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Production of
Radiation
Sources and
Equipment

Chapter-1
Ensuring Tools for the Professionals
Isotopes are atoms of the same element that have differing atomic
mass. This is because they have different number of neutrons in
their nuclei though the number of protons remain identical. Some
isotopes possess unstable nuclei due to certain combinations of
neutrons and protons. Such a combination occurs naturally or can
be artificially induced by bombarding the atoms with neutrons in a
nuclear reactor or with charged particles in an accelerator. These
unstable atoms attain stability by emitting energy in the form of
radiations such as alpha, beta or gamma rays. Therefore, they are
termed as radioisotopes. Radiations and radioisotopes have been
playing increasingly an important role in all walks of life such as
agriculture, cancer treatment, medical diagnosis, sterilization of
medical products, quality control, non-destructive testing and
processing of polymeric materials. These new tools of the atomic
era have contributed significantly to economic as well as societal
well being of the country. However, production and processing of
radioisotopes has been a challenging task. It requires setting up of
large facilities like nuclear reactors or accelerators for irradiation and
sophisticated “hot cells” with remote control operations for processing
them into desired forms. In addition, one has to always race against

are unstable and decay with time. Thanks to the vision of
Dr. Homi Bhabha, India today is among one of the very few countries
in the world that have facilities and know-how for production of a
range of radioisotopes and associated equipment for value addition.
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time during production and processing operations as radioisotopes
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The reactor facilities for isotope production
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Introduction

research in the fields of agriculture, biology, industry and medith

Among the major discoveries of the 20 century, the discovery of artificial radioactivity stands out because it was the

cine during the last five decades. In fact, development of application-specific radioisotopes constitutes one of the most out-

first time in human history that man learnt to transform atoms
of one element to another. Until then, chemical reactions used

standing achievements in our country directed towards peaceful uses of atomic energy. It is interesting to revisit evolution of

to be concerned only with changes occurring outside the
nucleus. With the newly acquired knowledge of the nuclear

this major nuclear programme in India.

structure and nuclear reactions, the expertise to change the
nucleus of atom at will became available. It was soon learnt

The Early Years

that radioactivity could also be induced even in normal atoms
of an element in a controlled manner by bombarding the nucleus

place India at the forefront of radioisotopes production for peaceful applications. However, this required either a nuclear reactor

with projectiles like neutrons, protons or other charged particles. A whole new world opened up when it came to light that

or a high energy particle accelerator. Prior to 1956, there were
small accelerators operating in the country. These included a

radioisotopes could be beneficially used for a variety of purposes. Today, of course, a large number of professionals

million-electron-volt cascade generator at the Tata Institute of
Fundamental Research, Mumbai and a cyclotron at the Uni-

depend upon radioisotopes for very specific applications. For
example, Nuclear Medicine physicians in a large number of

versity of Kolkata. Both these machines were designed for
research purposes and were not suitable for large-scale pro-

hospitals across the country look forward to utilizing radioisotopes, like iodine-131 and technetium-99m, for diagnosis of

duction of radioisotopes. With the commissioning of APSARA
reactor in 1956, it became possible to take up regular produc-

serious ailments like thyroid disorder, heart dysfunction or
cancer and in some cases even for treatment of cancer. Simi-

tion of radioisotopes on a scale required by industry as well as
scientific institutions throughout the country. Initially, APSARA

larly, engineering professionals in organisations such as oil
refineries depend upon gamma scanning while investigating

was operated at low power, and radioisotopes could be produced only on a small scale. The irradiated material containing

columns for malfunction. The gamma scanning technique,
mastered by scientists at Bhabha Atomic Research Centre,

radioisotope had to be chemically processed to obtain the
desired form and purity. Chemical processing involved tech-

wherein a process column is scanned using radioisotopes
emitting gamma radiation, allows on-line detection of fault in

nique like simple dissolution, solvent extraction, ion exchange,
or oxidation-reduction process. All these operations had to be

the column. There is no need to shut down the column which
would otherwise result in production loss of crores of rupees.

carried out with remote handling or in the safe glove boxes
keeping in view the radiation levels associated with the

Radioisotopes are increasingly being used by researchers in
frontier areas of biotechnology research. For example, DNA

samples. Drs. Taylor, Welch and H.D. Sharma were the scientists intially responsible for the Radiochemistry and Isotope

fingerprinting used for forensic detection, requires the use of
phosphorous-32 labeled nucleotides. A radioisotope thus

production. The production of radiosotope started in a temporary shed in Bombay Dyeing godown at Cadell Road, Mumbai.

comes to the rescue of yet another professional.
Radioisotopes have, therefore, become indispensible tools

The small amounts of radioisotopes produced at APSARA were
enough to give the scientists the required confidence in han-

for highly qualified professionals working in areas related to
medicine, chemical process industries, biotechnology, hydro-

dling radioactive materials. In due course, the reactor reached
full power and remotely operated processing equipment

logy, quality control and so on. These versatile tools of the atomic
era have made significant contribution towards advances in

required for handling the radioisotopes were set up. Isotopes
such as iodine-131, phosphorous-32, gold-198 and sodium-24

It all began with the vision of Dr. Homi Jehangir Bhabha to
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PRODUCTION OF RADIATION SOURCES AND EQUIPMENT
Ensuring Tools for Professionals

(CIR, so called because the project was in collaboration with
Canada, later named as CIRUS) was conceived. At that time it

at Mumbai, Vallabhbhai Patel Chest Institute and Safdarjung
Hospital in Delhi, mainly for exploratory experiments.

was one of the largest reactors for isotope production. It placed
India among the world leaders in this technology. This reactor

Radioisotopes are produced by exposing ordinary atoms to
a strong beam of neturons or charged particles. This alters

provided three distinct irradiation facilities, all specially
designed for handling highly active samples:

nuclei of some of the original atoms making them radioactive.
The neutron beams from nuclear reactors are the most effec-

i) “Self-serve” units: These are ingenious mechanisms for

tive for production of isotopes. An ideal reactor for isotope production should have high neutron flux and an irradiation cham-

positioning samples inside the reactor without having to shut it
down. Samples are clipped into hollow aluminium holders about

ber of large volume.

the size and shape of a cricket ball, and rolled into the reactor
down curved channels passing through the shield. The mecha-

Units of Radioactivity

nism is then used to position them for irradiation in a region of
moderately high neutron flux just outside the reactor core.

