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CH'-'ATR/VPATI 5HIVAJ! MAHARAJ '

T3i 3

GOVfRMMENT OF INDIA

A T O M I C E N E R G Y C O M M I S S I O N

14 January 1976.

Doar Dr,

I am nappy to learn that the third Annual Conference
on Radiauon Protection will be held in New Delhi from 19 - 21,
-January 1976 and that the theme of the Conference will be
•Radiation Protection in Agriculture, Industry and Medicine'.
A number of countries have derived immense benefits through
tiie applications of radiation and radioisotopes even though
they have not yet opted for nuclear power, In our country,
there are extensive possibilities of such applications in
agriculture, industry and medic:ine. Although we have already
established the necessary expertise, inputs and infrastructure,
we have still to go a long way for them to become common
practice in the country. At this take-off stage of developments
h; applied radiations in our country, it is important to take due
cognisance of the measures necessary for the radiation
protection of the operating personnel and the members of the
p'jbhc. I congratulate the Indian Association for Radiation
Protection for taking the initiative to organise this Conferenpe.
I wish the Conference all success.

Yours sincerely,

AAA IAAAAAW

(H.N.Sethna)

Dr, A,K, Ganguly,
(President, 1ARP),
Bhabhs. Atomic Research Centre,
Trombay..
Bombay - 400 085.



MESSAGE

January 9. 1976

TO DR. A. K. GANGULY
PRESIDENT IARP
BOMBAY

A YEAR AFTER THE WONDERFUL FIRST ASIAN REGIONAL CONGRESS ON RADIA-

TION PROTECTION ORGANISED SY IARP UNDER THE AUSPICES OF IRPA AND ON

THE OCCASION OF THE THIRD ANNUAL CONFERENCE ON RADIATION PROTECTION

WHICH IS BEING HELD DURING JANUARY 19-21. 1976 AT VIGYAN BHAVAN

NEW DELHI TO EXCHANGE INFORMATION. EXPERIENCES AND RESULTS IN THE

FIELD OF HEALTH PHYSICS AND RADIATION PROTECT/ON, PLEASE RECEIVE MY

PERSONAL WISHES AND COMPLIMENTS AND THOSE OF THE EXECUTIVE COUNCIL

OF IRPA FOR THE COMPLETE SUCCESS OF THE MEETING {.) I APPRECIATE THAT

IARP WILL DEBATE THIS YEAR THE IMPORTANT SUBJECT OF RADIATION PROTEC-

TION IN AGRICULTURE. INDUSTRY AND MEDICINE (.)

SINCERELY YOURS

CARLO POLVANI
PRESIDENT. IRPA
CNEN NUCLIT ROMA.
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INFORMATION FOR PARTICIPANTS

1. Venue

The conference will be held in Commission Room H, First Floor, Vigyan Bhavan,
New Delhi. Vigyan Bhavan is situated on Maulana Azad Road and is about 1 km from India
Gate.

2. Registration

All participants are required to register for the conference. Registration of participants
will commence at 9-00 hrs. on Monday, January 19, 1976. The registration desk will be open
throughout the duration of the conference. A registration fee of Rs. 10 for IARP members
and Rs. 25 for others will be charged and is payable IN CASH at the time of registration.
The registration fee is intended to cover partly the cost of conference documentation and light
refreshments which will be served to the participants during coffee/tea breaks.

3. Conference literature

The programme and synopses book and other conference literature will be distributed
free to all registered participants.

4. Instructions for authors

Authors presenting papers are required to report at the conference Jl at least 15 minutes
before the commencement of the session in order to receive instructions regarding presentation
of their papers and to hand over the slides to the projectionist. Please note that only slides of
overall size 5 cm x 5 cm will be accepted. Authors are required to adhere to the time schedule
as shown in the programme for presentation of their papers. They are advised to prepare
condensed versions of their papers to assist them in the oral presentation. The organisers of
the conference do not accept any responsibility for preparation of copies of the full papers
for distribution amongst the participants. They will, however, gladly assist in the distribution
of copies of papers supplied by the. authors. Authors desirous of having copies of their papers
distributed amongst the participants may seek the assistance of the conference secretariat.

5. Participation in discussions

A participant wishing to take part in the discussion should raise his hand and wait until
he is identified by the chairman of the session. He should then proceed to the nearest micro-
phone and after it is switched on, should first announce his name and affiliation and then
proceed with his question/comment. He should be brief and to the point with his question/
comment in order to enable a large number of persons to take part in the discussion. After
he has finished his question/comment, a volunteer will issue him a sheet of paper. The parti-
cipant is requested to complete the particulars required in the form and to summarise his
contribution to the discussion. He should return it to the conference secretariat as soon
as possible and in -r.j case not later than the close of the session. These notes will be used
or preparing the records of the conference.
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6. Refreshments

Coffee/tea will be served free to all registered participants during the breaks. Participants
may obtain lunch at the cafeteria of Vigyan Bhavan on payment of the usual charges.

7. Return travel

Outs tat ion participants are expected to make their own arrangements for reservation of
their return journey from Delhi. The conference secretariat will assist in checking confir-
mation of such reservation.

8. Accommodation

Arrangements are made by the conference secretariat for temporary accommodation
of outstation participants. Those requiring temporary accommodation during the course
of the conference are requested to contact the conference secretariat. Transport is provided by
the conference secretariat to take the participants to Vigyan Bhavan each morning and to
leave them at the places of their temporary accommodation at the end of the session each
evening.

9- Farther information

For any further information, please contact the public relations officer of the conference
at the following address:

SHRI K. B. DAYANI
Sr. Personnel Officer
Bharat Heavy Electricals Ltd.
Express Building
9-10 Bahadur Shah Zafar Marg
New Delhi 110 COL

JV



THIRD ANNUAL CONFERENCE ON RADIATION PROTECTION

PROGRAMME

Monday, January 19.1976

9-00 hrs.
10-00 „
10-05 „
10-20 „
10-40 „
10-45 „

Welcome
Presidential address
Inaugural address
Vote of thanks

REGISTRATION

COFFEE BREAK

K. G. Vohra
A. K.. Ganguly
M. S. Swaminathan
P. N. Arumugham

Session 1

Radiation Protection Experiences, Philosophy and Criteria

11-00 hrs. New perspectives in radiation protection philoso- K. G. Vohra
phy (IARP 5/1)

11-20 „ Analysis of occupational radiation exposures in K. S. Shenoy et al
India (IARP 5/2)

11-40 „ Status of radiation protection in facilities using C.P.R. Nair et al
open sources (IARP 5/3)

12-00 „ Radiation safety of workers in industry, agriculture U. Madhvanath and
and research (IARP 5/4) R. V. Dhond

12-20 „ Medical exposures of radiation workers (IARP 5/5) K. R. Das et al

12-40 „ A stochastic model for cell survival under irradia- P. C. Gupta
tion with two types of damages and repair having
exponential time distribution (IARP 5/6)

13-00 ,, LUNCH BREAK

Session 2

Medical Uses of Radiation

14-30 hrs. Acute radiation injury caused by faulty x-ray flu- P. S. Iyer
oroscopy procedure during pace-maker insertion
(IARP 5/7)

14-50 „ Penumbra studies in a teletherapy unit (IARP 5/8) S. Ramaswamy

15-10 „ Computer assisted pelvic dosimetry (IARP 5/9) I. S. Balakrishnan

15-30 „ Afterloading and radiation protection in the treat- B. D. Gupta et al
ment of carcinoma cervix (IARP 5/10)



15-50 hrs. TEA BREAK

16-10 ,, Time and motion study of brachytherapy sources D. R. Goyal et al
(IARP5/U)

16-30 „ Hazards to eye lens and gonads from hard beta S, M. Rao and
rays (IARP 5/12) S. J. Supe

16-50 „ Radiation protection problems associated with the A. Nagaratnam vt al
use of generator produced shortlived isotopes in
nuclear medicine (IARP 5/13)

17-10 „ Open forum: Protection in Medical Uses of Radia-
tion

Tuesday, January 20,1976

10-00 hrs. Special Lecture: Industrial Uses of Ionising Radia- V. K. lya
tion

10-30 „ COFFEE BREAK

Session 3

Industrial Uses of Radiation

10-50 hrs. Radiation safety measures in a food irradiation D. R. Bongirwar
plant (IARP 5/14)

11-10 „ Radiation emergencies in industrial radiography V. K. Bhargava et al
(IARP 5/15)

11-30 „ Radiation safety in the use of analytical x-ray I. S. Sundara Rao et al
equipment (IARP 5/16)

11-50 „ Fast neutron personnel monitoring in industrial G. Venkataraman et at
establishments (IARP 5/17)

12-10 „ Non-ionising radiations: A review of hazards and M.S.S. Murthy
control (IARP 5/18)

12-30 „ Assessment of airborne hazards in thorium process- P. Kotrappa et al
ing industry (IARP 5/19)

12-50 „ Study of decontamination and radiation resistance S. M.Shahrfa
properties of Indian paints (IARP 5/20)

13-10 „ LUNCH BREAK
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14-30 hrs.

