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SUMMARY. Industrial Radiography arose out of the wide spread applications of X-Rays pioneered by
Roentgen about 100 years back. It is routinely used in studying the integrity of structural materials and like most
countries of the would, its use in Bangladesh is increasing at a faster rate. While doing benefits to the industries,
the uncontrolled use or misuses of the technology may cause harm to the operators and the public. In order to
ensure safety & radiation protection, Nuclear Safety & Radiation Control Act 1993 has been promulgated. The
current state of the art so far as safety aspects in application of isotopes are concerned has to be dealt with
recommendations likely to strengthen the safety of sources & protection of the occupational workers & the
public. The role of Bangladesh Atomic Energy Commission (BAEC) & Bangladesh Society for Non-Destructive
Testing (BSNDT) in collaboration with international agencies are also important in achieving the desired
objectives in these spheres of activities in furthering the safe industrialization process.
1. INTRODUCTION
Bangladesh is a developing country of 3rd world
located in South East Asia covering a territory of
147,750 sqkm with 115.5m population. In the
backdrop of agrarian poverty ridden economy, its
population may exceed 125m by 2000 AD leaving
some 12m people unemployed. To support them,
therefore, immense activities are activated in
different sectors. Accordingly increasing importance
on NDT is given. In most cases particular
application of Radiography is preferred using Ir-
192 isotopes for quality production, construction &
maintenance of industries, power plants, oil and gas
pipelines & plants, railway, aviation systems, naval
structures and vessels, etc.
Consequently the points of implications of isotopes
are in Open Field & Inservice Inspection
Radiography, Handling of Radiation Emergencies,
Safe Transport of Radioactive Materials and
Hazardous Effects & Risk of Ionizing Radiation,
etc. Accordingly over exposure of Ir-192
Radionuclides, Accidents & Unusual Occurrences :
Case Studies, Nuclear Safety& Radiation Protection
Act 1993, Training Courses on Safety & Regulation
of Sealed Sources and Radioactive Materials,
Licenses for Radiography Operation including Safe
Disposal of Isotopes are the salient issues to be
The basic advantage of the use of ionizing radiation
in non-destructive testing arises from the fact that
the objects which can be examined can range in

viewed in appropriate perspectives.
Further, it is also pertinent to overview the essential
status, need and strategies of Bangladesh in these
fields in view of regulations and recommendation of
Inter-national Atomic Energy Agency (IAEA) &
BAEC. etc in an attempt to draw analogies
highlighting the eventuatilies & priorities so far
asisotope is concerned. The role played by
Bangladesh Society for Non-Destructive
Testing(BSNDT) in collaboration with other
members of the International Committee for NDT
(ICNDT) and achievement made so far may also be
taken in to account.
2. NDT TECHNIQUES BASED ON

IONIZING RADIATIONS.
Ionizing radiations, as the name implies involves the
use of charged particle radiations as protons,
electrons, positrons etc. and electromagnetic
radiations such as X-rays and gammarays. It was
shown by Raj et al (1) that the essential difference
between X and gamma rays and the other
electromagnetic radiations as light, UV and Infrared
waves from the view point of testing and evaluation
is that X- and gamma rays and able to penetrate
matter which is opaque to light and have a
pholotraphic action similar to light.

sizes and shapes from microminiature electronic
parts to mammoth missiles or power plant
structures. Further ionizing radiations can be used