1 Curie = 3.7 x 1010 disintegrations per second (dps)

There are six separate self-serve units, each able to hold five
samples. This facility is ideally suited for production of short

SI unit is Becquerel
1 Becquerel = 1 dps

lived radioisotopes

APSARA was primarily a research swimming pool type

ii) Inner irradiation rods: These are dummy fuel elements
that contain isotope samples instead of uranium fuel. Each

reactor and not designed to produce radioisotopes. The samples
had to be lowered through the water directly into the core. The

holds thirty samples. They are placed right inside the core,
where the flux is very high. But they have a large negative

reactor core was very small having room only for 36 samples
held in four separate watertight containers. The flux was also

effect on reactivity. So a very limited number of these special
rods can normally be used. Loading and unloading is done by

not high enough for producing useful amounts of many isotopes. It was soon realized that this reactor would not be able

drawing the rod up into the shielded fuelling flask above the
reactor and transferring it to a special location in the storage

to meet the increasing future demand of radioisotopes. A reactor with the following characteristics, was required for isotope

block, where the samples can be removed by remote control.
A range of radioisotopes such as iodine-131, molybdenum-99,

production:
z The reactor should have high flux of neutrons so that

chromium-51 and cobalt-60 are generally produced using this
position.

the loss of neutrons absorbed in the samples can be
compensated.

iii) Outer irradiation rods: These are located outside the

z There should be an easy arrangement for getting
materials in and out of the reactor, preferably without

reactor core, in the graphite reflector. The flux here is lower
than in the core, but the effect of samples on reactivity change

interfering with the working of the reactor.

is negligible. So a much larger number of rods can be used.
The design provides space for a maximum of 90 rods.

It is a challenging technical task of handling and shielding
the samples as they pass through the reactor shield without

CIRUS attained criticality on July 10, 1960 and with this,
India joined the select group of countries having the capability

allowing radiation from the core to escape, and also during
retrieval of active samples.

of producing radioisotopes, such as cobalt-60, on a large scale.
At about the same time in 1960, interim isotope laboratories

To meet these requirements, the Canada India Reactor

were established at Trombay, to handle moderate levels of
activity of a few hundreds of curies. With the availability of
4
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were produced and extracted in purified form in small quantities. These were given to KEM Hospital and Bombay Hospital
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watches and clocks, leveling bubble illumination, ‘Pef’ lighters,
‘Defile’ markers, map readers, aim post marker illumination,
gun sight illumination, aircraft signaling and bridge markers
and other applications. Coating of copper activated zinc
sulphide phosphor with beta particles emanating from
promethium-147 provides self-sustaining light sources.
Gaseous tritium filled and sealed light sources were prepared
with a wide variety of shapes and sizes. These sources are
made in the form of sealed glass tubes after etching with
hydrogen fluoride (HF) and coating with copper activated zinc
sulphide phosphor and filling with tritium gas. Labelled fertilizers which were required by agricultural research organisations
as radiotracers to study uptake of plant nutrients like phosphorous, sulphur and calcium under varying agroclimatic conditions were developed and supplied as and when required.
These included 32P single super phosphate, 35S single super
phosphate, 45Ca single super phosphate, 32P triple super phosphate and 26 other various combinations. All the above labelled

An operator unloading radioisotopes from one of the six ‘self-serve’
facilities of CIR

radioisotopes like cobalt-60 and iridium-192, work on the
development for radiation technology applications was initiated.

a focus to develop reliable synthetic procedures for regular
production and supply of 14C, 3H, 35S and 32P-labelled com-

During the years 1957-1965, several young scientists joined
Dr. Iya in the Isotope programme, many of them through AEC

pounds. These have a wide range of research applications as
radiotracers in various methodologies and state-of-the-art tech-

Training School while some through open recruitment. These
scientists after initial training in India were further trained at

nologies. The production programme of labelled compounds
was built up to ensure optimum yields, in millimolar and

laboratories in France, Belgium, USA, UK and Canada in various aspects of isotope production and radiation technology.

submillimolar scales of operation, sound quality control and
time-tested storage conditions. Research efforts were directed

Meanwhile, a primary isotopes laboratory was established in
1960 – 61 for production and supply of a variety of primary

towards development of new synthetic routes and for improvement of existing procedures for processing, purification and

isotopes, self-luminous compounds and labelled agrochemicals. The need for self-luminous compounds was mainly to

quality control of labelled compounds. With the commissioning
of a new and dedicated laboratory at the BARC-BRIT(Board of

cater to the demand of various defence establishments, army
workshops and research laboratories in the country for local-

Radiation and Isotope Technology) Vashi Complex, Navi
Mumbai in 1989, the labelled compounds programme took a

ized nocturnal illumination of various types of military gadgets
and instruments. The first batch of self-luminous compounds

great leap forward in ensuring synthesis and supply of a variety of radiolabelled compounds, in providing better customer

with luminosities upto a few hundred microlamberts were prepared with zinc sulphide phosphor mixed with promethium-

service and satisfaction and also in bringing a sizeable reduction in the import of these speciality radiochemicals. More than

147 source. The luminous compounds immediately found
numerous applications in industries for uses like emergency

300 of these radiolabelled compounds are being supplied to
almost 1300 users in 150 research institutions in the country.