14-50 „

15-10 „

15-30 „

15-50 „

16-10 „

16-30 „

16-50 „

17-10 „

18-00 „

10-00 „

10-30 „

Session 4

Instrumentation

LiF vs CaSO4: Dy for personnel monitoring (IARP
5/21)

A simple personnel monitoring TLD badge reader
for routine use (IARP 5/22)

Measurement of extremely small doses (IARP 5/23)

Reproducibility of the FBX dosimeter (IARP 5/24)

TEA BREAK

A compact radiation field indicator with alarm
(IARP 5/25)

K. G. Vohra et al

A. Sankaran et al

K. B. S Murthy et al

B. L. Gupta et al

V. H. Risbud et al

Use of Ge (Li) spectrometer for energy and output R. G. Khadake et al
determination of various imcalibrated sources and
x-ray beams (IARP 5/26)

Spark counter technique for the automatic count-
ing of alpha particle tracks in thin films of cellulose
nitrate (IARP 5/27)

A. M. Bhagwat and
S. D. Soman

Som: considerations of optimum detector posi- A. Nagaratnam et al
tioning in a multi-crystal stretcher bed geometry
whole-body counter (IARP 5/28)

INAUGURATION GF DELHI BRANCH OF IARP

Wednesday, January 21,1976

Special Lecture: Non-conveational Energy Sources H. N. Saran

COFFEE BREAK

Session 5

Nuclear Industry

10-50 hrs. Evaluation of inhalation risk due to breathing of M. C. Subbaramu
air containing radon and its decay products (IARP
5/29)

11-10 „ Measurement of AMAD and MMAD of airborne Giridhar Jha et al
particulates in the uranium mining and muling
industry (IARP 5/30)

VII



11-30 ,. Assessment of tritium exposures of workers in a B. M. L. Sah and
nuclear power station (IARP 5/31) B. Ramamirtham

11-50 .. Monitoring of liquid radioactive waste effluent at T. B. Nandwani and
Tarapur Atomic Power Station (IARP 5/32) N. B. Joshi

12-10 „ Significance of ruthenium and cerium radionuclides I. S. Bhat ct al
in environmental monitoring at Tarapur nuclear
site (IARP 5/33)

12-30 „ Estimation of thorium chain members in Kerala V. V. Kulkarni et al
monaziie belt and genetic dose to the population
(IARP 5/34)

12-50 „ Radioactive contamination of atmospheric air by S. U. Hashmi
beta radiation from nuclear debris (IARP 5/35)

13-10 „ LUNCH BREAK

Session 6

Radiation Physics

14-30 hrs. Energy spectrum of gammas from 252Cf sources D. N. Sharma et al
(IARP 5/36)

14-50 ,, Tissue dose distribution for air scattered gamma P. K. Sarkar et al
photons (IARP 5/37)

15-10 „ Suggested revisions of neutron MPFDs (IARP P. S. Nagarajan
5/38)

15-30 ., Contribution of ground scattered neutrons in the U.S. Rao et al
calibration of a rem counter (IARP 5/39)

15-50 „ A new 4ir precision neutron counter with uniform B. K. Kamboj et at
response in the energy range of 2-5 MeV (IARP
5/40)

16-10 „ TEA BREAK

16-30 „ Open forum: Protection in Industrial Uses of Radia-
tion

17-00 „ Closing session

VIM



SYNOPSES

SESSION 1

RADIATION PROTECTION EXPERIENCES, PHILOSOPHY AND CRITERIA

1ARP 5/1

New Perspectives in Radiation Protection
Philosophy

K. G. VOHRA, Division of Radiological
Protection, Bhabha Atomic Research Centre,
Bombay 400 085.

The paper reviews the recent findings on
the somatic and genetic risks of ionising
radiations. The somatic effects are considered
with respect to the induction of cancer by
mutation of the somatic cells, and acute
non-malignant damage of the skin. The
effect of dose and dose-rates for the two cases
are discussed. The concept of threshold limit
for the two types of effects is also considered.
Although there is sufficient evidence of the
existence of a threshold limit for acute
damage, we know very little about the chronic
effects of low dose-rates in carcinogenesis.
New studies on this aspect are reviewed.
Recent studies on the genetic effects of low
level exposures are also discussed in relation
to the damage caused by chromosome aber-
rations. The paper includes the recent re-
commendations of the ICRP on the philo-
sophy that "dose be kept as low as readily
achievable". In view of negligibly small
probability of damage at low doses and dose-
rates, the ICRP has stipulated that the doses
should be justifiable by the expected benefits
of the procedures. The considerations in
risk benefit philosophy in terms of cost
estimates of the risk are discussed.

IARP 5/2

Analysis of Occupational Radiation Exposures
in India

K. S. SHENOY, M. P. SANKARAN, R. V. DHOND

and P. H. PATEL, Division of Radiological
Protection, B^abha Atomic Research Centre,
Bombay 400 085.

The purpose of this paper is to give a sum-
mary of the records of occupational radiation
exposures accumulated in the years 1958-1973
and try to draw some conclusions from them.
Such a study enables us to follow the trend
of radiation exposures received during dif-
ferent types of operations carried out by the
radiation workers and to take remedial
action in cases of excessive exposures. For
the purpose of this study, the organisations
handling radiation sources are divided into
four broad groups: (1) Medical Institutions,
(2) Industrial Institutions, (3) Research
Organisations, and (4) Units attached to the
Department of Atomic Energy.

It is observed that most of the radiation
workers receive small doses. The dose
distribution has changed very little during
the period examined. Even though, the num-
ber of radiation workers has increased from
1687 in 1958 to 16639 in 1973, the dose in
man-mrem per week has remained more or
less stationary, which shows that the control
of radiation hazards has reached a reasonably
satisfactory state.

1



The variation of annual dose with the
type of work has also been examined. In
medical and industrial radiography, radiation
workers receive large doses. The. doses
received by the radiation workers in research
institutions are negligible. In atomic energy
installations the dose in man-mrem per week
shows an increasing trend because of the
nuclear power expansion programmes.

The principal conclusions from this study
are that the doses received have been general-
ly small. On an average 60 to 70% of the
persons who have been monitored had
received annual doses of 100 mrem or less.
In 1958, 70% received a dose of 500 mrem
or less and in 1973 this increased to 85%.
Five out of a total 1687 persons exceeded the
annual dose limit of 5 rem in 1958; this
number was 32 in a total of 16639 radiation
workers in 1973. The maximum number of
persons who had exceeded the annual dose
lLiit were found in industry, followed by
medical institutions. The average dose, in
mrem per person per week, is quite low and
has jot changed much with time which means
that the control of radiation hazards has
reached a reasonably satisfactory state.

The study reveals clearly that the average
dose per person per week is quite low. A
pertinent question that comes up is whether
it is necessary to monitor the individual.
The primary justification for a monitoring
programme is found either in the way in
which it helps achieve safety or in demonstrat-
ing that safety has been satisfactorily achiev-
ed (ICRP Publication 12). These two objec-
tives have been achieved in all the institutions
served by the Film Badge Service through &e
use of our personnel monitoring service
alone. However, even now there is small but
finite chance of persons getting high doses

dvc '••• ^..clessness on the part of the radia-
iiLHi w^i-c/s o" due to equipment failure
and it is therefore advisable to have individual
monitoring. Further, one can reconstruct
an accident with the help of dosimeters. The
dosimeters provide an indication of the work
practices of the individuals as well as the
radiation protection conditions existing in
the installations. Further, the results of
routine monitoring may provide the first
warning when the working methods or
conditions have changed for worse. Hence
some sort of monitoring is a must and
personnel monitoring remains the best tech-
nique.

IARP 5/3

Status of Radiation Protection in Facilities
Using Open Sources

C. P. R. NAIR, V. K. BHARGAVA, K. M.

SAMUEL and S. J. SUPE, Division of Radio-

logical Protection, Bhabha Atomic Research
Centre, Bombay 400 085.

Introduction

The use of radionuclides in liquid or
powder form is associated with external and
internal hazards (both to the radiation worker
and the population in the vicinity through
water and air). The internal hazards are
caused due to ingestion through surface
contamination or due to inhalation through
air contamination of radionuclides which
may deliver the dose locally to specific
organs. To reduce these hazards in labora-
tories handling open sources of radioisotopes,
national and international committees on
radiation protection have prescribed per-
missible levels of radiation from external
sources and of quantities of radionuclides
inhaled or ingested. Laboratories handling
unsealed radioisotopes can satisfy these



limits by prodding adequate storage and
handling facilities and a proper waste dis-
posal system and adopting good work
practices. To investigate to what extent such
laboratoiies satisfy the conditions and to
suggest remedial measures, if any, the
Division of Radiological Protection, BARC
organises country-wide radiological protec-
tion surveys. An analysis of radiation protec-
tion facilities in 153 laboratories surveyed
during the period from 1958 to 1975 is
presented and the results are discussed. The
difficulties in ensuring radiation safety, which
are probably common to all developing
countries, are discussed and the measures
to be adopted are suggested.

Distribution of Laboratories

The state-wise distribution of the labora-
tories is as follows:

Number of
laboratories

1 - 5
6-10

11 -15
16-20

Number of
states

7
3
4
2

The maximum number of laboratories are
in West Bengal and the minimum number
in Bihar and Pondicheny. Faculty-wise
breakup of the 153 laboratories is as follows:
Medical—41; Industrial—21; Agricultural—
21 and Research and Teaching—70. The
average number of nuclear medicine centres
per capita is 1 per 14 million. The breakup
according to the type of laboratories is as
follows: type-I—105; type-II—37; and type-
Hi—11. The maximum number of type-I,
type-II and type-IH laboratories are in re-
search and teaching, medical and industrial
institutions respectively. The number of
type-n and type-in laboratories are minimum
in industrial and agricultural institutions
respectively while there is only one type-in

laboratory in all the medical, agricultural
and research and teaching institutions.

Results and Survey Data

Storage of radioisotopes was unsatisfactory
only in 15 laboratories out of which 10
belonged to research and teaching and they
were mostly type-I. Fume hood and glove
box facilities were available in 33 out of 48
laboratories where they were needed. Remote
handling devices and monitoring instruments
were either not available or defective in 46
and 143 laboratories respectively. The waste
disposal system was satisfactory in 113
laboratories, comprising 80 type-I, 24 type-II
and 9 type-Ill. Lining of working/storage
area was provided in 98 laboratories, com-
prising 78 type-I, 22 type-II and 8 type-Ill.
Examples of observed bad work practices
other than non-lining of work surfaces were
(1) pipetting by mouth and (2) leaving of
contaminated articles in uncontrolled areas.
Only ten laboratories had persons trained
in radiation safety.

