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Abstract
Hospitals are producers of great amounts of all kind of waste, including dangerous

waste. The dangerous waste can be toxic, biological, radioactive, or a mixture of several
kinds. There are clear procedures how to store and treat every kind of waste separately,
according to its characteristics. Radioactive waste should be disposed only to a central
radwaste disposal site. If the radioactive waste is mixed with biological waste, and contains
long half-life isotopes, it should be neutralized from biological hazards before disposal to
radwaste storage site. If the waste contains short half-life isotopes, it should be stored in a
proper intermediate storage facility till a complete decay of the radioactive elements, and
then treated as not radioactive. The existing procedures are old and a new proposal for
radwaste procedures was prepared but not implemented.. After several repetitive violations
of the old regulations by some hospitals, it was decided to advance the implementation of
the new proposal. This proposal consists of a detailed procedures for segregation, storage,
decay and disposal of radwaste. It is based on the new recommendations of the IAEA. The
responsibility for implementing the regulations is on the producers of the waste. This paper
summarizes the violations and describes the main recommendations for improving
procedures. The competent authority used moderate enforcement steps because of the delay
in the implementation of the new procedures. As a matter of fact, the competent authority
concluded that it's own investigation procedures should improve, but we shall not discuss it
in this paper.

1. INCIDENTS

An employee of a landfill saw that untreated biological waste was brought to the landfill. He
was worried and decided to tell it to a journalist The journalist made a secret investigation to
verify this information. He found that in several occasions, the biological waste was disposed
untreated. Usually, after treatment, the biological waste is milled and then disposed. The
journalist saw that biological waste was brought to the landfill in the same pckages as it was
picked up from the hospitals. There were suspicions, based on "information", that mixed
biological and radioactive waste was brought too to the landfill. Although inspections in the
landfill revealed no negative findings, it was decided to monitor the waste that was brought
to the treatment plant. A special investigation committee investigated the journalist findings.
One of the conclusions of the committee was to carry out constant inspections in the
treatment plant, in order to inspect the waste and supervise work procedure. This inspector
is an employee of the Ministry of Health in order to be completely independent. During first
five months of activity, this inspector found 11 incidents where radioactive waste was
brought to the plant.
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Table I: List of incidents
Institute

A
B

C
Dl

D2W

E

G

Times

3
2

1
1

1
1

1
1

Radioisotope
involved

99mTc

Mix of 9ymTc,
201T l j67G a

6 /Ga
Mix of 9ymTc,

201T1?67Ga

Mix of 9ymTc,
201T l67G a

Th-Nitrat
133Xe

Activity
(Bq)

20GBq

Dose rate
(fiSv/h)

0.34-1.25
0.3-1.0

0.75
3.0

0.5

2. DETAILED DESCRIPTION

Incident #1:
Nature: On 4.3.99 a sealed package of 29 GBq of 133Xe was brought to the treatment plant.
It was found simply by reading the lable. Since the inspector had no radiation counter, no
radiation survey was made.
Causes: After long time of storage and no use of, a worker decided to dispose it. Instead of
putting it in the intermediate radwaste site he put it with biological waste.
Actions taken: No one notified the competent authority. The package was sent back to the
owner in order to send it to a radwaste disposal site.

Incidents #2, #7, #11:
Nature: On 21.3.99,4.7.99 and 8.8.99 waste of the same nuclear medicine department
containing ""Tc was brought to the plant. While incident #2 occurred the inspector still did
not have radiation counter but he could read the radioactive signs and warnings. After this
incident, the competent authority lent a radiation counter to the inspector. So in other
incidents he could made a survey of the waste. The maximum radiation measured in these
incidents was 1.25 u.Sv/h.
Causes: A worker of the nuclear medicine department knew that the radiation was higher
then it should be. He decided to dispose it hoping that till the waste will arrive to the plant the
radiation will be low. The procedures in this institute are good usually, and the radwaste is
decayed before disposal.
Actions taken: The radwaste was returned to the producer for further decay. It cost him
some money. Since, for the time being, fine penalties cannot be imposed, it was kind of a
substitute.

Incidents #3, #5, #8, #10:
Nature: On 9.6.99,24.6.99,13.7.99 and 3.8.99, waste of three different nuclear medicine
departments containing 99mTc, 201Tl and 67Ga was brought to the plant. Maximum radiation
measured was 3.0 (a.Sv/h.
Causes: Violations of regulation made by untrained workers and no supervision by Radiation
Safety Officer.
Actions taken: The radwaste was returned to the producer for further decay. It cost him
some money. Since, for the time being, fine penalties cannot be imposed, it was kind of a
substitute.
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Incident #4:
Nature: On 13.6.99 waste was brought to the plant packed in a radwaste package and signed
with the international radioactivity sign. Radiation survey showed no change comparing to
the background radiation. The Radiation Safety Officer came to the plant and took back the
package. He made an investigation and concluded that the package contained only biological
waste with no connection to radioactivity.
Causes: Untrained worker used the wrong empty package.
Actions taken: Regulations updating, training to all relevant workers.

