in accordance with the regulations o f  the com petent authority. For 
setting such limits the concept o f annual limit on intake (ALI) could be used. 
An example o f  how this is used in one country is shown in Annex II.

(4) Acidic wastes should be neutralized and, if necessary, filtered before they 
are discharged into the sewage system.

(5) If the liquid discharged contains toxic or o ther chemicals which will adversely 
affect sewage treatm ent, the user must obtain permission from the local 
authorities before the liquid waste is discharged.

(6) A complete and up-to-date record of all the discharges made by the isotope 
user is to  be maintained. This record should be available for inspection by 
the licensing authority  at any time.

8. AIRBORNE DISCHARGES

Radioactive airborne discharges can take place as a result o f  the use o f a 
radioactive gas, o r may arise from the production o f  a radioactive gas or vapour 
during an experim ent, or a process involving surface abrasion. In the normal 
range o f work done by radionuclide users in the categories covered by this 
docum ent, there are few circumstances in which the treatm ent o f  airborne 
emissions could be regarded as either necessary or justifiable.

If gases or dusts are likely to  result from the work, it should be done in a 
fume cupboard or in the immediate vicinity o f an extraction hood. Fume 
cupboard exhaust trunking from active laboratories should be isolated from  normal 
ventilation systems and exhausted so as not to re-enter the building or adjacent 
buildings.

The emissions that are most likely to take place from laboratories in which 
radioisotope users are working are tritium  and tritiated  water, carbon dioxide 
( l4C 0 2), iodine and xenon-133. It is unlikely tha t any specific treatm ent will 
prove practicable, although portable filter assemblies are available for extracting 
iodine and xenon.
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If  filtration o f exhausts has been deemed necessary in particular circumstances, 
then the appropriate type o f filter m ust be employed for trapping the emission; 
the installation m ust have been proved; the assembly tested and the performance 
continuously m onitored. The used filters m ust be treated as solid radioactive 
waste.

9. CONCLUSIONS

This report has outlined some o f the applications o f radioactive materials 
that are quite distinct from  those associated with the nuclear fuel cycle. I t has 
stressed the im portance o f work planning, and strict radiological control. Adequate 
work facilities such as non-absorbent and cleanable work surfaces, walls, and floor 
coverings are required. Quantities o f radioactive materials required for many 
applications are small and their subsequent disposal is uncomplicated.

Management approaches and m ethods o f dealing with wastes produced by 
users o f radioactive materials are given in the report, which may serve as guidance 
to  both  small and large users. Safety assessment o f such m ethods should be per
formed to indicate the m ost appropriate m ethods o f waste disposal for each 
practice or use. Although radioactive materials pose a health hazard, if they are 
handled properly and the necessary precautions observed they form an excellent 
tool with which to  solve complicated problems in medicine and industry.
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Annex I

RADIOACTIVE-MATERIALS CO-ORDINATOR -  FUNCTIONS

Reference has been made throughout this publication to a site ‘radioactive-materials 
co-ordinator’, and to the various functions of this person, who is appointed with the appropriate 
independence and authority by the site management as responsible for co-ordinating purchases 
and stocks of radioactive materials and the disposal of the wastes.

The person should:

(1) Be aware of the characteristics of local on-site and off-site disposal facilities for both 
ordinary refuse and radioactive waste, including sanitary landfill sites, sewage works, storm 
water systems, incinerators, etc.

(2) Introduce an approval and recording system for purchases of radioactive substances that 
relates to on-site stock control methods as well as to any regulations that may be imposed 
by national authorities.

(3) Make contact with all users of radioactive materials so as to ensure that minimum quanti
ties of radioactive substances are ordered and used in preplanned operations and that the 
radioactive content and/or volumes of radioactive wastes are minimized and controlled by 
segregation, treatment and monitoring.

(4) Ensure that reports are made by users detailing (a) wastes that are produced, (b) quantities 
assigned to disposal routes, and (c) wastes requiring special treatment. From these reports 
he should produce site records.

