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Chapter 33

GUIDELINES FOR STARTING A NUCLEAR MEDICINE LABORATORY

2Excerpts from a booklet published by
Bhabha Atomic Research Centre, India.

Introduction

Nuclear medicine is concerned with diagnostic and therapeutic uses of artificially
produced radioisotopes. Nuclear medicine procedures are of two types:

1. In-vivo procedures in which radioisotopes are administered to patients, and

2. In-vitro procedures where radioactivity is added to the samples collected
from the patient. Again, in-vivo tests are classified into:

(a) imaging procedures, and

(b) non-imaging procedures.

An imaging procedure, which is more popularly known as scintigraphy, provides
an image of the distribution of administered radioactivity in the organ or tissue of
interest at any given time. Non-imaging procedures are aimed at measurements of
gross radioactivity in the organ of interest at any particular time. Serial
measurements provide a time-activity curve.

With the availability of many short lived radionuclides, nuclear medicine has now become
an important medical specialty with wide applications in various branches of medical science.
The following Table lists some of the major applications of nuclear medicine.

Major applications of nuclear medicine.

(i) imaging of various organs such as thyroid, liver, brain, bone, kidneys etc.,
(ii) thyroid function studies, and therapy of thyroid disorders,

(iii) investigations of central nervous system,
(iv) absorption studies in gastroenterology,
(v) nuclear haematology, e.g., blood volume studies, iron kinetics, etc.,

(vi) renal function studies,
(vii) nuclear cardiology,

(viii) in-vitro studies like radioimmunoassay (RIA) of various hormones.

Portions which had information of strictly local nature have been omitted (for example, what is available where in India).
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With the help of an on-line computer, coupled to a gamma camera, a variety of dynamic
function studies can also be performed using appropriate radiopharmaceuticals. Therapeutic
uses of radionuclides are mainly limited to treatment of thyrotoxicosis and thyroid cancer with
13II, polycythemia vera with 32P and intracavitary instillation of radiocolloids for malignant
ascites and effusions.

A nuclear medicine department caters to the need of all clinical departments, and,
therefore, should be located at a central place. At the same time, because of radiation hazard
associated with the use of radionuclides, planning of the departments should be done in such
a way that there is no radiation exposure to non-radiation workers and the general public, and
also that radiation workers handling radioisotopes receive minimum exposure.

When a decision to set up a nuclear medicine department is taken, the authorities are
faced with a number of questions regarding the location, planning for the premises, equipment
needed, availability of trained medical and paramedical personnel and the procedure for
obtaining clearance from various authorities.

2. Categories of Nuclear Medicine Laboratories

On the basis of the nature of work carried out and the facilities required for different
types of radioisotopic diagnostic procedures, nuclear medicine laboratories can be classified
into 4 categories, two pertaining to in-vitro procedures only and two to in-vivo as well as in-
vitro procedures.

2.1. Category 1:

2.2. Category 2:

2.3. Category 3:

2.4. Category 4:

2.5. Radionuclide
Therapy:

Laboratories performing in-vitro radioassays with ready to use
kits.

Laboratories carrying out radiolabelling of ligands with
preparation of kits and using them for in-vitro radioassays.

Laboratories performing in-vivo non-imaging procedures and in-
vitro assays.

As category 3, but also performing in-vivo static/dynamic
imaging procedures.

Categories 3 and 4 nuclear medicine laboratories can also
undertake treatment of thyrotoxicosis with l31I and polycythemia
vera with 32P, with a few added facilities. The treatment of
thyroid cancer with 13II, however requires elaborate arrangements
for hospitalization and barrier nursing of patients, high activity
radioactive waste collection and disposal, etc., and is not dealt
with in this chapter.
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3. Basic Requirements for various categories of Nuclear Medicine Laboratories

The basic requirements for a nuclear medicine laboratory are considered under three main
headings:

(1) space;

(2) equipment, and

(3) staff.

Exact requirements depend very much on the number and types of studies to be carried
out in the laboratory. However, a broad outline of these requirements for different categories
of nuclear medicine laboratories are given below.

3.1. Category 1 Nuclear Medicine Laboratory

3.1.1. Space: A simple in-vitro laboratory requires only two rooms, one for storage and
handling of radionuclides kits and the other for counting. The total area of the laboratory
may be about 30 m2. A typical layout for a Category 1 laboratory is given in Fig. 33.1.

3.1.2. Equipment: Major items of equipment normally required for an in-vitro laboratory
are:- A well type scintillation counting system for 125I measurements (an automatic counting
system will be needed if the workload is large), a refrigerator, a clinical centrifuge, a shaking
water bath, a magnetic stirrer, a vortex mixer and an interval timer. Enough quantities of
pipettes, dispensers, disposable syringes, needles, assay tubes, etc., are also required. A
refrigerated centrifuge capable of taking 100 or more assay tubes may be needed for larger
workloads and for some type of radioimmunoassays.

