
����������	
�������� 
�����
�������������������
���

�������������	���

�
��
����� �������	�������

�����	�

�����������	
����
����	���
����
��
������	�������������
��������

������������ �	��!�"���	���������
#$



IAEA Part 0. Introduction to Nuclear Medicine 2

1936 Therapeutic use of Na-24 (leukemia) Hamilton et al

1936 Therapeutic use of P-32 (leukemia and Lawrence 

polycythemia vera)

1941 Therapeutic use of iodine in hyperthyroidism Hertz et al

1942 Therapeutic use of iodine in treatment of

metastasis from thyroid cancer

1945 Therapeutic use of Au-198 in treatment of Muller

malignant effusion

1958 Treatment of bone metastasis with P-32 Maxfield

1963 Medical synovectomy using Au-198 Ansell
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Thyroid mass (g) 30
Prescibed dose (Gy) 100

Uptake measurements
Time Standard Patient Bg Uptake
(h) (cpm) (cpm) (cpm) (%)
0 - - - 73,5
2 21736 5521 100 25,1

24 18286 12338 100 67,3
48 17165 10565 100 61,3

144 13171 5754 100 43,3

Effective half-life (d): 4,0
Activity to administer (MBq): 240

Activity (MBq)=

23.4*mass(g)*dose (Gy)
uptake at t=0 (%)*T eff (d)

1�
)�651��������8�'��������#++/9�2!*$$0�$2$

Example of method to calculate administered activity from
Prescribed absorbed dose to the thyroid
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Used to determine the size of the organ
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- Safe handling of

radionuclides
• ordering

• receipt and unpacking

• storage

• dispensing

• internal transports

• radioactive waste

- Safe administration
• Identification

• pregnancy

• breastfeeding

,�

- The radioactive patient 
and dose constraints

- The hospitalized patient
•instructions to nursing staff

•personal monitoring

•discharge of the patient

•contamination survey

•radioactive waste

- Emergency procedures
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• The hospital routines for ordering 
radionuclides should  be followed.

• When ordering, be sure the delivery 
service  knows where in the hospital to
deliver the material.

• Make sure that the package is expected and that no
un- authorized person will open it upon arrival.

• Before unpacking, check the package. In case of 
damage,  contact your RPO.
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•The radionuclide should be stored in a controlled
area, according to national regulations and local
rules.

•The radionuclide should always be stored in a lead
container and preferably in a fridge to prevent 
evaporation

•To reach an acceptable external dose rate,
a thickness of 1-4 cm lead is generally required.
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• Protective clothing

• Lead shields (bench top shield,
vial shield, syringe shield)

• Keep the vial in the fume hood
and on a tray with lips, lined with
plastic backed absorbent pads.

• Handle the vial with forceps or
similar long handled instruments.

• Cover the vial with lead after use.

• Check the activity

• Fill in the necessary records
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If the administration of radiopharmaceutical to the patient takes 
place far from the dispensing room, use a transport container with
absorbent pads.

Make sure that a warning sign is on the container together
with patient name, activity and date.

Travel by the most direct route avoiding more heavily
occupied areas 
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•As a rule, a pregnant woman should not be treated with a

radioactive substance unless the therapy is required to save her

life: in that extremely rare event, the potential absorbed dose and

risk to the fetus should be estimated and conveyed to the patient

and the referring physician. Considerations may include

terminating the pregnancy.

•Thyroid cancers are relatively unaggressive compared to most

cancers. As a result both surgical and radioiodine treatment are

often delayed until after pregnancy. In general, if any therapy is to

be performed in pregnancy, it will be surgery during the 2nd or 3rd

trimester.
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• Menstrual history is often not adequate to ensure that a

patient is not pregnant. In most developed countries, it is

common practice to obtain a pregnancy test prior to

high-dose 131 I scanning or therapy for women of

childbearing age unless there is a clear history of prior

tubal ligation or hysterectomy precluding pregnancy.

• In spite of the above, it still happens that pregnant

women are treated, either because of false histories or

because the pregnancy is at such an early stage that the

pregnancy test is not yet positive.
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Becoming Pregnant after Irradiation

ICRP has recommended that a woman not become pregna nt until 

the potential fetal dose from remaining radionuclides is less than 

1 mGy. 
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Radiopharmaceutical      All activities     Avoid p regnancy
up to (MBq)           (months)

Au-198 colloid 10000 2
I-131 iodide (thyroid ca) 5000 4
I-131 iodide (thyrotoxicosis) 800 4
I-131 MIBG 5000 4
P-32 phosphate 200 3
Sr-89 chloride 150 24
Y-90 colloid (arthritic joints) 400 0
Y-90 colloid (malignancy) 4000 1
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Can the patient leave?
Any restrictions?
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1000 MBq
I-131

0     0.5           1                           2 m

0.5    0.1      0.06             0.03 mSv/h

Contamination                                   External

saliva
perspiration
breath
urine
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Excretion      Concentration              Contamina tion

Saliva              <2 MBq/g utensils       2 kBq
Perspiration     <20 Bq/cm 2 surfaces  10 Bq/cm 2