(5) Liaise with off-site operators of any centralized facilities that may be available for accepting 
prepared radioactive wastes.
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Annex II

REGULATIONS ISSUED BY THE 
NATIONAL INSTITUTE OF RADIATION PROTECTION (SWEDEN)

ON RADIOACTIVE WASTE NOT ASSOCIATED WITH NUCLEAR ENERGY

This is an English translation o f  the Swedish regulation (SSI FS 1983 : 7) on radioactive 
waste not associated with nuclear energy, issued on 20 December 1983 by the National Swedish 
Institute o f  Radiation Protection.

The National Institute of Radiation Protection hereby issues the following regulations 
with the authority of §5 of the Radiation Protection Act (Swedish Code of Statutes 1958:110).1

§ 1. These regulations are applicable to the handling of solid and liquid wastes not associated 
with nuclear power. The activity limitations specified in §§ 3 and 8 for wastes apply to each 
of the laboratories (or corresponding entities) covered by licences issued by the National 
Institute of Radiation Protection for work with radioactive substances and at which the work 
results in the production of radioactive wastes.

Note. The handling of the waste may be controlled for reasons other than radiation 
protection, for example because of its toxicity or risks of infection or fire.
In such cases, these regulations form a complement to other rules or regulations.

§ 2. If the conditions laid down in §§3—11 are complied with, the radioactive waste may be 
disposed of locally without specific permission from the National Institute of Radiation 
Protection. Local deposition means either release into the municipal sewage system or delivery 
to a municipal refuse disposal plant.

Liquid wastes

§3. The total activity released into the sewage system must not exceed 10 ALImin per month 
per laboratory (or corresponding entity). On each occasion on which a release is made, the 
activity must not exceed 1 ALImin and must not exceed 100 megabecquerel. On each release 
occasion flushing shall be carried out with considerable quantities of water.

The values for ALImin which shall be applied are shown in Table A1 in Appendix 1. If 
the waste contains more than one radionuclide, the maximum permitted activity shall be 
calculated in accordance with Appendix 1.

§ 4. Release of radioactive waste should be confined to one release point for each 
laboratory.

§ 5. At each release point there shall be a visible sign stating that radioactive waste may be 
released into the sewage system.

§ 6. Urine and faeces from patients who have been administered radionuclides in connection 
with diagnosis or treatment may be released to the sewage system without the activity being 
included in the maximum permitted activity in accordance with § 3.

1 Note. Indented paragraphs are not legally binding regulations.
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§ 7. Liquid scintillation solutions need not be treated as radioactive wastes provided that:

(1) the solution does not contain alpha-emitting radionuclides
(2) the activity does not exceed 10 becquerel per millilitre or, if the solution contains only 

3H or 14C, 100 becquerel per millilitre.

Solid wastes

§ 8. The total activity supplied to a municipal refuse disposal plant must not exceed 10 ALImin 
per month per laboratory (or corresponding entity). The maximum activity per waste package 
must not exceed 1 A L I^ .

The values for ALImin which shall be applied are shown in Table A1 in Appendix 1. If the
waste contains more than one radionuclide, the highest permitted activity shall be calculated in
accordance with Appendix 1.

§ 9. The dose rate at the surface of a package supplied to a municipal refuse disposal plant 
must not exceed 5 microgray per hour.

§ 10. Radioactive waste in solid form shall be packed in such a way that there is no risk of 
leakage. When a package is sent to a municipal waste disposal plant it shall carry the following 
markings:

(1) the warning sign for ionizing radiation
(2) information as to the sender
(3) information as to the dominant radionuclide and its activity
(4) a statement that the surface dose rate does not exceed 5 microgray per hour.

Note. The design of the warning symbol for ionizing radiation is specified in Swedish 
Standard Specification SIS 03 12 10.

Special rules apply to the transportation of radioactive material.

§ 11. Packages sent to a municipal refuse disposal plant must not contain any sealed radioactive 
source with an activity exceeding 50 kilobecquerel.

Note. The term “sealed radioactive source” is defined in the Swedish Standard 
Specification SS-ISO 1677.

§ 12. While waiting for disposal, radioactive waste shall be stored in a satisfactory manner. 
Storage of waste which is subject to change due to fermentation, rotting or similar processes 
shall be given special consideration.