Incident #6:
Nature: On 2.7.99 a sealed package of Thorium-Nitrate was brought to the plant.
Causes: The material was about 20 years in the laboratory. It was never used. During
cleaning and rearrangement of the laboratory, all old or unused material were disposed. By
mistake this material arrived to the biological waste treatment plant.
Actions taken: The packaged was returned to the sender in order to send it to radwaste
disposal site.

Incident #9:
Nature: On 29.7.99 a waste containing small quantity of 67Ga was brought to the plant.
Radiation was 0.75 piSv/h.
Causes: The material was injected to a patient not in the nuclear medicine department, by an
untrained young phisician. The waste was considered as biological and not as radioactive.
Actions taken: Procedures updating, training and suspension of relevant activities to end of
training.

3. GENERAL PRINCIPLES

3.1 Objective
For the specific problems described above, the objective of regulations is to provide

essential guidelines on: Minimization and segregation of Low-Level Radioactive Waste
(LLRW) generated by the application of radionuclides in medical treatment and research,
comprising a wide range of sources.

3.2 Minimization and Segregation
Waste Minimization and Segregation are essential components to ensure that the

activity and the volume arising from any practice are kept to a minimum reasonable level.
The Management of Segregate Waste comprise some steps, as handling, treatment,
conditioning, interim storage, transport and final disposal. These steps will be more effective
if appropriate procedures and operational techniques take place. For this purpose it is
necessary to characterize and segregate the waste into suitable categories carried out at the
point of origin. Every department shall maintain its ionizing radiation source inventory at a
minimum and remove material that is no longer required by:
a. disposing of the low level waste without delay;
b. placing into short term storage in the medical, biological or chemistry waste store,

any material which is medium term waste and may be disposed of after a period of
storage not longer than one year;

c. placing in the long term store any material that cannot be disposed of within one
year.
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3.3 Solid Low-Level Radioactive Waste (LLRW)

Most of the low-level radioactive waste (LLRW) generated in industry, medicine,
and research institutions is in dry solid form such as cardboard, paper, plastic, cloth and
glass. Typical LLRW are:

Table II: Types of Solid LLRW Waste

Combustible waste

Non-Combustible waste

Biological waste

Sealed sources

Compatible

Non-Compatible
Compatible

Non-Compatible

wet

dry

damp

Tissues, swabs, paper, cardboard, plastics,
rubber, gloves, protective clothes, filters
Carcasses, wood,
Glassware, metallic items, scrap, brick,
plastics (PVC), etc.
Carcasses, excreta, radium needles,

Absorbent materials, tubes/vials with liquids,
dressings
Tissues, gloves, disposable plastics, animal
bedding, sharps, metallic items, glassware
Human or animal tissues, organs, limbs, animal
carcasses, cultures, faeces

Consumer Products
Spent Sources Tm <90 d
Spent Sources T1/2 >90 d

Smoke detector, timepieces, etc.
Calibration sources, 1-125, Ir-192, etc.
Calibration sources, Po-210,
Co-60, s-137, etc.

All categories may not always be applicable. For example segregation of combustible
and non-combustible waste is relevant only if there are suitable incinerators available.

4. MANAGING LLRW WASTE
Predispose management in this document includes handling, treatment, conditioning

and interim storage of solid segregated waste. Figure 1 presents a block diagram provides the
strategies and steps necessary, based on a combination of three sites, at Users' installations,
at a centralized waste processing and storage facility or disposal.

5. LABELING OF RADIOACTIVE WASTE FOR STORAGE

The information listed bellow should be included on the labels of radioactive waste
packages, and also entered into a system of clear, permanent and legible records; together
with the diagram block it will be helpful for planning the interim storage of each user.

5.1 Label Content
a an informative description of the waste:
b details of its origin;
c physical, biological and chemical characteristics;
d radionuclide inventory;
e radiation level;
f package volume and weight;
g details of other specific hazards, i.e. infectious;
h further details relevant to additional treatments necessary before the waste

is sent for storage or final disposal;
i name, signature of responsible person.

5.2 Caution Radioactive Material Sign
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5.3 Tag Structure
a TAG NUMBER:
b DATE:
c DEPARTMENT:
d NAME:
e DESCRIPTION OF WASTE:

RADIONUCLIDE CHEMICAL FORM ACTIVITY kBq

TOTAL:

[1]

[2]
[3]

[4]

[5]

[6]

[7]

[8]

[9]

SIGNATURE
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Fig. 1: Diagram block on Waste Segregation and Management from Users of Medicine
and Research
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