Breathing         100 Bq/l air               1 Bq/l
Urine               < 500 kBq/ml toilet         2 kBq /cm2

Administered activity: 1000 MBq I-131

Generally larger than the derived limits for contamination
given by ICRP (publ 57)

����������	
����������������������������
���



5:����
���&
��� 	������

�&

 

3 � Sv /h/ GBq , 0 m 
0                     0,5 1 m 

26 9                    3 � Sv/h/ GBq 

6 � Sv /h/ GBq , 0 m 

Sm-153

Activity concentration in urine: 0.3 MBq/ml/GBq
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Dose rate at 0.5 m
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Typical Graph of the Exposure Rate  at 1 m  from th e Patient 
Administered with of 5.5 GBq I-131
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• only one patient in the room

• easily cleanable surfaces 

and utensils

• extra lead shields

• door closed

• warning sign outside

• restrictions for visitors

• decontamination equipment
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Areas are covered with plastic 
backed absorbent material.
Areas are covered with plastic 
backed absorbent material.

1�����������������������

King Faisal Specialist Hospital and Research Center, Riyadh
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Radiation sign posted on door and on Patient Chart

King Faisal Specialist Hospital and Research Center, Riyadh
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Background Calibration Threshold

Bq/cm2/cps

9 - 10 cps 0,74 100 cps
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Typical Graph Showing the Percentage of  I-131that 
is Retained in the Body  of a Patient 

Administered with 5.5 GBq
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The RPO should supervise the removal of contaminated waste, the 

decontamination of the room and equipment and should make a 

documented final survey of the room.

Monitoring and decontamination must be done prior to entry of 

nursing and housekeeping staff to prepare the room for the next 

patient.

When survey and decontamination procedures are complete, the 

RPO will remove the radiation warning sign and notify the nursing and 

housekeeping staff that the room is now clear for general use.
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A “Radiation Safe” sign 
is  posted at the door 
after decontamination 
and clearing of room

King Faisal Specialist Hospital and Research Center, Riyadh
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Furniture and telephone sets 
are surveyed.

Areas suspected to be 
contaminated are surveyed .

King Faisal Specialist Hospital and Research Center, Riyadh
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• Assay of removable contamination on potentially contaminated surfaces

shall be performed at regular intervals and whenever contamination is

suspected, using a «wipe test». 

• Results shall be recorded and maintained for periods established by 

regulatory authorities.

I-131 
Derived 
Limit: 
3 Bq/cm2



�������	���
��������
�����
����
��
������
��	��
���
���� '�

����*BB�(������-�
�-)��B����B��##%#B��##%##%#2%-��&



:��	
����
����

������,3������������
�#���
 ')

• *�����#����!
7��
�����
����!	��
���
��������	���
������
!
����
��
������
������������	�@
������

������
��
�����
��	��
���
������

• "� 
���#���� �
����

��
$��
����

• +����
��#���� �
F$�����
��!����������
��
������

��

�
���
���.��;
���



������������A����

''

Shall be collected, segregated and disposed
of according to national regulations and local
rules.
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All patient radioactive wastes 
are placed in a  plastic bag and 
the bag is properly tagged.
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A room for interim storage of radioactive waste should be 
available. The room should be locked, properly marked and if 
necessary ventilated.

Each type of waste should be kept in separate containers 
properly labeled to supply information about the radionuclide, 
activity concentration etc. Flammable goods should be kept 
apart. 

Records should be kept where the origin of the waste can 
identified.

Short-lived radionuclides such as I-131, Sm-153, Sr-89 etc. 
should, after segregation, be stored for decay during a period 
of time established locally by the RPO, taking into account all 
applicable national regulations.
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Therapy patients

Different policies in different countries: 

•Use separate toilets equipped with delay tanks or 

an active treatment system, or

•Allow the excreta to be released directly into

the sewer system.

The Regulatory Authority should define the principles taking

the environmental impact into consideration 
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A safety assessment will reveal the possible situations 
where emergency actions have to be taken:

•Loss or damage of radioactive material

•Spillage of radioactive material

•Fire

•Medical emergencies

•...

A detailed contingency plan covering actions to be
taken in any foreseeable accident should be available.
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In the event of death of a patient who has recently received a
therapeutic dose of a radionuclide, care has to be taken to ensure
that personnel receive as low a dose as possible at all stages prior
to the burial or cremation.
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Precautions that should be given are depending on the residual activity 
and the expert advice provided by the RPO and may involve the following:

• preparation for burial or cremation should be controlled by a competent person,

• relatives should be prevented from coming into close contact with the body,

• people should not be allowed to linger in the presence of the coffin,

• all personnel involved in handling the corpse should be instructed by 

the RPO and monitored if appropriate,

• all objects, clothes, documents etc that might have been in contact 

with the deceased must be tested for contamination,

• it may be expedient to wrap the cadaver in waterproof material 

immediately after death to prevent spread of contaminated body fluids,

• embalming of cadavers should, if possible, be avoided,

• autopsy of highly radioactive cadavers should be restricted to the absolute     
minimum
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