Discussion

An analysis of the survey data revealed
that while a few institutions had inadequate
storage facilities, many of them did not
observe good work practices and lacked
suitable handling devices and monitoring
equipment. The lay-out of a large number of
laboratories was good because their plans
had been approved by DRP before they were
authorised to procure radioisotopes. Since
source storage was safe, the main source of
hazard was surface and environmental con-
tamination. The reasons for contamination
were bad work practices and sometimes lack
of monitoring equipment. In some cases it
was observed that even when everything else
was satisfactory the areas were not monitored
regularly. As a result the contamination



remained undetected till the time of survey.
This was partly due to carelessness and
partly due to lack of training in radiation
safety. Although the surveys have been help-
ful in improving the conditions, we have
not been fuliy successful due to lack of
radiation consciousness in laboratory per-
sonnel. We are chalking out programmes to
arouse radiation consciousness among them
through correspondence.

We are also planning to evaluate the
population exposure due to the use of un-
sealed radionuclides in human beings by
studying the dose received due to individual
patients and release of radioisotopes to the
environment from various hospitals.

IARP 5/4

Radiation Safety of Workers in Industry,
Agriculture and Research

U. MADHVANATH and R. V. DHOI. , Divi-
sion of Radiological Protection, Bhabha
Atomic Research Centre, Bombay 400 085.

Use of radioisotopes in agriculture, re-
search and a good variety of radiation appli-
cations in industry involve exposure of
personnel of an order much less than back-
ground radiation levels. A major industrial
application, namely, non-destructive testing
with radiation sources, however, contributes
significantly to individual exposures. As this
industry requires handling of high intensity
sources and at times in most peculiar unsafe
conditions, workers in this field need the
maximum attention. Uneducated radiogra-
phers have been exploited by many companies
to the latter's economic advantage without
any regard for the exposure of the workers
concerned. A quantitative analysis of the
exposures recorded in our countrywide

personnel monitoring programme is given
below together with a critical look at the
possible biological effects from such ex-
posures.

In industry, if we separate out radiography
and luminous dial painting, 97% of the
workers in the remaining applications such
as moisture gauging, oil-well logging etc.
receive less than 100 mrem per year and
99%, less than 500 mrem per year. Several
isotopic devices, the uses of which come under
this category, are thickness and density
gauges, level indicators, electrostatic elimina-
tors, production control, sulphur and dust
analysers etc. Applications in agriculture
and research also come under this category.
Workers in the luminous dial painting in-
dustry, though a minority group, on the
contrary receive much higher doses, rather
uniformly distributed in different dose levels.
A study of annual exposures of 175 persons
revealed only 22% in the 0—100 mrem
range, but 38% in 101—500 mrem, and
38% in 501—3,000 mrem range. In addi-
tion, these workers are exposed internally
due to inhalation hazard and thus need to
be provided with better working facilities
or dilution of the work load by employing
more personnel. An analysis of 1500 an-
nual exposures of personnel (for the year
1973) in industrial radiography establish-
ments revealed that only 82% receive doses
in the range 0-500 mrem and 88% below
1 rem. Although the doses received by this
group seem high, in absolute numbers very
few people exceed regularly the annual per-
missible level of 5 rem. If this group is
considered for the average dose received
per year it would be less than 2 times the
annual background radiation level. Em-
ployees at nuclear power station.0 also receive
average doses of this order.



The biological effects of low exposures
at low exposure-rates are not known.
Epidemiological studies on human popula-
tions living at 10 to 20 times the normal
background radiations have been incon-
clusive. It has proved impossible to de-
monstrate effects of 10 rem from atomic
bomb radiation exposure in Japan on 50,000
survivors1. One wonders whether it would
ever be possible to obtain scientifically
dose-effect relationship at low dose-rates2.
The BEIR committee3 reported the available
data although the findings relate to high
doses and high dose-rates. The assumption
of a non-threshold, linear dose-effect rela-
tionship at levels below which quantitative
information is not available, is a simplifica-
tion justified only to estimate the upper
limit of risks involved. The actual values
may be much smaller than these upper
limits and for many biological end points
may not occur at all.

From the above considerations and the
analysis of exposures of personnel in industry
and agriculture, it is apparent that the appli-
cation of radioisotopes in our country can
be stepped up considerably without any
radiation risk. However, it should be borne
in mind that the present level of low exposures
was achieved during the past fifteen years by
education and training, giving advice on
planning of radiation installations and much
more by interacting with the radiation
workers during radiological protection sur-
veys. Analyses conducted by several countries
on the risk to radiation workers even in
nuclear power plants and population groups

References
' S. Jablon and H. Kato, Radiation Research, SO,

649-698 (1973).
* A. M. Weinwrg, Science, 174, 546-547 (1971) and

177,211(1972).
» BEIR Report, US National Academy of Sciences,

Washington D.C., 1973.

surrounding them point to a greater utilisa-
tion of atomic energy for power without
any restrictions, especially at a time when
the whole world is caught up with the energy
crisis.

IARP 5/5

Medical Exposures of Radiation Workers

K. R. DAS, T. Y. AMBIGER and P. AYYAPPAN,

Division of Radiological Protection, Bhabha
Atomic Research Centre, Bombay 400 085.

The International Commission on Radio-
logical Protection, while prescribing MPLs
of exposure to ionising radiation from man-
made sources for workers and the public at
large, has excluded radiation exposure from
medical procedures. However the commission
admits (ICRP Publication 16) that "the
greatest contribution to population exposure
from man-made radiations derives from
diagnostic x-rays". Hence the question arises
whether those charged with assuring the
health and safety of the radiation worker
should also be charged with the responsibility
of assuring that proper medical evaluation is
made of a worker's total exposure so that
his occupational exposure will not be detri-
mental to his well being? Hence to derive
anything meaningful from occupational ex-
posure data, the medical exposure data will
also be required.

The lower limits of MPLs are for blood
forming organs (bone marrow) and gonads.
Thorax, abdomen and pelvis contain the
bulk of the bone marrow. Pelvis contains
gonads also. Hence medical exposures to
these regions are of concern.

The radiological procedures can be divided
into three major categories: (1) diagnostic
radiology, (2) therapeutic radiology and (3)
nuclear medicine.



Diagnostic Radiology

The average number of radiological exami-
nations in India is about 36/1000 persons
per year. However, in a single institution
such as BARC where the medical facilities
are better, this number can be higher. The
annual number of radiological examinations
of radiation workers in BARC is about
250/1000 employees.

The average dose to a radiation worker in
BARC in 1974 was 380 mrad. Assuming the
same rate, the total dose for 12 years will be
4560 mrad. However, for a single abdominal
examination, the bone marrow dose is about
9 rad, which is higher than the 12 yr dose.
The doses can. be higher for special examina-
tions such as barium meal examination,
cardiac catheterisation, angiography etc.

Therapeutic Radiology

As early detection of cancer is becoming
more and more practicable, the chances of a
population undergoing radiotherapy also
increase. The dose received by the patient is
of more concern when we take into considera-
tion the number of paediatric cancers. It is
estimated that in India nearly 2000 new
cases per year of Hodgkins disease are
treated by radiotherapy. It is generally the
younger age group of 9-15 years which is
involved. With improved and accurate treat-
ment techniques the % survival can be in-
creased. About 45 % cure rate with long-term
survival period has been reported for brain
tumours in children. These children, when they
grow up, can also become radiation workers
and hence a history of the therapeutic dose
is more important in such cases.

Even with an external gonadal shield, while
using the inverted 'Y'technique for Hodgkins
disease, the dose to gonads for the entire

treatment will be about 300 rad in 40 days.
Since the treatment is aimed at blood form-
ing organs, the marrow dose will be of the
order of 4000 rad. The doses received by
marrow and gonads in various therapeutic
procedures are indicated.

Nuclear Medicine

Generally the whole body dose from
nuclear medicine procedures is quite low,
because of the rapid advancements made in
developing suitable radionuclides, the detec-
tors and the associated electronics. Bone
marrow scanning with 198Au gives about
1-3 rad whole body dose whereas with "^Tc
it is only about 200 mrad. A brain scan with
203Hg may give about 400 mrad and with
RIHSA it is about 700 mrad. Use of "smjn

can bring down these levels to a few mrad.

Measurement Technique

The whole body dose can be calculated for
therapeutic procedures from the data of the
therapy schedule and for nuclear medicine
procedures from the amount of radionuclide
administered. But since in diagnostic radio-
logy, the physical and geometrical para-
meters are not normally recorded, it is difficult
to calculate the dose received by the patient.
Hence, a monitoring equipment which can
measure and record the roentgen area product
(R cm2) in each examination will be useful.
In this case the distance from the target and
the area and time factors are automatically
taken care of.

A parallel plate ionisation chamber is
made of perspex, coated with aquadag. The
perspex plates are separated by 1.0 cm thick
perspex frame; the cross sectional area of the
sensitive volume is 20 x 20 cm2. Because this
chamber has to be attached to the light beam
diaphragm, to enable the technician to see the



optical fie'd, radial slits are made on the
aquadag coating. The saturation of the ioni-
sation current was found to start around
100 V. Hence the cathode voltage is kept at
300 V. A linear relationship is established for
the response in mV against the roentgen-area
product. The exposure from diagnostic
radiology can be measured routinely by
incorporating this chamber at the diaphragm
of the diagnostic unit, and the data recorded
for every radiation worker along with his
occupational exposure.
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A Stochastic Model for Cell Survival under
Irradiation with Two Types of Damages and
Repair Having Exponential Time Distribution

P. C. GUPTA, Directorate of Scientific
Evaluation, Research & Development Or-
ganisation, Ministry of Defence, New Delhi.