“EXIT” signs for industries and theaters, aircraft exit signs,
instrument and panel illumination, mines, dark room markers,

Further, to meet the challenging demands of the biotechnologists, a speciality laboratory, JONAKI, for production of
5
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products continue to be in great demand even today.
Labelled Compounds Laboratory was set up in 1961 with
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Production plant for phosphorus-32 at the Atomic Energy
Establishment, Trombay
32

P-labelled oligonucleotides was commissioned on the cam-

pus of the Centre for Cellular and Molecular Biology at
Hyderabad in 1989. With this, the country took another big

Dr.G.L.Miles, Assistant Director, Australian Atomic Energy
Commission’s Research Establishment trying out remote handling
equipment fabricated in India at dispensing plant for medical
radioisotopes at Trombay (June 17, 1963)

step in the development of biomolecules, which are essential
for advanced molecular biology, genetic engineering and biotechnology studies.
Coming back to the early years, the production and handling of Curie level radiation sources offered the opportunity to
develop equipment for industrial applications of radioisotopes.
One of the first development was a radiography camera in the
year 1962. This contained iridium-192 source useful for testing 12 mm to 50 mm thick steel or equivalent samples to detect
cracks, blow holes or faults in welds and castings. At the same
time, development work on designing and fabricating a gamma
irradiator for radiation related research was also undertaken.

The Chain Reaction-Volume 03 #150 Dt.:07/11/2005

International recognition came almost immediately. In October
1964, a large cobalt-60 gamma irradiator was exported to Union
Industrial Research Institute of Taiwan through the International
Atomic Energy Agency (IAEA). The irradiator consisted of four
cobalt-60 capsules containing about 3500 curie encapsulated
in stainless steel pencils housed in a specially fabricated
4-tonne flask. Another 3-ton panoramic irradiator containing
two cobalt-60 sources was exported to South Korea around
December 1964.
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Paradeniya, Ceylon (now Sri Lanka) under an IAEA
programme.
The use of cobalt-60 for cancer treatment had
started at the Tata Memorial Centre with the commissioning of telecobalt facility in late 1959 and by the year
1968, almost 30 radiation therapy units were in operation in the country. Most of these machines were
imported from the Atomic Energy of Canada Ltd.
(AECL) through their agents in India, The International
General Electric Company (India) Ltd.. The cobalt-60
source had to be replaced every five years. After
acquiring indigenous capability in the production
of cobalt-60, an agreement was signed by
Dr. H.N.Sethna, Director BARC on May 24, 1964 with
the representatives of the company that in future
cobalt-60 produced at Trombay would be loaded in all
the Canadian supplied therapy units in India. This was
another example of achieving self-sufficiency in a frontier area of technology.

Radioisotopes being exported from Santa Cruz airport, Mumbai

The interest in using radiation sources for
a number of applications was growing rapidly
in the country and in the neighbouring countries. Excellent research was being done at uni-

agricultural applications. This necessitated
development of gamma cells which could be
used for small laboratory scale experiments.
The first Gamma Chamber-300 housing about
1300 Curies of cobalt-60 was designed and
fabricated in 1967. This had a volume of 300
mL and was suitable for research purposes.
Before this, similar systems had to be imported
in the country. Around the same time, a low
dose rate irradiator, specially useful for agricultural applications was designed, fabricated
and exported to Department of Agriculture,

Prime Minister Pandit Jawaharlal Nehru sees Isotope remote manipulators
operated by Dr. V.K. Iya
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versities specially for studying the effect of
radiation on materials, and for developing new
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store cobalt-60 in million curie quantities for source fabrication
were setup. This facility is known as Rajasthan Atomic Power
Plant Cobalt-60 facility (RAPPCOF) at the power reactor site
Rawatbhata near Kota in Rajasthan and the “High Intensity
Radiation Utilization Project” (HIRUP) at Trombay. The HIRUP
facility was commissioned in 1973/74 and the RAPPCOF was
commissioned in 1975. These facilities enabled handling,
encapsulation and storage of large amounts of cobalt-60. Production of mega Curie quantities of cobalt-60 helped India to
emerge as a major player in the international arena. The
125,000 Curie cobalt-60 source initially loaded at the Asia’s
first radiation sterilization plant (ISOMED) Mumbai was fabricated at HIRUP facility.
Deputy Prime Minister Morarji Desai being briefed about the
radioisotope processing methodologies

Prime Minister Indira Gandhi and Dr. Vikram Sarabhai visit the
Isotope laboratories at Trombay

Another turning point in the isotope programme came with
the commissioning of Radiological Laboratories in 1970. The
hot cells in the Radiological Laboratories were designed to
handle upto 100,000 Curies of cobalt-60. However, the expanding demand of cobalt-60 sources necessitated setting up
Margaret Thatcher, the then Prime Minister of UK, visiting
the cobalt-60 production facility at Trombay

facilities to produce it from nuclear power reactors under construction at that time. The necessary facilities to handle and
8
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A view of Cobalt Facility (RAPPCOF), Kota, Rajasthan

CyanMagentaYellowBlack

Energy Authority and a Management Consultant, was set up
by Secretary, DAE to examine future potential of isotope technology and recommend steps necessary to achieve the
desired growth. In the year 1987, the Committee recommended
formation of a separate Board of Isotope Technology to administer the programme on a commercial basis and having a strong
R&D linkage with the Isotope Group in BARC.

“... the Isotope Programme today presents a striking
example of the potential of a harnessed technology remaining largely untapped due to inappropriate institutional framework and management practices...”
T.S.Murthy explaining isotope processing to visiting scientists
from Afghanistan

J.C. Shah
July 4, 1987

Recommendations of the Committee were accepted by
DAE and the Board of Radiation and Isotope Technology (BRIT)
formally started functioning from March 1, 1989. From 1989
onwards many outstanding scientists of DAE have been leading BRIT programme.Today, about 100 radioisotopes and a host
of radioisotope products are processed in the laboratories of
BRIT for supply to users all over India. The supplies include
technetium generators and kits, non-technetium
radiopharmaceuticals, labeled compounds of carbon-14, tri-

Hot Cell at Trombay used for fabricating radioactive sources

By the year 1980, the isotope programme had attained

radiation therapy as well as custom-made formulations for
research and tracer applications in industry and hydrology. It

maturity and much had been achieved. By that time it was
catering to the needs of a wide spectrum of applications rang-

has a capacity to produce about two million curies of cobalt-60
of low to medium specific activity (30-70 Ci/g), suitable for

ing from primary isotopes, radiochemicals based on iodine-131,
phosphorous-32, molybdenum-99, labeled fertilizers and pes-

radiation processing application. The ISOMED plant in BRIT
also provides irradiation services for radiation sterilization of

ticides for agronomical research, luminous sources, cobalt-60
sources for irradiators, iridium-192 sources for industrial radi-

medical products. The present annual turnover of BRIT is about
Rs.32 crore.