for testing a wide variety of materials ranging from
light elements as aluminum, beryllium, and
magnesium to steel, nickel and other heavy
elements. The manufactured forms inspected by
these radiations include a wide variety of castings,
weldments, composites and assemblies. No prior
preparation of the surfaces of the specimen is
necessary. However, since indiscriminate exposure
to ionizing radiation can produce biological
damage, strict control of human exposure to these
radiations is essential.
3. CONVENTIONAL & GAMMA
RADIOGRAPHY
It has been further Stated by Raj et al(l) that, in the
widely used conventional radiography, the source of
radiation is an X ray tube consisting of a source of
electrons, an accelerating potential and a heavy
element target with which the acce-lerated electrons
interact to produce X-rays. In 1913, Coolidge built
an X-ray tube which used a heated filament to
produce electrons & not much change in the
structure of the tube has taken place. But highly
automated self propelled X-ray mini Crawlers which
travel within pipelines to take radiographs of
pipelines from inside are now available. The control
for posi-tioning along the length is by means of a
small radioisotope source which emits a colli-mated
beam of radiation down through the pipe wall. Such
systems,designed for remote control, would be
suitable for on-shore & off-shore structures
including oil, gas and other fluid handling networks
with pipelines down to 250 mm bore.
In contrast to X-ray machines which emit radiation
with a spectrum of energies, gamma ray sources
emit one or a few discrete energies. Radiography
with gamma rays has the advantages of simplicity of
Radioactive materials and radiation sources can do
harm to the users or persons around, unknowingly.
Radiation burns were first identified in 1896 within
a month of Roentgen's discovery of X-rays,
lionizing radiation prima-rily includes : X-rays,
gamma rays, beta, alpha, neutrons, positrons etc.
Such radiations while passing through living cells
ionize the molecules and in the process may
damage, cause chemical changes or modify them.
Radiation breaks large DNA molecules and causes
structural changes. The damage is proportional to
the does deli-vered by incidental radiation.
Modified cells may eventually be developed into

the apparatus used, compactness of radiation source,
and indepen-dence from outside power. This
facilitates the examination of pipe, pressure vessels
and other assemblies in which access to interior is
difficult 3.1 SOURCES FOR GAMMA

RADIOGRAPHY & IRIDIUM 192
The four most popular radiographic sources are
:Cobalt 60 (Co-60),Cesium 137 (Cs-13), Thulium
170(Tm-170) and Iridium 192 (lr 192). The once
popular Radium 226 (Ra-226) is no longer used.
Among these, Iridium-192 is mostly used in
Bangladesh for Industrial Radiography. Iridium is a
naturally occurring element belong-ing to the
platinum family with a density of 22.4 gm/cc.It has
two stable isotopes Ir-191 and Ir-193 with natural
abundances of 37.3% and 62.7% respectively.
When elemental Iridium is exposed to neutrons,
radioisotopes Ir-192 and Ir-194 are produced. While
Ir-192 has a half life of 74.3 days,the half life of Ir-
194 is only 19 hours.
The gamma ray spectrum of Ir-192 is quite complex
containing at least 24 spectral lines in the energy
range 0.2 to 0.7 MeV. Its relatively low energies
permit the use of lead shields weighing less than 50
kg for source strengths of 2000-4000 GBq making
the isotope ideal for field work where portability
and small size are desirable. This isotope is
principally used for the radiography of steel upto
100 mm. In an overview of wide spread
applications of radio-isotopes gauges and radiation
sources to industry, it has been stated by Airey et al
(2) that a number of polential applications are being
developed in the field of treatment of waste water &
sewage and flue gases as well.
4. RADIATION EFFECTS

malignancies. Since such modified cells may include
the germ cells which transmit genetic information,
it is also conceived that it may cause genetically
transmitted hereditarily defects. Large exposures to
the embryo and foetus during the early pregnancy
have been found to cause leukemia, ssevere mental
retardation & large congenital malformations.
Radiation effects are sensitive to age & sex of a
person. Children exposed to radi-ation in uterus
during first 8-15 weeks of preg-nancy were found
downward shift in distri-bution of IQ with
increasing dose. Besides different organs have
different sensitivities to radiations.