The paper deals with biological response of
a living cell to energetic radiations depending
on the knowledge of spatial distribution of
energy absorbed and two parameters, the
damage and repair rates constants. A simple
cellular model, proposed earlier to account
for cellular survival, has been extended to
evaluate the biological effects produced by
high LET radiations. In order to compute
cell survival or damaged state's probabilities,
theoretical expressions have been obtained
on the assumption that once a cell is repaired
it will behave like a normal cell for further
irradiation.

SESSION 2

MEDICAL USES OF RADIATION
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Acute Radiation Injury Caused by Faulty
X-ray Fluoroscopy Procedure during Pace-
maker Insertion

P. S. IYER, Division of Radiological Protec-
tion, Bhabha Atomic Research Centre,
Bombay 400 085.

Introduction

The recent advances in the surgery of the
heart would not have been possible without
the increased diagnostic accuracy afforded
by the associated x-ray fluoroscopy.1 Pace-
maker insertion and cardiac catheterisation
which are two such procedures are very time-
consuming and the patient doses in these
cases are relatively high.8

Two cases of acute radiation burn caused
by faulty x-ray fluoroscopy procedures
during pacemaker insertion and cardiac

catheterisation have been reported from a
major medical institution in the country.
In this paper the radiation doses received
by the patients in the two cases are estimated.
The x-ray equipment parameters and the
work practices resulting in this injury are
analysed in the light of the recent recom-
mendations of the International Commission
on Radiological Protection.3

History

In the first case, a cardiac pacemaker was
inserted in a male patient in February 1974,
and in the second, cardiac catheterisation was
performed in a female patier t in September
1974. The x-ray screening periccr in the two
cases were estimated as 120 and 45 minutes,
respectively. Both the patients complained
of burning sensation at the back on the days
following these procedures. Subsequently, the
first patient had severe blackening of the
skin which soon developed into a wet wound



with blisters and cracks covering an area of
diameter greater than 25 cm. The second
patient also developed similar but less severe
injury. The first patient still has an infected
area of diameter 15 cm and there has been
no healing in this area for the last several
months. The second patient died later due
to other reasons.

Patient Doses

The table top exposure-rate was found to
be 32 R/rnin, which would correspond to a
skin dose-rate of about 35 rad/min. The
skin dose? received by the two patients are
estimated to be about 4200 and 1600 rad
respectively.

Work Practices

The proper use of the diaphragm and
filter and adequate dark adaptation would
have significantly reduced such high doses
to large areas of the skin. While the dia-
phragm and the attached filter had been
removed from the unit permanently, the
dark adaptation was poor. Also an image
intensifier which must be used in such long
procedures was not available.

ICRP Recommendations

la this context, the equipment and installa-
tion parameters for this x-ray machine and
the relevant ICRP recommendations3 are
tabulated below.

Parameter

Tube potential

Tube current

Filter

Focus skin distance

Exposure rate

Diaphragm ..

Image intensiikr

Dark adaptation

Present Unit

80 kV

4 m\

No added filter

40 cm

32 R/min.

Removed

Not available

Poor

ICRP Recommendation

80—100 kV

2 mA

4 mm Al

50 cm

Not to exceed S R/min.

Adjustable diaphragm

Recommended

Must be complete

Conclusion

It is evident from this study that adequately
equipped x-ray facility and proper training of
the staff in radiation safety would have
avoided such heavy radiation doses.
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1 J. H. Gough, R. Davis and A. J. Stacey, Brit. J.

Radio!., 41, 508 (1968).

"- G. M. Adrian, J. Hamill, E. E. Roberts and R.
Oliver, Brit. J. Radio!., 43, 391 (1970).

3 International Commission on Radiological Protec-
tion, Publication No. 16, Pergamon Press, Oxford
(1969).

IARP 5/8

Penumbra Studies in a Teletberapy Unit

S. RAMASWAMY, Cancer Institute, Adyar,
Madras 600 020.

The output of a teletherapy unit depends
on the source size and the amount of radio-
active substance it contains. To reduce the
penumbra, the source diameter must be
small. This is not practicable because the
source strength and the output will cor-
respondingly be reduced. Usually the source
diameter of a cobalt source is 2 cm and has a
length of 2 era, so the penumbra is larger
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compared to that of a 6 mm focal spot in the treatment of the cancers of the uterine
linear accelerator. cervix.

To treat cervical lymph nodes in the case
of patients with cancer pharynx, separate
fields are employed. In these cases the
separation of the fields is not known. If the
fields are too close, it may result in hot
spot and too much of separation results in
cold spot. Also with depth the side scattering
increases.

This paper deals with the dose distribution
across two adjacent fields in a teletherapy
unit. The relative doses across a field are
measured with the help of a Baldwin Farmer
chamber and electrometer. The various
possibilities of additions are discussed. Also
graphical methods are described. The whole
procedure is repeated with films, in a pressed
wood phantom.

It is found that a satisfactory uniformity
in dose distribution could be obtained for a
field size of 7 x 7 cm, if a gap of 5 or 6 mm
is given and also converging angle between
the fields is avoided.
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Computer Assisted Pelvic Dosimetry

t S. BALAKJUSHNAN, Cancer Institute, Adyar,
Madras 600 020.

Computers are time saving devices which
find extensive use in cancer hospitals, especial-
ly in radiotherapy problems like radiation
treatment planning, dosimetry of various
radiation sources, acquisition and analysis
of patient's records etc. Because of the
greater accuracy and speed of the computer,
the overall efficiency of a radiotherapy de-
partment is increased. We have been using
computers for the dose distribution problems

Early cancers of the cervix uteri are treated
mainly by intracavitary radiation sources,
either radium or cobalt-60 tubes. The iose
distribution is not homogeneous as in the
case of external beam therapy, but the dose-
rate is very high near the tubes and falls off
rapidly as we go away from the tubes. Be-
cause of the proximity of bladder and rectum,
an accurate assessment of doses in these
regions is necessary. These calculations have
to be done for individual cases because of the
differences in positions of radium/cobalt-60
tubes, the slight variations in the anatomical
positions of bladder, rectum etc. Hence one
standard calculation cannot be used for all
patients.

The normal technique employed to cal-
culate the dose-rate around a radium tube
is to use Qu'tmby's tables or Sievert's in-
tegrals or by direct measurements. We use
isodose lines around the available sources
drawn using Quimby's tables and these are
used in conjunction with the contour pro-
jector (Mayneord's) in which the position of
each radium/cobalt-60 tube in the patient
can be simulated and doses read off in the
plane passing through the uterus and points
A and B. These manual calculations are very
time consuming, tedious and involve human
errors. Getting a three dimensional dose
distribution by this method becomes quite
an impossible task. Because of their high
speed and accuracy, computers are very
suitable for this work.

The following specifications are desirable
in a computer program: (1) The input data
must be minimum possible and easily ob-
tainable from the radiograph of the patient's
insertion. (2) The output must be easily
interpretable either in dose or dose-rate at



various known points. (3) The program
should be capable of indicating wrong input
data (if any, by mistake) rather than giving a
wrong output value.

A modified version of the Middlesex
hospital program which is written in
FORTRAN IV is stored on the magnetic
disc of the IBM 370/155 computer at I.I.T.,
Madras. In order to achieve flexibility, the
system is made up of a number of subroutines
which can be called at will, depending on
the types of radium/cobalt-60 tubes, milli-
gram contents, active length etc. The main
program states the sequences in which the
various subroutines are to be executed. The
grid over which the doses are calculated can
be specified in the input data of the first
subroutine. The input data to the second
subroutine determines the area of the plane
over which dose distribution is required.
The third subroutine reads in the data for
one radium/cobalt-60 source and calculates
the dose at each of the points found in the
grid due to this source. The next set of source
data is then taken in and the process repeated
and the results added to those for the first
source. For this purpose, the dose factor
charts of Young and Batho for linear radium
sources are used. The fourth subroutine
specifies the output. This also calculates ths
projections of the ends of the sources on to
the plane and their perpendicular distance
from the plane.

The input data describing the arrangement
'jf the sources within the patient is derived
from the shift x-ray film of the insertion. The
dose distribution (output) of different pa-
tients with different sources is described.
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After-Loading and Radiation Protection in
the Treatment of Carcinoma Cervix

10

B. D. GUPTA, P. S. NEGI and T. K. DUTTA,

Department of Radiotherapy, Post-Graduate
Medical Institute, Chandigarh 160 Oil.

Intra-cavitary radiotherapy has proved
highly effective in the treatment of cancer
of the cervix and is unlikely to be replaced
by any other procedure available to us. It
is well known that this form of therapy was
steadily losing ground during the last decade
due to mounting opposition to the radiation
exposures of medical personnel and technical
staff. The practice usually involves the
handling of 70—100 mCi of radioactive
sources and the chances of radiation risks
are certainly increased. The difference be-
tween radiatira and other occupational
hazards must be stressed in that radiation
effects may be delayed and even transmitted
to the next generation. The maximum per-
missible weekly dose for the radiation worker
is 100 mrad and for other individuals is
10 mrad. It is observed that these limits are
difficult to comply with when one is taking
care of a patient carrying an uterus applica-
tor. A variety of methods and applicators
have been developed for this practice. We
have designed a simple after-loading system
which is found to be useful and practical
in our country. The radiation dose received
in the use of the after-loading applicator has
been carefully analysed and the results are
encouraging. The design, procedure and
dosimetry are discussed in the paper.
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Time and Motion Study of Brachytberapy
Sources

D. R. GOYAL, P. S. NEGI and B. D. GUPTA

Department of Radiotherapy, Post-Graduate
Medical Institute, Chandigarh 160 011.