3.1.3. Staff: Staff requirements for a category 1 in-vitro laboratory depends primarily on its
workload. For a modest laboratory analyzing about 100-200 samples per week, one or two
trained persons may be adequate.

3.2. Category 2 Nuclear Medicine Laboratory

3.2.1. Space: In addition to rooms for sample collection and counting, an RIA laboratory
carrying out radiolabelling of ligands requires a separate room for radiolabelling. Iodination
leads to considerable amount of radioactive waste, which calls for an additional room for
radioactive waste handling and decontamination. A Category 2 in-vitro nuclear medicine
laboratory with a moderate workload, therefore requires an of about 50 m2 having 4 rooms.
A typical layout is given in Fig. 33.2.
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3.2.2. Equipment: For routine assay work the equipment mentioned in Category 1 are
adequate. But, for iodination work, a ventilated fume-hood, automatic fraction collectors,
iodination tubes, various sized columns for chromatography, a portable contamination monitor
for monitoring and enough number of radioactive waste receptacles - foot operated waste bins
for solid waste collection and polythene carboys for liquid waste collection - will also be
required.

3.2.3. Staff: For a Category 2 laboratory, in addition to staff recommended for category 1,
one or more technologists trained in iodination of compounds and preparation of kits, etc.,
are required. One of the staff members who has undergone training in RIA or in handling
radionuclides, must be designated as Radiation Safety Officer (R.S.O.) for ensuring safe
handling of radionuclides.

3.3. Category 3 Nuclear medicine laboratory

3.3.1. Space: The space needed for a nuclear medicine laboratory carrying out in-vitro and
in-vivo non-imaging procedures would depend on the number and types of investigations.
Generally, a laboratory carrying out thyroid function studies, renography, haematology etc.
would require an area of about 100-120 m2. Separate rooms should be provided for
radionuclide storage and handling, dose administration, counting, decontamination and waste
handling. A suggested plan for Category 3 laboratory is shown in Fig. 33.3.

3.3.2. Equipment: Equipment needed for non-imaging procedures would be dictated by
particular procedures to be carried out. A collimated scintillation probe and a counting
system is required for carrying out thyroid function measurements, whereas for renography
a double probe system with ratemeter-recorder attachment is required. An isotope calibrator
for dose measurement and a portable contamination monitor for routine monitoring of work
surfaces, hands, etc., are essential. For in-vitro procedures all the equipment mentioned
above are needed.

3.3.3. Staff: The staff requirement again depends on the workload. For a medium sized
nuclear medicine laboratory, the staff requirement is - one nuclear medicine specialist and one
or two technologists. The nuclear medicine specialist is a clinician who has undergone
training in nuclear medicine for a period of at least one year, leading to a degree or diploma
in nuclear medicine. The technologists should be science graduates, having undergone
training in medical radioisotope technology. One member of the staff should be designated
as R.S.O., with responsibility to ensure safe handling of radionuclides.

3.4. Category 4 Nuclear medicine laboratory

3.4.1. Space: Space requirement for a nuclear medicine laboratory depends on the number
of imaging devices available and the workload. If radionuclide imaging is to be carried out
with ready to use radiopharmaceuticals obtained from the supplier, then, in addition to the
space provisions indicated for Category 3 laboratory, an additional space of about 25 m2 for

658



GUIDELINES FOR STARTING A NUCLEAR MEDICINE LABORATORY

locating the gamma camera / rectilinear scanner should be adequate (a total area of about 125
m2). It should be borne in mind that rectilinear scanners are almost obsolete and it is
advisable to procure a gamma camera which is more versatile and also permits dynamic
studies with the help of a computer. In order to utilize the capabilities of the gamma camera
to the maximum, radiopharmaceuticals with short lived radionuclides, such as "Tc™, are
essential. Preparation of "Tc"1 radiopharmaceuticals from cold kits requires an extra space
for an in-house radiopharmacy and hence additional area is required. A Category 4
laboratory having a gamma camera with computer system and an in-house radiopharmacy,
therefore, requires an area of 200 m2. A typical layout of Category 4 laboratory is given in
Fig. 33.4.

3.4.2. Equipment: The main equipment needed for a Category 4 laboratory, in addition to
those for category 3, is a gamma camera system or rectilinear scanner. A trustworthy isotope
calibrator for dose measurement and one or two portable contamination monitors are
indispensable.

3.4.3. Staff: The staff requirement again depends on the workload. At least one nuclear
medicine specialist and two or more technologists are essential. One of the staff members
should be designated as R.S.O. with the responsibility to ensure safe handling of radioactive
materials and safe disposal of radioactive waste.