Large radiation dose may cause harmful effects or
even deaths within hours or weeks. This is known
as prompt effect. Prompt effects include radiation
burns, radiation sickness, nausea, vomiting, loss of
appetite, general sickness, diarrhoea, fever etc.
Exposures to low doses can cause late effects
referred to as somatic effects or to the future
generation called genetic effects. Delayed effects
are cancer, loss of hair etc. Prompt effects has a
threshold value (approx 200 mSv), below which it
is barely detectable. The delayed effects have no
threshold. The proba-bility of harms to be caused,
except for very low doses, is linearly proportional to
the total amount of dose received during the life
span. Late effects can be seen between 2 to 20 years
after the exposures. It is also possible that genetic
change caused by radiation is beneficial but the
probability of such good effect is very low.
5.BIOLOGICAL EFFECTS OF RADIATION
Chowdhury(2)has identified the effects as follows

Dose Probable Effect
0.25 rems* No obvious injury (safe)
26-50 " Possible change in blood composition

but no serious injury
51-100 " Blood cell changes, some injury, no

disability
101-200 " Serious injury, possible disability
201-400 "Injury and disability certain, death

possible
Above 400 fatal
* Rem = Roentgen Equivalent Man
For X- ray and Gamma Rays
I Roentgen = 1 Rem, usually quoted as thousands of
a rem= millirem (mrem)
Radiation doses should be kept to a minimum, but
must never exceed 5 Rems per year. This works out
at 100 millirems per week. The does rate, therefore,
at the barriers of a work site must not exceed 2.5
millirems per hour. The does rate is determined by
a radiation monitor, the accumulated does is
determined by a film badge or a pocket dosimeter.
In radiographic operation that use X-ray machines
or radioisotopic sources, the magnitude of the
radiation hazards to personnel and other persons in
the vicinity depends on a number of factors such
as:Type and energy of the radiation,Total doses,
Dose rate,Part of the body irradiated,
Species, Strain, Age, Sex & Nutritional Condition

6. RISKS IN RADIOGRAPHY &
CAUSES OF ACCIDENTS
As stated earlier,the X-rays and gamma rays are
most common types in industrial radiography. The
radiations used in the radiography are highly
penetrating and intense. The jobs are often carried
out at open sites or in industrial environment.
Radiographer some times have to perform in
difficult job positions and circum-stances. It has
been shown by Molla et al(4) that all these adverse
circumstances put the radiography supervisors and
technicians at high risks. Accidental exposures can
easily occur unless the jobs are done properly and
the working rules are rigoroulsy followed. Besides,
accidents do occur during the transportation and
storage of the gamma sources. Such accidents took
place mostly due to the failure in comply-ing the
prescriptions of the working rules. Serious accident
involving radiography source occurred in many
countries e.g. Mexico(1962), Algeria (1978),India
(1968), Morocco (1984) and even in Bangladesh
(1985). The 10 years data (1970-80) of the USA
show that 60% of all the high overexposure and
70% of all the very high overexposure occurred in
industrial uses of radia-tion, were related to the
gamma radiography.
Among various reasons of radiography accidents,
followings may be identified as significant ones:
*Radiography sources was left out at the exposed
position.
* Survey meter has not been used or used
improperly.
* Source has not been locked in the safe positions.
*Lapses in the training of the operator.
*Defective equipment and meters.
Any action towards taking care of the above
mentioned issues shall lead to the improvement of
safety situation.
7. GENERAL SAFETY REQUIREMENTS
FOR INDUSTRIAL RADIOGRAPHY