The practice of brachytherapy needs radio-
active source in three ways, viz. implants,
moulds and intra-cavitary applications. In
implants and moulds the quantity of radiation
source handled is far less (7—25 mCi) as
compared to intra-cavitary applications which
require a much higher range (90—120 mCi).
The radiation hazards in a radiotherapy de-
partment depend not only on the strengths of
the radiation sources used but also on the
variety of moulds/implants and types of
intra-cavitary applicatc-3. As radium and
substitutes are handled in different conditions
and locations such as radium safe, lead bench,
transport cart, radium theatre, ward etc.,
it was essential to record the radiation ex-
posures at their respective sites. In the present
study time and motion records of brachy-
therapy sources used in our department were
prepared for various implants and intra-
cavitary work. The dose-rate levels (mR/hr)
were correlated with the time and motion
record to derive the radiation exposures
due to different procedures, especially pre-
loaded and after-loaded applicators. The
study was spread over a year and covered
cases which included 260 intra-cavitary
applications, 6 implants and 3 moulds. The
experiences of different radiotherapists and
other technical staff were also taken into
account while evaluating the radiation ex-
posure due to any procedure. The data thus
obtained are presented, discussed and com-
pared with data available from published
literature.
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Hazards to Eye Lens and Gonads from Hard
\ Beta Rays

S. M. RAO and S. J. SUPE, Division of Radio-
logical Protection, Bhabha Atomic Research
Centre Bombay 400 08S.

It has been our experience that many
radiation workers handling beta-ray sources
do not appreciate the hazards associated
with beta-ray exposures. This is because for
external exposures, highly penetrating radia-
tions like x-rays, gamma rays and neutrons
are most significant; alpha and beta-rays
being less significant as they penetrate only
the superficial layers of the body tissues.
However, the importance of the hard beta
radiation from outside the body was re-
cognised by the United Nations Scientific
Committee on the Effects of Atomic Radia-
tion. In their report1 they pointed out that
the radiation doses from hard beta-rays to
gonads and eye lens could be quite hazardous.
However, most of the personnel monitoring
programmes assumed only the skin as the
critical organ for these radiations. Only in
certain cases 15% of the skin dose used to
be taken as a contribution to the eye lens
dose.2 This is based on the percentage depth
dose at the eye lens epithelium from a
*>Sr—soy applicator used in contact with
the body tissues. However, in practice,
radiation exposures take place with body
tissues at an appreciable distance from beta
sources. It has been shown by Haybittle3

and Supe4 that the percentage depth doses
increase considerably with increasing distance
between the source and the tissue. Radiation
workers thus will receive a much larger
percentage of depth doses on the lens epi-
thelium than hitherto assumed. In the case
of gonads the average depth of the male
gonads was assumed to be 1 cm for external
exposures. Even though this assumption is
correct for penetrating radiations, Fuch an
assumption in the case of hard beta rays
results in neglecting the external radiation
hazards to gonads. However, a considerable
portion of the testicular tissue is irradiated
when a male radiation worker is exposed to
hard beta-rays. The layers of cloth and skin
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that lie on ihe testicular tissue which hitherto
were assumed to absorb the beta-rays, on the
other hand, provide a 'buildup' when the
beta-ray source is at a considerable distance
from body tissues. These aspects have been
studied.

Materials and Methods

450 mCi 90Sr—noY having a diameter of
12 mm was used for these measurements.
Central axis depth doses were measured
with an extrapolation chamber for various
SSDs of 0, 1, 5, 15, 25 and 40 cm. From this
it was found that as the SSD increases the
percentage depth dose increases due to build-
up up to a certain SSD and then it decreases
gradually. In the case of 90Sr—90Y the
maximum percentage depth dose occurs at
15 cm SSD. Similar measurements were
done with 100 mCi 32P having a diameter
of 12 mm. The maximum percentage depth
dose was found for 5 cm SSD.

Dose to eye lens

For obtaining eye lens dose the anatomical
data published recently by Charles and

Browns were used. They have shown that the
minimum depth of the lens equator from the
scleracornea surfaces is 1.8 mm for shallow
lying lens (old hyper metrope). For normal
eyes this depth has been shown to be at an
average of 2.1 mm. These depths are mea-
sured in approximately perpendicular dis-
tance to the surface of'cornea at the limbus.
However, for a person looking at a source
at a normal distance of viewing, the rays
would be parallel to the central axis of cornea.
Depth along this direction corresponds to
2.45 and 2.8 mm respectively. For these
4 depths percentage depth dose data with
9O S I _MY,

 32P and 144Ce sources cor-
responding to the SSDs having maximum
buildup, are presented in Table 1. For
comparison the data about the percentage
depth doses when the source is in contact
with the eye are also presented. It may be
noted that because of the buildup there is
an appreciable increase in the depth dose to
the equator of the lens epithelium and hence
the increased probability of radiation hazards.

TABLE 1, PERCENTAGE DEPTH DOSES AT THE EYE LENS EPITHELIUM

Radionuclide

»osr— soy

»P

»Ce

SSD (cm)

0

15

0

5

0

10

Percentage dose at depths of

1.8 mm

35.7

101.0

16.5

49.5

49.5

103.5

2.1 mm

30.5

85.5

12.0

40.5

44.0

97.6

2.45 mm

24.5

68.0

7.3

30.5

38.5

89.4

2.8 mm

20.0

51.0

3.5

21.5

33.5

82.4

Dose to testes Printon-K films cut into the shape of strips
were interposed in between the Mix-D

To study the radiation dose pattern in the blocks and exposed to the beia-ray applica-
testes due to 90Sr—MY, a testis phantom tor, keeping the testis phantom at a distance
was made with small strips of Mix-D. Agfa of 15 cm. The developed films were scanned

12



under a 0.4 min diameter aperture, and the
isodose curves were plotted. It may be noted
thai the upper layers of the testis up to the
•depth of 500 mg/cm2 are irradiated by
external beta-rays, when the beta source is at
a distance of 15 cm. The skin and cloth will
provide buildup and the top layers of the
testis to the extent of 300 to 400 mg/cms

would be irradiated. This indicates that there
are sortie spermitogonean tissues at risk
when testes are subjected to the beta ex-
posures. The radiation hazards have to be
evaluated taking these factors into considera-
tion.

It can be concluded that an appreciable
amount of testicular tissue is exposed to
hard beta-rays and the radiation effects are
not negligible, as is customarily presumed.
The exposure to the equatorial region of the
lens epithelium can be as high as the surface
•exposure and is 2-6 times the presumed
value of 15% of the surface dese. It is there-
fore necessary to be cautious with hard
beta-radiations from noSr—MY, 32P and
"'Ce beta-ray sources.
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Radiation Protection Problems Associated
with the Use of Generator Produced Short-
lived Isotopes in Nuclear Medicine

A. NAGARATNAM, LT. COL. N. LAKSHMIPATHI

and BIKRAM SINGH, Institute of Nuclear

Medicine and Allied Sciences, Prbbyn Road.
Delhi 110 007.

The indigenous availability from BARC of
ii3mjn a n c j Mm-jc generators is bound to
lead to their introduction in scanning pro-
cedures by many nuclear medicine centres in
the country.

There are two radiation protection pro-
blems associated with their use which need
newer measures not normally available in a
practising nuclear medicine department. First,
the staff concerned with the milking of the
generators, tagging of the isotopes to various
Pharmaceuticals and their injection to pa-
tients, will be handling tens of millicuries
in each operation and their finger tips in
particular will be getting high doses. Pro-
cedures for monitoring of the finger doses
like use of TLDs will have to be initiated
on a regular basis. The operations will have
to be critically examined. Appropriate re-
mote control and shielding devices will have
to be designed to suit local conditions to
reduce personnel exposure.

The other problem concerns the quality
control tests of the radiopharmaceuticals,
including radionuclide purity, radiochemical
purity, pH, chemical purity, pprticle size
determination in case of colloids, sterility
and apyrogenicity. Any deviation from the
specifications may lead to the pharmaceutical
not behaving in the intended fashion, thus
necessitating the repetition of the test on the
patient and consequent increased radiation
exposure. The quality control tests have to
be carried out at the site of preparation of the
pharmaceutical in the department itself.
iTiis imposes the necessity of suitably trained
and experienced radiopharmaceutical chem-
ists as well as a fullfledged quality control
set-up in each nuclear medicine department.
For obtaining the most meaningful results
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with the minimum of exposure to the staff
and patient, the radiopharmaceutical chemist,
the clinician and the health physicist have to

work in close collaboration.

The experiences of 1NMAS in this field
will be presented

SESSION 3

INDUSTRIAL USES OF RADIATION

Radiation Safety Measures in a Food Ir-
radiation Plant

D. R. BONGIRWAR, Biochemistry & Food
Technology Division, Bhabha Atomic Re-
search Centre, Lombay 400 085.

A food irradiation plant consists of the
following major components: (a) the radio-
active source assembly with its positioning
and shielded storage equipment, (b) the ir-
radiator, and (c) the product conveyor me-
chanism.1*8 Installation and operation of a
food irradiation plant employing a large
radioisotope source must take into account
certain control and safety requirements;
accordingly, the safety measures incorporated
in the design of the food package irradiator
plant installed at Trombay are described
below.