4. Special Aspects of Radiation Protection

4.1. Radiation protection is an important aspect to be taken care of in all types of
nuclear medicine laboratories. Salient features of radiation protection requirements are
outlined below.

4.2. Adequate number of radiation monitoring instruments, as mentioned above, should
be procured for routine monitoring and survey. A variety of radiation monitoring instruments
are available from many suppliers. A portable contamination monitor with aural alarm is an
essential instrument for each type of nuclear medicine laboratory. In addition, beta gamma
survey meter with measurement ranges from a few mR/hr to a few R/hr is also required
where large activities are handled.

4.3. Persons handling radionuclides should wear personnel monitoring badges while
working in the nuclear medicine laboratory. However, the staff members of Category 1
nuclear medicine laboratory need not have personnel monitoring service as the activities
handled in these laboratories are very small.

4.4. For effective implementation of radiation safety in the nuclear medicine laboratory,
following points are to be ensured:

(a) All walls and doors of the radioisotope laboratory are to be
painted with a good quality washable paint.
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(b) Minimum furniture should be used.

(c) Top surfaces of work tables should have a smooth laminated
finish.

(d) Adequate number of lead containers and interlocking lead
bricks should be procured for providing adequate shielding
in storage and handling rooms.

(e) Remote handling devices for different operations in fc
radioisotope laboratory should be procured.

(f) Ventilated fume hoods for handling large doses of I31I and
for carrying out extraction of "Tcm should be installed.

(g) The drainage ducts of the radioisotope laboratory, i.e. of
sinks, wash basins, toilets, etc., should be connected directly
to the sanitary sewage system.

4.5. Ordinary wall thickness is sufficient, in general, for the diagnostic nuclear medicine
laboratory. However, extra wall thickness may be required for rooms where patients
administered with 13II therapy doses are to be hospitalized.

4.6. A qualified and trained Hospital Physicist can be employed in big hospitals handling
large activities of radionuclides for diagnosis, therapy and substantial R & D work.

5. Radioactive Waste Collection and Disposal

The radionuclides used in nuclear medicine are mostly short lived, the half life being in
the range from a few hours to a few days. Normally, "Tc™ and 13II are the two major
radionuclides that are used for nuclear medicine procedures in large quantities. Other
radionuclides used at relatively low levels of activities are 5lCr, 57Co, S8Co, S9Fe, 32P and 125I
and a few others. Because of the short half lives, the disposal of radioactive waste is done
by the simple method of decay and disposal.
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Fig. 33.1 A typical plan for a RIA laboratory (only kits). Total area: - 30 m2
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Fig. 33.2 A typical plan for a RIA laboratory including facility for iodination.
Total area: ~ 50 m2



-14

ISOTOPE
STORAGE

&
HANDLING

DECONTAMI-
NATION

D
•D4 D

DOSE
ADMN.

PHYSICISTS/
TECHNICIANS

D

OL
LL)

PHYSICIAN

D

RECEPTION
&

RECORDS

CORRIDOR ENTRANCE
D
I D

IN-VIVO
COUNTING

W

Dr
D

D

IN-VITRO
COUNTING

W T

W.

T.

RIA
SAMPLE

COLLECTION
&

HANDLING

W.T.

1§J

I
L
E
T

I
L
E
T

PATIENT'S
WAITING

E-EXHAUST, H-HATCH, S-SINK, W.T. - WORK TABLE

Fig. 33.3 A typical layout for a nuclear medicine laboratory (in-vivo non-imaging
studies and RIA work only). Total area: - 100 m2

o
c
Bnr
2
S53
JO

>
73

2
o
c
n
M

73

n

>
o
I
o
73



PATIENTS
WAITING

RIA
SAMPLE

COLLECTION
& HANDLING

W. T.

IN-VITRO

COUNTING

PHYSICISTS/
TECHNICIANS SCANNER

DJLD

ENTRANCE

RECEPTION
AND

RECOROS
PHYSICIAN1

D *•
"rt — .N

EX A'/ | S

D

o,
I

I

D«

CORRIDOR

, D -

IN-Vlv/O
COUNTING

OOSE
ADMN.

1$.
DARK
ROOM

GLASS
ENCLOSURE }

POR > . * « « «
COMPUTER
GAMMA CAMERA____

D -
W. T. S

D
Tc-99mm

GENERATOR
AND

RADiOPHARMACY

DECONTA-
MINATION

RADIOISOTCPE
STORAGE

W H S

n
>

73

Fig. 33.4 A typical layout for a diagnostic nuclear medicine centre (in-vitro
laboratory, m-vivo non-imaging and imaging diagnostic procedures)
Total area: ~ 200 m2