of the body. Such operations can be quite safe if
carried out by trained personnel using the proper
equipment in installation designed for the purpose.
For this to be satisfied, the following requirements
are mandatory.
8.TRAINING OF PERSONNEL &
MEDICAL REQUIREMENTS
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Persons using radioisotopes or X-rays in industrial
radiography should receive train-ing that will give
a full understanding of:
* fundamentals of radiation protection
*proper operation of devices & equipment
* use of protective equipment
* Govt. regulations pertaining to the use of
radioisotopes and X-ray in Industrial Radiography
*procedures to be followed in the event of accident
or fire involving a radioactive source.
Each radiographer is to be given medical examin-
ations of such nature and at such intervals as the
Bangladesh Atomic Energy Commission Control
Board may require on the advice of the health
authorities.
8.1. SAFETY EVALUATION OF
RADIOGRAPHIC EQUIPMENT
Every radiographer should understand the work-ing
principles and operation of each radiographic unit
that he will be using. The equipment should be
checked before taking it out to the field and before
using it, to ensure that it is functioning
satisfactorily. This will enable the radiographer to
deal with emergencies with minimum delay and to
limit personal radiation exposure.
8.2 MONITORING DEVICES
Every person using sources of ionizing radiation
must ware a Therme Luminance Dosimeter whe-
never high radiation fields are prevailing. As
outlined by Chowdhury(2),it has to:
*be used frequently during each operation
*have a range such that radiation fields from 2
mR#/h to IR#/h can be measured within + 2-% of
the true intensity
*preferably be of ion- chamber type
#R = Roentgen
All monitoring equipment should be properly
maintained & calibrated for the energy of gamma
radiation emitted by the radioactive source.
8.3.OPERATION SAFETY
PROCEDURES MANUAL
Each company should have an operating safety
*Ensure that survey meter is in working order and
that all persons involved are wearing film monitors.
*With source in camera and shutter closed take
measurements in three mutually perpendicular
planes at a distance of 150 mm from the surface of
the camera, if the radiation intensity exceeds 50
mR/h, do not use the camera.

procedure manual for routine operations and
emergency procedures to keep its operations within
the framework of the Bangladesh Atomic Energy
Commission Control Regulations. The relevant
items of information on health and safety should be
included in the manual.
9. SAFETY STANDARDS &
PROCEDURES
The radiation dose received should not exceed :
*5 rems in one calendar year or in any period of 52
consecutive weeks for those engaged in

radiographic or associated work.
* 3rems in one calendar quarter of a year or any
period of 13 consecutive weeks for those engaged in
radiographic or associated work.
*500 mrem in one calendar year or 10 mrem per
week for those whose regular duties do not require
them to work with radioisotopes or X- rays. It is
desirable to exclude such persons from areas where
the radiation intensity is likely to exceed 10 mR/h.
10. GENERAL SAFETY WORKING
PROCEDURE
The choice of the safest working procedure will
depend on the nature of the job and the equipment
used. However, observance of the rules set out will
reduce the possibility of excessive exposure. The
aim of the radiographer should be to reduce to a
minimum the exposure of himself and others to
radiation, by distance and working time.
11. PRELIMINARY STEPS & BASIC
SAFETY MEASURES.
* Select type and strength of the radioactive source
in accordance with the job to be performed.
*In field operations, always use appropriate
directional shields whenever practicable
*Make sure the source capsule or pencil is appr-
oved for use in the camera to be employed. i,e.
Source capsules or pencils designed and approved
for use in one type of camera must not be used in
any other type without prior authorization by the
Atomic energy Control Board.

*Perform radiographic operations whenever
possible during that time of day when a minimum
number of people are in the vicinity.
In order to keep the occurrences of accident/
overexposure within the acceptable limits it is
essential that the regulatory requirements and the
prescriptions of the applicable codes and standards



are strictly followed. The basic safety measures,
however, require:
* written operating procedures covering details of
what shall be done and what shall not be done and
that the oprators shall comply the instructions,
* Operators must understand the need and
importance of time, distance and shielding and
* Shall implement emergency response plan about
which,a operator must be aware of.
12. EMERGENCY SAFETY PROCEDURES
Accidents are likely to induce panic. Therefore
comprehensive procedures anticipating various
possible modes of accident are to be prepared in
advance to cope with possible accident situations
and copies should be available at site of every
radiography operations. Serious situations endan-
gering safety may develop from but not limited to
improper storage,handling, disposal, changing,
sources & malfunctioning of equipments etc.
Further , sources not returning to camera, source
capsule found damaged or leaking, vehicle carrying
source meeting accident or source involved in fire
etc are other causes to generate emergency situ-
ations calling for special safety measures for which
afore mentioned prescribed emergency plans are to
be followed. Particularly, much caution has to be
exercised against, contamination or possibility of
ingestion of radioactive material by any person. In
certain cases auxiliary protective devices like lead-
sheeting or mobile screen may also be used in a
manner so as to avoid creep and to protect it from
mechanical change.
13. REGULATORY CONTROL
Bangladesh Nuclear Safety kind Radiation Control
Act No. 21 was promulgated in July 1993. The
BAEC has been entrusted with the power to
implement the law. As referred to by Awal(5),
education & training program is under preparation
It may be noted that BSNDT established in 1990
has been enrolled as the member of International
Committee for Non- Destructive Testing(ICNDT) in
the 14th world congress held in New Delhi,
December 1996. Earlier BSNDT has signed
bilateral agreements for co-operation with similar
societies of Japan, Australia, Indonesia, Srilanka,
Malaysia, Canada and India. It has been keeping
close contact with those countries to play pioneering
role in development and application of NDT in
Bangaldesh. Further, with continuous assistance and