The control console part of the food pack-
age irradiator is quite simple: the mechanical
systems are automated and the whole plant
requires only intermittent attention. When
the source is exposed, it emits radiation of
known energy and adequate penetration in a
geometrical configuration that has been
previously defined, is obtained. The decay
rate is known and the dose is determined at
any time by the total cobalt charge and the
exposure time (or conveyor speed). Thorough
training of operators, existence of a clearly
written, up-to-date and detailed operating
procedure, and enforcement of adherence
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IARP 5/14 to the procedure are essential for safe opera-
tion. An intricate -ystem of interlocks, de-
vices and measuring instrument11 enhances
the safety of the operations. .

The plant has a viewing system to allow
the operator to scan the radiation cell before
start-up. Before the operatior starts, all
safety inter-locks (doors, barriers, etc.) must
be closed. The operator then locks the outside
entrance to the cell (the last interlock) with
the only key, which is also used to start the
irradiation plant. If any interlock is open,
nothing will happen when the key is turned.

The plant has also enforced inspection of
the radiation cell by the operator before
start-up by requiring the pulling of a handle
in the most distant corner of the cell to
actuate the interlock system. Any startup
of radiation operation begins with the sound-
ing of an alarm to warn people.

Properly located radiation monitoring
equipment ensures safety of operations.
Separate radiation monitors are set up to
measure radiation levels at the following
locations: (1) the cell when the source is in
"safe" position; (2) control area; (3) exhaust
fan; and (4) water deioniser unit. Periodic
radiation surveys are not needed since there
can be no change in the emission except for
gradual decay (about 12% per year). In
addition to all these safety precautions,
operators in food irradiator plant wear film
badges or personnel monitoring dosimeters



collected and read bi-weekly or monthly.
Although they have little value in preventing
overexposure in a hazardous situation,
they would nevertheless reveal its existence
so that future exposures might be prevented.
A maintenance of inventory control to pre-
vent the mixing of treated and untreated
products by provision of a "go-no-go"'
dosimeter or indicator label on each product
will have to be considered for smooth
operation of irradiators on a large s ale 3>4.
In conclusion, it can be said that the radiation
safety measures play an important role in the
design of food irradiation plants.
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Radiation Emergencies in Industrial Radio-
graphy

V. K. BHARGAVA, M. L. BHUTANI, V. K.

SHIRVA and S. J. SUPE, Division of Radio-
logical Protection, Bhabha Atomic Re-
search Centre, Bombay 400 085.

Introduction

High active (strengths of the order of
curies) sources which can create radiation
emergencies are used for radiography work

in industries. The number of iridium, cobalt
and cesium sources in use are 170, 49 and
16 respectively and are distributed among
145 installations. The sc".rces have to be
frequently moved in and out of their housing
either mechanically or manually. On account
of such nature of work, the probability of
an emergency is high in industrial radio-
graphy work. The institutions have been
advised to inform the Division of Radiologi-
cal Protection, BARC immediately when an
emergency has arisen. On receipt of the in-
formation the division promptly deputes a
survey team to the institution to deal with
the emergency situation. Twenty-seven emer-
gency surveys have been conducted by the
division during the period 1965-75. This paper
presents an analysis of these surveys and the
causes of the emergencies. Future steps to
overcome emergencies are also discussed.

Types of emergencies

Radiation emergency means any situation
in which a radiation source poses risks of
heavy unwanted exposures to the personnel
and the public. With a radiography camera
emergencies may be caused by the source
getting stuck up or lost. In the first case the
source fails to come back to its safe position
when the exposure is terminated and may be
held up either in the housing or in the guide
tube. The sources may be lost due to
deliberate mischief or carelessness of the
operators.

Analysis of emergency survey results

The year-wise break-up of the number of
emergency surveys conducted by the division
is given below:

Year

No. of emergency surveys

1965

1

66

—

67

1

68

3

69

2

70

1

71

3

72

4

73

7

74

3

75

2

Total

27
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The break-up into "source stuck up" and
"source missing" types of emergencies is
18 and 9 respectively. The break-up into
closed field and open field radiography is
as follows:

In the "source stuck up" emergencies, the
sources had got disengaged in 6 cases and
were held up due to obstruction in 12 cases.
In 2 cases the emergency was repeated thrice
with the same camera and in 1 case twice.
In this type of emergencies the source was
found in the source housing in 1 case and
in the guide tube in 16 cases.

In "source missing" type of emergencies,
3 were cases of theft. In two cases the sources
could be located at far away places and in
three cases within a short distance. Four
sources could not be traced because the
culprits seem to have had a knowledge of
radiation detection and had taken the sources
to very far off places.

The reasons for sources getting stuck up
or lost are analysed below:

Nature of fault

Deliberate mischief

Poor maintenance

Rough handling

Bad security arrangement

Number of
emergency surveys

Source
stuck up

1

' 7 '

10

—

Source
missing

3

2

2

2

In all cases we have given suitable re-
commendations to reduce the probability of
emergencies.
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Radiation Safety in the Use of Analytical
X-ray Equipment

I. S. SUNDARARAO, S. P. ZAPARDE and P. S.

IYER, Division of Radiological Protection,
Bhabha Atomic Research Centre. Bom-
bay 400 085.

Accidental over-exposures are not un-
common while working with x-ray beams
emerging out of x-ray crystallographic units.
There could be very hazardous situations,
due to the following reasons:

1. The x-ray beam intensities very near
the tube window are of the order of
40G0R/sec.

2. The x-ray tubes are provided with very
little inherent filtration (often less.
than 1.0 mm Be) to ensure unat-
tenuated transmission of soft radia-
tion from the x-ray tub" to the sample
situated outside the tube.

3. The nature of work is such that the
user is required to stay very close to
the direct beam for a considerable
period.

The potential hazard arises because of the
need to align the specimen and to remove and
insert the collimator with the x-ray beam
"on". Normally most x-ray tubes used for
analytical work provide more than one
x-ray beam simultaneously for experiments,
and the user may inadvertently expose his
fingers or forearm to the direct x-ray beam
which is not in actual use.

Two cases of accidental exposure to the
direct radiation resulting in severe local
injury to finger and forearm, are analysed
for the possible cause of the accident and the
detailed dosimetry is presented.
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Information on the number of analytical
x-ray units which are in use in the country
a.nd other details such as kV, mA, number of
targets, target materials, type and make of
x-ray tube and the built-in protection have
been collected.

On the basis of our experience, procedures
are suggested for routine monitoring of
these x-ray installations. The response of
survey instruments to low energy x-rays and
procedures for calibration of these instru-
ments are presented. The use of personnel
monitoring devices such as film badges when
working with these units is discussed.

Radiation safety devices such as leak-proof
joints for the lead lined cabinets housing the
x-ray units, collimator devices, beam traps
and mechanised restrictions to prevent ac-
cidental exposure to the direct beam are
suggested.
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Fast Neutron Personnel Monitoring in In-
dustrial Establishments

G. VENKATARAMAN, O. P. MASSAND and U.

MADHVANATH, Division of Radiological Pro-
tection, Bhabha Atomic Research Centre,
Bombay 400 085.

In our country a large number of labora-
tory neutron sources are used for various
purposes in nuclear physics research and
in industry for soil moisture measurements,
oil well logging. The number of users is
increasing steadily. The source strengths used
vary from a few mCi to a few Ci.

All these users have so far been provided
with personnel monitoring Kodak NTA
films for purposes of individual monitoring.
This detector, while being the best available
by far for fast neutron personnel monitoring,

suffers from a singular lack of sensitivity
which makes it difficult to monitor low
dose-equivalents accurately. The films can-
not be used over long periods because of
the fading properties of the films. Any
estimate of low doses (with all the attendant
uncertainties) has to be made by spending
a good deal of time on each film under the
microscope.

Therefore when the users increase, cor-
respondingly the labour increases which
again contributes to the uncertainties (scan-
ning fatigue) and a time comes when the
requirements for individual monitoring need
to be reviewed. The norms governing the
provision of individual monitoring vary from
country to country. The ICRP has given
certain minimum dose-equivalent limits above
which only individual monitoring is needed.

We have worked out the strengths for
various neutron sources below which indi-
vidual personnel neutron monitors may not
be provided. While deriving these limits, of
necessity certain assumptions have to be
made regarding the proximity of the worker
to the source and the occupancy and these
are supported on the basis of past records
of neutron personnel monitoring. Neutron
source users as a class are separate from
other radiation source users. The sources
are used under reasonably controlled condi-
tions by trained users and the chances of
any serious accident with the sources where
individual monitoring is not there, seem to be
remote. While there can be reservations
about these limits it is sought to be shown
how this decision does not change in any
way the existing situation. An attempt is
also made to show with the help of gamma to
neutron ratios, how the situation can be
improved with the use of more sensitive
gamma monitors. It is shown how these
limits apply to other radiation sources.
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Non-Ionising Radiations: A Renew of Hazards
and Control

M. S. S. MURTHY, Division of Radiological
Protection, Bhabha Atomic Research Centre,
Bombay 400 085.

The two most important types of non-
ionising radiations we are interested in this
review are (1) Microwaves and (2) Lasers.
These have come into extensive use in recent
times and hence constitute a potential
hazard to the operating personnel.

Microwaves are electromagnetic radiations
with wavelengths in the centimetre range.
They are generated by electronic devices
known as klystrons, magnetrons and travel-
ling wave oscillators. The power output of
these devices may vary from a few microwatts
to several megawatts. Microwaves are. ex-
tensively used in radar and other forms of
communication. They are -also used in
microwave spectroscopy, radioastronomy,
microwave ovens and in medical therapy.

The laser is a unique device capable of
delivering intense coherent electromagnetic
radiation in the spectral range from ultra-
violet to infrared. It is highly monochromatic
and spatially coherent. These are two im-
portant differences between ordinary light
and laser light. Spatial coherence facilitates
the focussing of all the laser's available
energy over an extremely small area. Thus
power densities which are unattainable in any
other source of light can be attained in lasers.
Laser beams are used in medicine (eye
surgery, destruction of cancer tissue), in-
dustry (machining, welding and cutting
operations), holography, metrology and com-
munications.