ography and so on. This capability of making radiation sources
and setting up of irradiators had made India one of the seven

Challenges in Radioisotope Production

countries in the world with fully developed radiation technology. However, for it to realize its full potential, time had come

Radioisotopes are produced either by bombarding normal
nuclei with neutrons or by charged particles. While nuclear
reactors produce neutron rich isotopes, cyclotrons are used to

to charter a new course outside the domain of a R&D set up. A
Committee headed by J.C.Shah, former Chairman, Atomic

produce neutron deficient radioisotopes. Production of
9
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tium, phosphorous-32 and phosphorous-33 for biotechnology
research, radiation sources for radiography, gauging and

cells with remotly controlled manipulators for safe handling,
especially when the activity to be handled is high. The challenge is even more when the half life of the isotope is short and
one has to race against time during processing. Especially,
the production of isotopes like gallium-67 using cyclotron facility was a major challenge where special targets are to be
designed for irradiation inside the cyclotron. The target needed
to be adequately cooled in order to prevent its melting due to
deposition of large energy over a small area.

Remote handling of high intensity radiation sources

A picture of one cesium-137
source (to show the tiny
magnitude which has to be
handled and welded)

Radioisotopes for Nuclear Medicine Applications
A radioisotope for use in a nuclear medicine application,
has to be tailor-made in a form which directs it to the desired
part of the body where it will concentrate. This type of formu-

Target for internal irradiation for production of gallium-67
at Variable Energy Cyclotron, Kolkata

lation is referred to as a radiopharmaceutical. The amount of
radioactivity in such a case is very small, typically of the order
of a few milli Curies. However, the particular radioisotope may
be required in a number of chemical forms, each designed to
target specific tissues in the human body. The radioisotope
produced, therefore, needs to be changed into the desired
chemical form. The radiopharmaceutical is injected into the
body, where it comes in contact with the body fluids. Like any
other drug, it must be proved safe and clinically effective for
the purpose intended through a series of trials before it is
adopted. Thus, a radiopharmaceutical is the end product of
extensive chemical processing of a substance after it has been
irradiated in a nuclear reactor or in a cyclotron. This typically
involves:

Copper backed internal targets for production of gallium-67
at VEC, Kolkata
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radioisotopes for different applications poses different challenges. One common challenge is the requirement of shielded
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application in diagnostic tests. The excellent coordination
chemistry of technetium makes it possible to form a variety
of organ specific compounds that are used for diagnostic
tests.

d) Chromium-51 : This isotope is produced in the reactor
by the Szilard-Chalmer’s process when potassium chromate
is irradiated. The difference in the valency state of 51Cr produced (+3) is utilized in effecting a chemical separation of the
product from the target material.
Extensive quality control tests are done on all these prod-

Inside view of radiopharmaceutical production laboratory at BRIT

ucts to ensure compliance with pharmacopoeia specifications.
z extracting the radioisotope from the bulk of the target

substance by a suitable method,
z removal of undesirable chemical and radioisotopic

Radioactive Sources for Use as Industrial Tracers

impurities,
z chemical conversion to a biologically specific form,

part of India’s programme of nuclear technology. These include
leak detection and blockage location in buried pipelines and

Radioisotope applications in industry form an important

z making the preparation suitable for administration to

other industrial systems, mixing and blending studies, material
inventory, wear rate measurement, studies on residence time

patients, and
z testing the quality of the final product.

Unlike normal drugs, which are stable over a long period,
radiopharmaceuticals have half-lives typically ranging from a

ers for industrial applications are very different from those of
radiopharmaceuticals. The important desired characteristics of

few minutes to a few days. Therefore, all these procedures need
to be completed in a short span of time to ensure a quality

radiotracers include availability in a form that behaves similar
to the system to be investigated, proper half-life, suitable

product. A variety of such radiopharmaceuticals are now prepared. Some of the important ones are:

energy of the radiation for detection and adequate amount of
radioactivity in the material. This requires development of suit-

a) Iodine-131: This isotope is used for diagnosis and treatment of thyroid disorders. It is obtained by irradiation of natu-

able chemical formulation of the radioisotope for a specific
application.

ral tellurinm in the reactor.

Radioisotopes like sodium-24, scandium-46, cobalt-60,
bromine-82, iodine-131 and lanthanum-140 are regularly

Phosphorous-32: This isotope is used to control pain

produced for use in different industrial applications. Bromine82 is produced in three chemical forms, ammonium bromide,

in bone metastasis , and in the synthesis of nucleotides. This
is obtained by neutron irradiation of natural sulphur.

p-di bromobenzene or methyl bromide depending upon the
investigation to be performed, in aqueous or organic medium.

b)

Irradiated p-di bromobenzene, dissolved in a suitable solvent,
is used extensively for studies involving organic substances.
c) Molybdenum-99: It is produced by neutron irradiation of
natural molybdenum in the form of MoO 3. The daughter

Similarly, iodine-131 has also been made available in
inorganic (sodium iodide) or organic form (triolein or elemental

product of molybdenum-99, techneitium-99m, finds extensive

iodine). While the former finds applications as tracer in aqueous
11
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distribution in process vessels, sediment transport and effluent dispersion investigations. The requirements of radiotrac-

followed by reduction and absorbption of the liberated
iodine-131 in carbon tetrachloride.
Cobalt naphthanate, another oil soluble radioactive tracer,
is produced by treating sodium naphthanate with a calculated
amount of cobalt chloride, potassium cobalticyanide and
cobalt-EDTA complex with cobalt-60 and chromium-EDTA complex with chromium-51 are also prepared for specific applications. Another important radioisotope, mercury-203 is prepared
and this is a convenient radiotracer for mercury inventory studies in alkali industry.
A cancer patient being treated by brachytherapy

Radioisotopes for Radiation Processing
and Medical Applications
This is the most challenging programme in radioisotope
technology today. In these applications, the technologists have
to handle thousands of Curies of radioisotope such as
cobalt-60. This isotope is produced in the nuclear reactors by
irradiation of cobalt-59.