in the light of same. The section 4 of the Act provids
that all nuclear and radiation activities including the
radiography shall require license from the BAEC to
operate in Bangladesh. The regulations which will
provide detailed requirements are now under
preparation. Once the regulations are gazetted, the
law will be put to force. Besides the regulations,
there are codes of practice and guides published by
the International Agencies and National
Government which provide guidance for complying
the provisions of the law/regulations and promote
safety and protection of the radiation sources. It has
been observed by Ahmad(6) that health & safety
implies not only health protection & health
promotion but also freedom from risks arising out of
or in the course of occupation. Keeping this in view,
the regulations and the codes applicable to
radiography specify, among others,the following
topics:
- delineation of the responsibilities of licensee
and workers.
- Safety procedures
- design, construction and maintenance of
equipment
- protective barrier, interlock and other safety
features
- storage of radioactive sources
- radiation dosimetry and radiation monitoring
requirements (and their calibrations and
standardization)
- comprehensive working procedures
- training and certification of radiographer
- emergency response plan.
- use of warning labels, notices, barriers and
markings
- recording and reporting requirements.
14. ROLE OF BSNDT

support from BAEC, it has been working to
dissimulate different aspects of NDT technology
with particular, contrast to industrial radiography
and for that matter radiation safety. BSNDT has
already trained about 100 officials of different
organization of the country in these fields and has
been organizing workshops seminars including
publishing News letters & proceedings etc since its
inception. Recently it has also introduced BSNDT-
Award to honour individuals & organizations to
recognise outstanding performance & contributions



in these fields.
15. CONCLUSION
The experience in use of isotopes in industrial
radiography has been marked in one occassion with
stealing of an Iridium 192 Source contained from
storage pit surrounded by barbed wire with
cautionary signs duly displayed. This was out of
silly idea of selling the container as scrap
material.This was done in late 80" s by a mem-ber
of local people due to shear ignorance & illiteracy
causing a hazardous situation to himself
too.Similarly growth of industrializ-ation employing
the labours & work forces coming from villages
with farming & cultivation back grounds of rural
Bangladesh can not be expected to know all rules
and regulation & consequential effects over night as
required particularly in this profession. But it is
important to note that though there is stringent rules
to follow, yet due to lack of strict compliance by
both employer and employee due to ignorance and
inexperience they may, at times, be subjected to risk
of hazards and accident which may increases and
reach to an alarming level unless adequate steps are
taken with due importance.
Radiation is harmful. Industrial radiography is
potentially more hazard prone than to any other
industrial use of ionizing radiation. Complexities
arising out of safety even calling for the need of
alternate applications of NDT methods has been
foreseen by Bakht(7) in certain situations. Howaver,
strict compliance to the written procedures and
regulatory prescriptions are essential to ensure
adequate safety and protection of the workers and
the members of the public. Mere existence of law
and regulations are not enough to ensure safety.
Close cooperation between the regulator and the
licensees are also needed. Besides the safety culture
has to be promoted to keep the standards of the
safety and protection high.
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