Most of the biological effects of micro-
waves at high intensities (a few hundreds of

mW/cm-) are attributed to the heating effect
of the absorbed energy. These effects vary
from cellular damage to death of the organ-
ism. The severity of the effect is known to
depend upon both physical and physiologi-
cal parameters such as (a) frequency of the
radiation, (b) size and orientation of the
absorbing body, (c) intensity and duration
of exposure, (d) environmental temperature
and humidity and (e) vascularity and heat
dissipating characteristics of tissue.

At low intensities which may exist in some
work areas (tens of mW/cm2 and less) several
non-thermal effects have been reported.
Some of these are weight loss, persistent
low blood pressure, decrease in the efficiency
of rats to perform trained tasks, chromosomal
damage and mutation in male fruit fly. For
non-lethal effects, based on some of the
parameters cited above, the eye and the
testes are considered to be the most vulner-
able organs.

When laser light is incident on the body,
pigmented portions absorb the light. The
amount of energy absorbed depends upon
the type and amount of pigment and wave-
length of the laser light. Subsequent to
absorption the energy will be converted to
heat and hence the biological effects of
exposure to high intensity laser beams are
similar to the effects of microwaves. The
vulnerable organs are the skin, because of the
pigmentation, and the eye, because of the
focussing effect of the lens.

Compared with the ionising radiations,
the art and science of the hazard control of
non-ionising radiations are still in infancy.
There is no internationally accepted safe
exposure limits. While the UK, USA and
Canada have adopted a permissible level of
10 mW/cma for the microwave radiation
(continuous exposure), the Soviet Block
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countries have adopted much lower levels
ranging from 1.0 m\V/cm2 to 0.01 mW/cm2.
The problems of measuring such low levels
are formidable; and there are no personnel
monitoring devices.

In India, safe exposure limits have not
been formally recommended. There are c\
ready more than 100 radar installations in
the country. There are also many research
institutes, service and manufacturing facilities
employing microwaves. Microwave ovens
may become available in the near future.
Monitoring facilities and expertise in hazard
control are not available. It is, hence, neces-
sary to establish a sound programme of
research, development and service in the
area of hazard control of non-ionising radia-
tions. These aspects and the findings of a
few protection surveys conducted by the
DRP are discussed in this review.
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Assessment of Airborne Hazards in Thorium
Processing Industry*

P. KOTRAPPA, D. P. BHANTI, V. B. MENOW,

R. DHANDAYUTHAM, C. O. GOHEL and P. P,

V. J. NAMBIAR, Health Physics Division,
Bhabha Atomic Research Centre, Bom-
bay 400 085.

Inhalation is the main source of hazard
in the thorium processing industry. The
hazard is due to airborne thorium, thoron
and the associated decay products. Detailed
assessment of the airborne hazards was
carried out in different areas of the Thorium
Plant at Trombay.

Concentration of thoron varied from 100
pCi/1 to 1300 pCi/1. Many areas had con-
centrations in excess of MPC, for thoron
(300 pCi/1). A special characteristic of the
thoron decay products is the measurement of

the unattached decay products of thoron, a
measurement needed for accurate use of
ICRP equation for MPCa for thoron. Such
measurements, carried out using a diffusion
sampler, yielded an average value of 0.027%,
compared to the ICRP value of 0.05%.
This means that MPQ for thoron, as given
by ICRP (300 pCi/1), is safer by nearly a
factor of two. A table also gives the ratios
of thoron, Th-B and Th-C. A new way of
indexing the hazards due to thoron is through
the concept of thoron working levels (TWL)
in analogy with the radon working levels.
These^alues, determined for different areas
of the plant, ranged from 0.04 TWL units
to 0.403 TWL units.

In some areas, significant concentration
of airborne thorium was also detected.
Airborne concentrations and the aerody-
namic particle size distributions were studied
in thorium nitrate drying room using a
cyclone assembly. Airborne concentration
varied from 0.1 to 2 MPC. units for thorium.
The activity median aerodynamic diameter
(AMAD) was about 5 um on the average.
Interpretation of the latter measurement is
made with respect to the MPCa for thorium.

* Work performed under International Atomic
Energy Agency Research Contract No. 1449/RB.
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Study of Decontamination and Radiation
Resistance Properties of Indian Paints

S. M. SHAH, E. GOPINATHAN and A. M.

BHAGWAT, Health Physics Division, Bhabha
Atomic Research Centre, Bombay 400 085.

During radiochemical processing, especial-
ly of spent nuclear fuels, materials of con-
struction are often subjected to intense ir-
radiation and contamination. It has proved
difficult, if not practically impossible, to

19



clean these surfaces once they have been
contaminated with a radioactive element.

As protective coatings, paints can be used
efficiently in areas handling radioactivity.
Local paint manufacturers have got facilities
to evaluate their products for the properties
of resistance against chemical corrosion,
temperature, physical abrasion etc., but are
lacking in facilities to test their products for
the properties of radiation resistance and
ease of decontamination. The purpose of the
present work was therefore to evaluate the
decontamination and radiation resistance
properties of the special generic types of
locally manufactured paints which can be
used in a nuclear facility.

Thirty-six paint samples of different generic
types were obtained directly from the manu-
facturers for testing and evaluation. For the
present studies, blocks of two generally
used substrates, concrete and mild steel,
were painted by brushing as per the procedure
recommended by the manufacturers for their
respective paints. The mixing proportions of
base and adduct, drying period, reaction
period, application of primer and number of
coats were maintained as per the recom-
mendations.

Decontamination

The blocks were contaminated with 0.1 ml
of fission product solution at the centre and
allowed to dry up. After a contact period of
seven days, decontaminations were carried
out by first using a simple water flush and
subsequently using 10% teepol solution,
3M HNO, and 5% EDTA solution in 10%
teepol. The decontamination procedure in
each step consisted cf 50 to-and-fro strokes
of plastic brush at moderate pressure in
presence of the requisite decontamination
agent.

The decontamination factors, defined as
initial activity/activity left over after decon-
tamination, were calculated for each stage
of decontamination. For most of the epoxies,
the activity left over after final decontamina-
tion stage was about 1 % or less. Many
samples had decontamination factors of
more than 1000 both for mild steel
concrete surfaces. For vinyls, decontamina-
tion factors were found to vary from 77 to
148 for mild steel surfaces and from 20 to
28 for concrete surfaces. In the case of
chlorinated rubber, two samples out of
seven studied were found to give good de-
contamination factors, both for mild steel
and concrete surfaces. In the cases of both
vinyls and alkyds, the decontamination
factors were higher for mild steel surfaces
than for concrete surfaces. It is probable that
these categories of paints might be giving
slightly porous film surfaces so that activity
in liquid form is able to penetrate into the
porous cement and thus becomes difficult
to decontaminate. Very low decontamination
factors were noticed in the case of acrylic
emulsion coating which is known to give
porous film surface. As a decontaminating
agent 3M HNO-< was found to be the most
efficient.

Radiation Resistance

Fourteen paint samples of different generic
types, painted on concrete surfaces were
evaluated for their comparative resistance
to gamma radiation. The samples were ir-
radiated in a cobalt-60, gamma irradiation
chamber at a dose-rate of 0.25 Mrad/hr.
The samples were irradiated to a cumulative
dose of 500 Mrad. The coatings were evaluat-
ed by visual observation and comparison
with control specimens. No damage of
painted films in the form of loss of adhesion,
brittleness, blister formation or peeling off
was observed. All the glossy surfaces became
dull. In certain cases intense colour changes
were observed.
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LiF vs CaSO4: Dy for Personnel Monitoring

K. G. VOHRA, U. MADHVANATH and A. R.

LAKSHMANAN, Division of Radiological Pro-
tection, Bhabha Atomic Research Centre,
Bombay 400 085.

In recent years thermoluminescent dosi-
meters have been finding increasing use for
personnel and environmental monitoring.
The use of LiF for personnel monitoring has
been more widespread because of its early
start as a commercially available product and
its tissue equivalence for absorbed dose
measurements. However, requirement of
tissue equivalent dosimeters is stressed by
many without any consideration of the
specific applications. For example, in any
in vivo measurements or environmental
monitoring where the photon energy distri-
bution cannot be fully specified, the tissue
equivalence of the dosimeter is essential.
Further, where the dimensions of the dosi-
meter are required to be small and the quality
of the radiation .cannot be determined by
differential filtration technique, such as dose
estimation at finger tips, tissue equivalence
is again called for. However, for personnel
monitoring, as is done in almost all countres,
what one needs is an energy determining
badge so that from surface dose measure-
ments one can estimate organ doses at
depths as and when required. CaSO4:Dy

- TL phosphor has several excellent features
which suit the requirements for personnel x,
beta and gamma monitoring. A brief review
of the characteristics of the two phosphors,
LiF and C&SO4:Dy, is given below.

LiF has a complicated glow curve structure
consisting of several minor peaks and a single
major peak. The response of LiF changes
considerably even for standard annealing
treatments, depending very much on the
rate of cooling. Changes in sensitivity from
sample to sample necessitate individual
calibration or 'selection' of the elements
before they are put to use In contrast,
CaSO4:Dy has a simple, single glow curve
and does not undergo significant change in
sensitivity when annealed at different rates.
Its gamma ray sensitivity is 40 times that of
LiF and one can detect gamma exposures of
a few mR.