§ 13. At the place of storage there shall be a conspicuous sign stating that radioactive waste is 
stored there.

***

These regulations come into force on January 1st 1985.

29

This publication is no longer valid. 
Please see http://www-ns.iaea.org/standards/



Appendix 1 to  Annex II 

THE CONCEPT ALImin

ALI (Annual Limit on Intake) is defined in ICRP Publication 30, ‘Limits for Intakes of 
Radionuclides by Workers’ and it constitutes limits for intakes of radioactive substances by 
persons employed in radiological work. The limits have been set paying regard to the ICRP 
annual dose limit (50 mSv). There are different ALI values for oral intake as opposed to 
inhalation. A L I ^  for each nuclide means the lesser of these two values.

Table A1 shows the values for ALImin for the most common radionuclides. For nuclides 
not included in the table, the National Institute of Radiation Protection specifies applicable 
values.

Wastes which contain more than one radionuclide

For wastes released into the sewage system or sent to a municipal refuse disposal plant the 
following shall apply to the total activity during one month:

2 ----——  <  10
k A U ^ , ,

For the activity in one individual package the following shall apply:

2 - ^ -  < i  
k A U ^ k

For each occasion on which a release is made to the municipal sewage system the following shall 
apply:

2 —^ —  < 1  
k A U ^ k

The total activity, however, must not exceed 100 megabecquerels.
Ak is the activity of radionuclide k and ALImin k is the ALImjn value in the table for 

radionuclide k (see Table Al).
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TABLE A l. ALImin VALUES FOR SOME COMMON RADIONUCLIDES

Nuclide ALImjn(Bq) Nuclide ALImin <Bt))

3H water 3 X 109 85Srm 8 X 109
14C 3 X 108 85Sr 6 X 107
1 8 p 2 X 109 87Srm 1 X 109
22 Na 2 X 107 89 Sr 5 X 10°
MNa 1 X 108 90 Sr 1 X 109
32 p 1 X 107 90 y 2 X 107
33p 1 X 108 "T cm 3 X 109
3S s 8 X 107 "Mo 2 X 108
MC1 9 X 106 n3Inm 2 X 109
MC1 6X 108 124Sb 1 X 108
42K 2X 108 123I 1 X 108
« K 2 X 108 125] 1 X 106
45 Ca 3 X 107 129] 2 X 10s
47 Ca 3 X 107 1301 1 X 107
51 Cr 7 X 108 1311 1 X 106

55 Mn 3 X 107 1321 1 X 108
SJMnm 1 X 109 109Cd 1 X 106
54Mn 3 X 107 usCd 3 X 107
56Mn 2 X 108 U1ln 2 X 108
^Fe 3 X 107 1J9Cs 9 X 108

55 Fe 7 X 107 130Cs 2 X 109
59Fe 1 X 107 131 Cs 8 X 108
56Co 7 X 106 134Cs 3 X 106
57 Co 2X 107 134 Csm 4 X 109
58Co 3 X 107 l37Cs 4 X 106

“ Co 1 X 106 131 Ba 1 X 10s
63Ni 1 X 108 133Bam 9 X 107
64 Cu 4 X 108 13SBam 1 X 108
67 Cu 2X 108 140 La 2 X 107
62 Zn 5 X 107 169Yb 2 X 107

6SZn 1 X 107 192Ir 8 X 106
69Znm 2 X 108 198 Au 4 X 107
67 Ga 3 X 107 197Hg 2 X 108
“ Ga 6 X 108 203 Hg 2 X 107
73As 8 X 108 201 ij*j 6 X 108

74 As 8 X 107 204 T1 7 X 107
7SSe 6X 107 210Pb 9 X 103
76Br 1 X 108 2,2Pb 1 X 106
77 Br 6 X 108 2l0Po 2 X 104
82 Br 1 X 108 226 Ra 2 X 104
8lRbm 9 X 109 232 Th 4 X 10'
81Rb 1 X 109 238U 2X 103
“ Rb 2 X 107 241Am 2 X 102
“ Rb 7 X 108 244Cm 4 X 102
89 Rb 1 X 109 2S2Cf 1 X 103
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