Sources for Teletherapy
Intense cobalt-60 encapsulated sources ranging from
3000 to 6000 Curies are used for treatment of cancer. There
are presently about 200 teletherapy machines used in various
hospitals across the country. These sources are supplied by

A picture of the applicator set supplied by BRIT to hospitals

BRIT enabling about 1.5 to 2 million treatment sittings per year.
About 60,000 new patients are being treated in cancer hospi-

Radiolabeled Biomolecules for Biotechnology

tals in the country per year. However, the country presently
requires about 10,000 machines. So far, the Teletherapy

Radioisotope labeled biomolecules have emerged as
important tools for research in modern biology and biotechnol-

machines are imported in India. However after a sustained
effort of a dedicated team involving scientists and engineers

ogy. The use of these compounds as tracers has helped in
elucidating the mechanism of DNA replication, translation, clon-

from the Division of Remote Handling and Robotics of BARC
and BRIT, the first indigenously produced teletherapy machine

ing of a gene and sequencing of nucleic acids. The labeled
biomolecules have also contributed immensely to the applica-

Bhabhatron has been commissioned at the Advanced Centre
for Treatment, Research and Education in Cancer (ACTREC)

tion of genetic engineering techniques for development of plants
and animals with desired characteristics as well as production

at Kharghar, Navi Mumbai. The indigenous availability of
such machines will fulfill country’s need for teletherapy units in

of important hormones, proteins, antibiotics and vaccines from
microbial sources. Realizing the importance of such labeled

Cancer hospitals.

biomolecules, DAE initiated R&D efforts to indigenously
develop and produce the whole range of phosphorous-32
labeled biomolecules. Regular production and supply of a few
phosphorous-32 labeled nucleotides commenced in the
12
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medium, the later is useful where organic reagents are involved.
Elemental iodine-131 is produced by oxidation of sodium iodide

received. Such special custom-made sources are at times technically challenging and satisfying.

try. A nick translation kit has also been introduced recently.
Thymidylate Kinase (TMPK) an enzyme required for making

An interesting example is that of promethium-147 beta point
sources of ~ 9.25MBq (~250µCi) used in dust monitors. This

α-32P TTP, was isolated locally for laboratory use. Random priming kit, SP6/T7 Transcription kit and 5’end labeling kit were in-

instrument (SPM-100) works on beta absorption principle for
monitoring suspended particulate matter. These sources are

troduced subsequently and the know-how for production and
supply was transferred to BRIT. Anion exchange HPLC was

prepared by anodization-cum-adsorption method and loaded
into specially fabricated metallic containers. Such dust moni-

introduced to improve purity and performance of the products. Another enzyme T4 PNK (T4 polynucleotide kinase) was

tors are used in organiations such as Rashtriya Chemicals and
Fertilizers, Oil and Natural Gas Commission, Central Road

prepared for in-house use. A biluminogenic compound ALDPO
developed in JONAKI in collaboration with Osmania Univer-

Research Institute and Central Power Research Institute.

sity, Hyderabad, perhaps the first of its kind, has found its way
in routine assay of diverse biomolecules. ALDPO is a substrate for both luciferase and peroxidase. The M13 sequencing kit, Taq DNA polymerase, T7 DNA polymerase sequencing
kit, Cycle sequencing kit, PCR amplification kit and Fluorescein based DNA labeling and detection kits developed in the
nineties have been useful for research in biology and biotechnology.

Sources for Special Applications
High intensity sealed sources find use in irradiation plants,
radiography cameras, gamma chambers and blood irradiators.
In addition, sealed radioactive sources of low activities also
have variety of applications. A common application is as reference sources to calibrate instruments such as gamma spectrometers. With the use of radioactivity in earlier days, the need
for accurate activity sources of low strength was acutely felt.
The users looked for support from BARC for the supply of ref-

Development of Radiation Technology Equipment

erence sources too. Thus began the work in preparation of reference sources of varied shapes, strengths and radionuclides

Gamma Radiography Camera
Development work on utilization of radiation and radioiso-

immobilized in planchets and tubes. Besides, when the use of
radioactive sources in smoke detectors, dust monitors and

topes for industrial applications began in the early years of
Indian atomic energy programme. As early as 1957, during

pacemakers were being experimented on in the world, similar
products were developed and used in India too. Currently a

the construction of 40 megawatt CIRUS reactor, isotope radiography was used for inspection of welds and assemblies. All

large number of standard laboratory reference sources for beta,
gamma, X-ray and low energy gamma rays are prepared

the equipment, accessories and radiation sources required for
inspection were then imported from Canada. The importance

using thallium-204, cesium-137 and cobalt-57, on standard color
coded plastic source holders and supplied to the users. Apart

of the technique and the advantages of its application were
quickly realized. Consequently, an integrated approach for tech-

from the standard sources, occasional requests for sources
with a unique radionuclide or unique dimension/shape, are also

nology development was initiated in 1959. Production of radi13
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mid-1980’s. Eleven of them are now produced routinely at
JONAKI and supplied to over 50 research institutes in the coun-

Over the years, this technology has paid rich dividends.
Today, there are over 475 industrial users in the country and

phy sources of iridium-192 and cobalt-60 sources was commenced in CIRUS. Simultaneously, work was initiated on pro-

radiography inspection is now a mandatory requirement for
inspection of welded pressure vessels and other critical speci-

duction of radiography equipment. Made-At-Trombay radiography camera, capable of housing 5-10 curies of iridium-192,

men. With the formation of BRIT in 1989, production and marketing of radiography equipment and sources was entrusted to

was made available to industrial users in 1962. At the heart of
the camera, which could be used for radiography of 10 mm to

BRIT. Presently, nearly 1000 such devices, using mostly
Iridium-192, are used by the Indian industry. ROLI cameras

50 mm thick steel specimen, or equivalent thickness of other
materials, was a radioactive iridium-192 source. It was a por-

manufactured by BRIT are extensively used by the Indian
industry today for NDT applications.

table camera weighing only 22 kg. These cameras were useful
for non-destructive testing of a variety of specimen and structures like aircraft components, pressure vessels, turbines and
welded joints. Later in 1965, another camera housing
10 curie of cobalt-60 and weighing about 350 kg was made
available for industrial radiography. This was mounted on castor wheels for easy mobility. By 1966, radiography cameras
developed by BARC were in use in neighbouring countries such
as Ceylon (now Sri Lanka) for inspection of large diameter penstocks erected for Maskeliya Oya Hydroelectric Project, and in
Kuwait for inspection of pipelines.

Radiography camera supplied by BARC in 1968 being used for
examination of a pipeline in Kuwait

Lead shielded radiography camera with Ir-192 source
developed in sixties
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ography sources was started in 1959 on a limited scale with
APSARA reactor. By 1962, large-scale production of radiogra-
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Gold plaque containing
125
I seeds

Plaque sewn beneath the
eye tumour

Recently developed ROLI-1 lead shielded camera for industrial
radiography with iridium-192 sources

Gamma Chambers
Development of a series of self-shielded, R&D gamma
irradiators, Gamma Chambers (GC), was initiated with units
capable of housing 5000 curies of cobalt-60 and with about
1 litre irradiation volume. Later, models GC-4000 A with
10,000 curies cobalt-60 and about 4 litres irradiation volume
and GC-5000 with 5 litre irradiation volumes were produced.

Exploring New Horizons

Due to inherent simplicity and low cost of these units, India
emerged as one of the leading producers of gamma chambers

Development of newer applications necessitates development of either new radioisotopes or transformation of already

in the world. Presently, about 150 of these laboratory type
research irradiators each housing between 0.8 to 14 kCi of

produced radioisotopes in a suitable form to meet the objective of the particular application. Therefore, development of new

60

Co, are being used in India and abroad. Besides this, multipurpose panoramic batch irradiators (PANBIT), each housing

radioisotopes in suitable form is a continuous activity. A variety
of new isotopes and radioactive sources are being explored to

about 100 kCi, have been designed and built for a variety of
applications. Five such irradiators are in use in India and one

meet the future applications. Some of these are :
z Use of cadmium-109 sources launched in May 2003 as

each has been set up in Indonesia and Bangladesh. Today, the
requirement of cobalt-60 radiation sources for various applica-

substitute for imported sources used for ‘in-flight’ calibration
in the “Solar X-ray Spectrometer (SoXS)” payload of

tions across the country are being met indigenously. These
include sterilization of medical products, food irradiation, sew-

Geosynchronous Satellite Launch Vehicle-D2.
z Development of sealed radioactive sources for use in
cancer therapy is an important programme expected
to expand in the future. A noteworthy application

age sludge hygienization and cancer treatment.

is the indigenously prepared tiny

125

I solid sources,
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Nd:YAG laser welding facility for sealing of miniature
titanium capsules

z Sealed sources of 125 I and 137 Cs of high strength
(1-20 GBq or 40-500 mCi) find applications in lexiscopes,

complying with ISO specifications prepared at the
Radiopharmaceuticals Division were used on a plaque to

bone densitometers and as brachytherapy sources.
Development of such sources is progressing successfully.

treat a 4 year-child suffering from retinoblastoma. This was
the first plaque radiation therapy case in India with 125I

z BRIT has developed a gamma irradiator known as “blood
irradiator” to meet the demand of medical institutions in the

sources and was dedicated to the nation by the President
of India on September 15, 2003 at a function organized by

country where immunosuppressed patients are treated.
Viable lymphocytes are present in the blood and cellular

Sankara Netralaya, Chennai.
z Other promising developments are that of bandage patches

blood components used for transfusion. If the patient who
receives a blood transfusion is immunocompetent, these

containing therapeutic radionuclides such as 90Y, 32P and
188
Re that could be applied on superficial tumours such as

lymphocytes are destroyed immediately. But in case of
immunodeficient or immunosuppressed patients, the

skin cancers. These patches have proved very effective in
animal studies and warrant further clinical trials with patients.

transfused lymphocytes survive, recognize the recipient as
foreign and react producing a devastating and often fatal
syndrome of transfusion graft versus host disease. The
irradiation of blood before transfusion to such patients
decreases the lymphocyte function. The indigenous
availability of a low cost blood irradiator has already made a
mark in the country and 8 such units have been supplied to
various hospitals.
Refurbishment of Fogged Lead Glass Windows of Hot Cells
Handling of large quantities of radioactive sources needs to
be done remotely behind special lead glass windows, which
allow light to pass through but cut off the high energy radiation.
The lead glasses in the viewing windows of hot cells get fogged
with use and affect visibility of operators. The Hot Cell windows
in HIRUP and RAPPCOF, Kota were in continuous use for

Blood Irradiator developed by BRIT

Fogged lead glass slab at HIRUP, Trombay
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(0.5mm dia.x 3mm l) named “BARC 125I Ocu-Prosta Seeds
for treatment of ocular and prostate cancers. Sources

CyanMagentaYellowBlack

development. Today, efforts of the last 50 years have resulted
in making India one of the few countries in the world that are
capable of producing an extensive range of radioisotopes, and
radiochemicals. These include primary isotopes, self-luminous
compounds and over 200 different compounds labeled with
carbon-14. Unlike many other advanced technologies, isotopes
application programmes had low gestation periods and the
technologies developed have been successfully deployed for
industrial applications. The indigenous development and
production of radiopharmaceuticals has catalyzed growth of
nuclear medicine in the country while the regular production
and supply of gamma cameras based on radioisotopes like
iridium-192 and cobalt-60 have become indispensable tools
for professionals involved in non-destructive testing. The
mantra of “ finding a need and fulfilling it” has been guiding the
technologists involved in production of radioisotopes. It is a

Cleaned lead glass slab

matter of satisfaction that the radioisotopes that India produces,
have helped alleviate the suffering of millions of patients, have

27 years and had fogged with light transmission below 8%. As
replacement of these windows would have cost a huge amount

helped Indian industry to save crore of rupees and have played
their part in ushering in the green revolution in the country. As

(Rs.1.5 crore for each window) indigenous capability was
established to refurbish fogged windows at a very low

we look ahead, after a half century, it is time to take fresh
guard and look for new horizons that still remain unexplored.

cost of about Rs.8 lakhs for each window. Four windows at
HIRUP and two at RAPPCOF, Kota were refurbished and put
to use again.

The new challenges include production and supply of cyclotron
produced sources needed for medical treatment for which a

Summary

modest beginning has already been made. New gaseous
radiotracers like krypton-79 will be needed for advanced
industrial applications. Production of light-weight, portable and
automated equipment and systems will go a long way in

Isotope production programme in India made a small
beginning in 1956-57 with a mandate of achieving self-reliance
in production and development of radioisotopes and related

addressing the emerging demands of Indian industry.

The Chain Reaction-Volume 03 #150 Dt.:07/11/2005

equipment necessary to meet the needs of national
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Interview with Dr. V.K. Iya

The then Commissioner of CEA, Dr. Bertrand Goldschmidt was
a personal friend of Dr. Bhabha and therefore all the arrangements for my working at CEA were made. That marked the
beginning of my association with the isotope programme of
Department of Atomic Energy.
Q: When did you return to India and how did the Isotope
programme take shape in the initial years? How was the breakthrough of isotope production and application achieved?
Dr. Iya: I came back in January 1957 and started working with
Dr. Shankar at a laboratory that was set up at Bombay Dyeing
Godown. R.G. Deshpande, a young chemist was assigned to
assist me. At that time the APSARA reactor also got commissioned and we started irradiating materials to obtain radioisotopes in very small quantities. By 1960, young scientists such
as R.S. Mani, T.S. Murthy, N.G.S. Gopal, A.C. Eapen and
K. Vishwananthan also joined the Isotope Programme and the
programmes of production and utilization of radioisotopes

The name of Dr. V.K.Iya is synonymous with the isotope
programme in India. Dr.Iya led the Isotope programme from

started taking shape. I remember the first experiment which
was conducted in collaboration with the port authorities during

the start, initially as Section Head, later as Head, Isotope
Division and then as Director, Isotope Group from 1973 till

1960 to monitor the movement of silt in the Bombay Harbour.
The tracer experiment was conducted using the scandium-46

his retirement in 1984. He played a key role in the formation
of Board of Radiation and Isotope Technology (BRIT) in

in the form of glass, ground to simulate the particle size of silt.
The glass was irradiated in the Harwell reactor in UK and used

1987. Dr. Iya has been actively associated with the activities
of the Isotope programme and continues to lend his exper-

as a tracer. The experiment was a great success and provided
valuable inputs to the port authorities regarding the silt move-

tise even in the post-retirement years. Dr. V. Venugopal,
Director, Radiochemistry and Isotope Group, BARC inter-

ment in the harbour. That marked the beginning of many such
requests from other port authorities in the country in later years.

viewed Dr. Iya to revisit the journey of the development of
Isotope programme in India.
Q: Dr. Iya, thank you for agreeing to spare your valuable time

of rupees over the last five decades.
The success in the application of radioisotopes in the medi-

for us. Let me begin by first requesting you to tell us how your
association with the isotope programme began in DAE.

cal field came in 1960 through a World Agriculture Fair held at
Delhi where USA had put up a TRIGA Reactor and DAE had

Dr. Iya: I was pursuing my doctorate in France on chemistry of
scandium at CNRS and Dr. Bhabha used to be a regular visitor

established an isotope processing laboratory with glass walls
for people to see the operations from outside. The samples of

to Paris. During one of his visits in 1955, I met Dr. Bhabha there.
His reputation and magnetic personality had the obvious effect

sodium-24 and colloidal gold were provided to Vallabhai Patel
Chest Institute and the Safdar Jung Hospital for testing pur-

on me and I readily accepted his offer of joining the DAE at
Trombay. Dr. Bhabha advised me that after completing my doc-

poses. By the year 1965, we started processing of isotopes at
the Isotopes Laboratory at South Site, Trombay and we even

torate, I should spend some time at the French Commussariat
a l Energie Atomique (CEA) to gain experience in the produc-

started exporting radioisotopes to countries such as France
and Australia in 1965. We could also process a few hundreds

tion and processing of radioisotopes, before returning to India.
18
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It is pertinent to emphasize here that the information generated through such experiments alone has saved country crores

Controller of India, FDA Commissioner, Maharashtra,
Dr.K. Sundram and myself from BARC to visit various countries

and Taiwan in 1965. So, you can see that within a short span of
less than a decade, indigenous capabilities to produce radio-

across the globe including several European countries, USA,
Australia and Japan to study the existing practices in these

isotopes and use them for a variety of societal benefits were
established.

countries and evolve a suitable system which could be adopted
in India. The point I wish to make through this incidence is to

Q: You must have interacted often with Dr. Bhabha in the initial

reflect that so much autonomy and enterprise existed in the
Atomic Energy Establishment in the early years that many such

years during creation of these facilities. What was Dr. Bhabha’s
vision about the isotope programme and how well was it sup-

difficulties involving many departments also could be overcome
in a short time.

ported?
Dr. Iya : The beneficial effects of isotopes for societal applica-

Q: India is today one of the few countries having

tions were well recognized by Dr. Bhabha although the field
was just emerging the world over at that time. He utilized all his

capability of processing millions of Curies of radioisotopes such
as cobalt-60, thanks to the building of RAPCOFF facility at Kota

diplomatic and administrative resources to ensure that Indian
scientists and technologists would get the best training and be

and HIRUP at BARC in early 1970’s. You must have played a
key role in establishing these facilities. Please elaborate the

among the best in the world. He would use every opportunity,
especially the IAEA conferences to develop contacts with the

circumstances that led the planners to conceive such facilities
so early in the programme.

leading scientists in the world and open up new areas of cooperation for his younger colleagues. In the initial years, this helped

Dr. Iya: As I said earlier, the isotope production programme
had started taking roots at BARC and we had established good

us quickly gain an insight into the developing areas of isotope
applications and bring this technology to our country.

contacts with the professionals in other fields for deployment
of applications. During the mid 1960’s we had achieved the

Dr.Bhabha’s vision of choosing the right leaders, developing
strong groups around them and allowing them to develop the

capability of making gamma chambers and radiation sources
for radiography cameras. The radiotherapy machines required

programme has paid rich dividends.

cobalt-60 of high specific activity, while the specific activity of
cobalt-60 produced in the country at that time was low. So we

Q: Any particular incidents of the early years which you would
like to share with the readers?

used to import high specific activity cobalt-60 from abroad and
blend it with the indigenously produced cobalt-60 and supply

Dr. Iya: Oh! There would be many such incidents which are still
fresh in my memory. But the particular one that I remember is

the sources to the hospitals thereby saving precious foreign
exchange in those days. We had also started exporting gamma

concerned with the radiopharmaceuticals. You see, most of the
programmes were evolving in the early years. These

radiation sources to other countries. It was immediately realized that to meet the growing demand of cobalt-60, new facili-

programmes being multidisciplinary, were carried out for the
first time in the country and no clear cut guidelines existed

ties needed to be built. When Rajasthan Atomic Power Station
(RAPS) was being conceived at Kota, it was also decided to

regarding how to go about doing them. We had started producing
radiopharmaceuticals and regular supplies were made to

use high flux of the reactor to produce cobalt-60 of high specific activity. And to process the cobalt-60 source, RAPCOFF

various hospitals across the country initially for testing purposes
but later to fulfill the demand from the hospitals. However,

facility was envisaged to be built at Kota while for subsequent
source fabrication and recharging of gamma chamber, project

radiopharmaceuticals being medical products, needed to be
included in the Indian pharmacopia and we had no role model

HIRUP was envisioned at Trombay. These facilities became
operational sometime in 1973/1974 and the first source for

to follow. Sometime in 1970, Dr. Sarabhai, then Chairman, AEC
constituted an expert committee consisting of the Drug

ISOMED plant was fabricated at HIRUP.

19

19

CyanMagentaYellowBlack

The Chain Reaction-Volume 03 #150 Dt.:07/11/2005

CyanMagentaYellowBlack

of Curies of cobalt-60 in these laboratories and on request of
IAEA, exported two gamma irradiation units to South Korea

Q: Any particular area where you still feel more efforts need to
be put in?

facility that was built in Asia. What was the background of setting up this facility and what impact it has made in enhancing

Dr. Iya: One area where we still can do better is the remote
operations facilities at the isotope processing laboratories which

the healthcare in the country?
Dr. Iya : Setting up of ISOMED facility for sterilization of medical

can be further enhanced utilizing the latest state-of-the-art
technology now available.

products was a landmark in the radiation application programme
in India. It allowed production of single use disposable medical

Q: And one last question, how do you view the future of radia-

products such as syringes, catheters, sutures, cotton, gauze,
blades and so on, in the final packaged form and without the

tion and isotope technology in the country and what steps
should be taken to achieve this?

use of any toxic chemicals like ethylene oxide (ETO). It ushered
in a new era in healthcare industry as new small scale industries

Dr. Iya: The isotope programme has always got support from
DAE since its inception and it has delivered rich benefits to the

were set up across the country to assemble the medical
products which could be sterilized at this facility. The setting

country. Specially the present Chairman, Dr. Anil Kakodkar
has provided the desired direction and his support to the

up ISOMED once again demonstrated that the developing
countries could also assimilate and adopt the modern

programme has been phenomenal. He has often worked as
the brand ambassador to promote the applications of radia-

technology for the benefit of society. In fact, it proved to be a
boon for our rural population as ready to use sterilized kits in

tion technology. I am happy to see that efforts are being made
to be the best in the area of isotope production and applica-

the form of “Dai kits”could be supplied to village “Dais” for use
in child birth procedures thereby minimizing infections and

tions. This is clear from the recently commissioned medical
cyclotron at Mumbai. Similarly, new areas of utilization of ra-

reducing the child mortality. Quickly, in a few years time,
radiation sterilization got established as a commercially viable

diation technology for environmental remediation like sewage
sludge hygienization are being pursued very vigorously. The

technology and more such plants were set up at Banglore,
Delhi and Jodhpur.

development of electron beam accelerators and indigenous production of teletherapy machines is a step in the right direction

Q: Talking about the commercial aspects of isotopes and

in a country as vast as India. An indigenous production alone
will be able to provide affordable services to our people. For us

radiation technology, what was the vision behind formation of
BRIT and how far has it succeeded in meeting the conceived

to now achieve the true potential of radiation and isotope technology, time has come that the enormous potential of our pri-

objectives?
Dr. Iya: The programmes of isotope production and application

vate enterprise be utilized for commercial activities like radiation sterilization, use of accelerators for polymer modifications,

had got well established in the mid 1970’s, and commercial
activities of considerable size were being conducted. However,

non-destructive testing so that many more professionals join
and strengthen our programme.

for achieving the full potential of the technology, it was essential
to formulate a new set up which would be more focused towards

Thank you, Sir, for sharing your views with us on such a

providing products and services to the consumers in a
professional manner, unlike the Research and Development

wide range of topics and taking us through a journey of a large
span of time of nearly 50 years. I am sure our readers and

set up existing at BARC. The formation of BRIT was a first
step in that direction. It has done reasonably well since its

young scientists will get valuable insight into the formative years
of isotope programme as well as new directions for the future.

inception in March 1989 and value of radioisotopes supplied
has increased from about Rs.4 crore in 1989 to about Rs.25
crore in 2003-04. Yet, to my mind, it should be able to do better.
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Q: You have mentioned the ISOMED facility for radiation sterilization of medical products, I believe this was the first such