Fading of the latent image is a major
characteristic which will go a long way in
reducing monitoring costs. For a low risk
group, monitoring periods can be as long
as a year, half year or three months if only
fading is negligible. Fading at room tempera-
ture (28 °C, 76% R.H.) and even in extreme
climatic conditions (37 °C, 90% R.H.) was
found to be less than 7% for CaSO4:Dy in a
post-irradiation period of 3 months whereas
LiF showed 16% fading in two months.
Commercially available LiF is very costly
compared to CaSO4:Dy which can be pre-
pared by any laboratory. Because of the lower
thermal neutron sensitivity of CaSO4:Dy,
it can be used for gamma measurements
in mixed fields.

Major attempt in using CaSO4:Dy for
personnel monitoring has gone to solve the
problem of energy dependence. This problem
is indeed not as much as it is made out to be
by the experimentalists who obtain photon
energy response curves, perhaps with a
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resolution of 5 keV and say that the dosi-
meter is 15 or 20 times more sensitive at low
photon energies. Some have gone to the
extent of calculating absorption coefficient
ratios of the dosimeter material to tissue
to convey the energy dependence problem.
All these curves are of theoretical interest
and of no use in practice. Only three energy
regions are of interest in reality, namely,
the diagnostic radiology region of 80—100
kV, the deep x-ray therapy region of 200—
250 kV with appropriate standard filtration
and the gammas with photon energies
hundreds of keVs and above. The third
region does not pose any problem. The
sensitivity variations within either the dia-
gnostic x-ray or therapy region are small
and what are required in a monitoring badge
are filters to determine whether the x-ray
exposure is in the diagnostic region or deep
therapy x-ray region. Even within these
regions, one can have three or four calibra-
tion curves for identifying the effective
energy of the test exposure and read off the
open window values with appropriate cali-
bration curves. Thus in both t r . x-ray regions
dose estimates can be made within ±10%
of the correct value. Further, for most
developing countries which want to design
their own readers, measurement of TL
from LiF, especially low exposures (below
50 mR) poses a formidable problem. Even
from this angle, we find considerable ad-
vantage in using CaSO4:Dy. We strongly
recommend this phosphor for personnel
monitoring.
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A Simple Personnel Monitoring TLD Badge
Reader for Routine Use

A. SANKARAN, A. SEETHAPATHY, S. KANNAN

and P. GANGADHARAN, Division' of Radio-
logical Protection, Bhabha Atomic Research
Centre, Bombay 400 085.

TLD readers are required for processing
thermoluminescent dosimeter badges for
evaluating personnel radiation exposures.
Though such readers are commercially avail-
able, they are generally expensive. A simple,
inexpensive and rugged reader, developed
for use with TLD badges designed and
fabricated in our Division, is described in
this paper. The reader consists of the follow-
ing parts: (i) measuring head consisting of
heater, sliding drawer and the PM tube
housing, (ii) a current-to-frequency converter,
(iii) count-rate meter providing glow curve
output and output for meter display, (iv)
6-digit nixie display system to cover a wide
range of doses, (v) EHT and low voltage
power supply, and (vi) control circuits.

The sliding drawer carries a movable frame
on which the TLD badge card containing
three CaSO4:Dy phosphor-teflon discs(13.5
mm dia x 0.8 mm thick) can be mounted.
The frame can be moved inside the
drawer with the help of a knob such that
any one of the three discs can be brought
successively under the PM tube and the
disc number is indicated on the panel. The
heater can be subsequently pressed against
the TL disc by operating a front control
which, in turn, locks the drawer and connects
the heating supply to the heater. A chrome-
alumel thermo-couple fixed to the bottom
of the heater monitors the heater temperature
which is indicated on a panel meter. The TL
output from the disc is detected by a low
noise 9-stage magnetically shielded PM
tube provided with a filter to reduce the
contribution from incandescence of the
disc-card. The PM tube output is fed to a
solid state current-to-frequency converter
(ADC) whose output pulses have frequencies
in the range of about 1 Hz to 100 KHz for
input currents in the range of 1 nA to 100 uA.
The ADC output is fed to a 6-digit nixie
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display which facilitates measurement of
doses over a wide range (1 mR-100 R), i.e.
routine and emergency exposures encountered
in personnel monitoring. A background
suppression control is provided to back-off
the counts due to disc noise etc. The output
of ADC is also fed to count-rate meters to
provide glow curve output and for indication
on another panel meter which also displays
the EHT. A well regulated solid state EHT
(regulation and long term stability better
than ± 0.03%) is provided with two coarse
settings for dose measurement in the 'mR'
and 'R' range as indicated on the panel.
For direct dose read-out, a fine control
variation of EHT is also provided. A stable
precision timer provides varying timing in-
tervals in the range 50-200 seconds in addi-
tion to indefinite time interval through
manual control. In order to check the
consistency of calibration from time to time,
a stable check light source using LED is
built in the reader which gives a long term
stability of better than ± 1 %.

All the infrequently used controls on the
reader are mounted behind a slip-down front
panel door. A single START button initiates
the heating and reading cycles and tje
progress of the cycle is indicated on the panel.
The reader is designed to process about 15
badges/hour. The overall reproducibility of
the heating cycle and sensitivity of the reader
have been found to be better than + 5 %.
To ensure reliable and trouble-free operation,
integrated circuits are used as far as possible.
The instrument has been designed for ease of
servicing and maintenance.
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Measurement of Extremely Small Doses

K. B. S. MURTHY, C. M. SUNTA and D. T.

KHATRI, Health Physics Division, Bhabha
Atomic Research Centre, Bombay 400 085.

A counter to measure thermally stimulated
exo-eleciron emission (TSEE) has been
developed by us. This paper reports the
results on three samples of BeO ceramic
discs. While the characteristics of the samples
are the same, the sensitivity seems to depend
on the treatment (poracity, heating and
hydration etc.). A minimum integrated dose
of about 40 uR can be measured with sensi-
tised BeO discs using the present system.

The counter is of flow type. Argon gas
passing through ice-cooled isopropyl alcohol
flows through the counter at a pressure
slightly above atmospheric. The samples are
heated on a nichrome coiled coil heater,
covered by a mica disc and fitted in a soap-
stone base. The samples can be taken as
close to the anode wire as desired, by rotating
a disc fitted outside. When the disc is rotated
in the anti-clockwise direction, the heater
goes up towards the anode wire. Thus the
sample can be counted at an optimum solid
angle. Also the high field close to the anode
wire increases the detection efficiency con-
siderably. When the samples are raised by
3 cm, the counting efficiency is enhanced
four times due to this. Three samples of
BeO in the form of 0.5" dia. discs are used
in this work. Two of these were obtained
from the Ceramic Section of BARC and one
was received from ORNL for inter-compari-
son.

With the disc from ORNL the integrated
counts for 100 uR exposure are 6 x 103

which are 2.6 times the background counts
during a blank run. Assuming that the in-
tegrated counts equal to background run
correspond to minimum measurable expe-
sure, it may be concluded that using these
discs, one can measure an exposure of
40 uR. By taking a disc of one inch dia.
(heater pan size), the limit could be extended
to 10 uR. Twelve BeO ceramic discs were
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obtained from ORNL. They were given a
gamma exposure of 20 mR each with a
aoCo source and the TSEE peak as well as
the integrated counts were recorded, when
the samples were heated at a linear heating
rate of 25 °C per minute. The sensitivity
from disc to disc varied from 1.09 x 106 to
1.67 x 10s counts. Each disc was read three
times and the standard deviation varied
from 8 to 23%.

Exposures of the order of uRcan be detect-
ed by the TSEE system using ceramic BeO
discs. The peak is at 270°C which is a suffi-
ciently high temperature so that the fading
will be less. Experiments are in progress to
study the linearity, stability and other pro-
perties for use in dosimetry application.
This system can be used in low level dosi-
metry applications like environmental sur-
veys. Day-to-day or even hour-to-hour
variations of the exposure at places of in-
terest in the environment (e.g. areas over
which MA passes) could be studied.
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Reproducibility of the FBX Dosimeter

B. L. GUPTA, R. M. BHAT and U. R. Kini
Division of Radiological Protection, Ithabha
Atomic Research Centre, Bombay 400 085.

Measurements of low levels of radiation
doses are required in radiation therapy,
calibration of radiation sources, cL *mical and
biological research. The FBX dosimeter
containing 0.20 mM ferrous ammonium
sulphate, 5.0 mM benzoic acid and 0.20 mM
xylenol orange in 0.05 N sulphuric acid,
which has been recently developed, can mea-
sure doses from 0.1 to 3,000 rad.1 It is not
very suceptible to variation in its composi-
tion. The dosimetric solutions can be stored
for about two weeks before irradiation and
up to three days after irradiation without

any significant error in dose estimation.
The molar absorption coefficient of the
ferric-xylenol orange complex is indepen-
dent of the temperature and the response of
the dosimeter is independent of the photon
energy above 30 keV. The LET depsndence
of the FBX dosimeter is similar to that of
the Fricke dosimeter. Irradiations can be
done in plastic tubes. The FBX dosimeter is
essentially water and therefore very nearly
tissue equivalent.

We used the FBX dosimeter to measure
the radiation dose at three different SSD<;
on the central axis of a teletherapy gamma
machine with different field sizes. The dosi-
inettic solutions were irradiated in polythene
tubes of 2.0 cm diameter and 3.0 cm length.
Other techniques were similar to those
described earlier.2 Measurements were also
made with an ionisation chamber. The stem
leakage correction for the ionisation chamber
was very small. The variation of the dose-
rate with field size at each SSD, as measured
by both the dosimeters, was comparable.

We have been demonstrating the use of the
FBX dosimeter for several years to the
trainees of the one year post-graduate
course in Hospital and Radiological Physics
at the Division of Radiological Protection.
The trainees were divided into different
groups. All the groups did their work in-
dependently.

Table 1 shows the dose-rate obtained by
each group and also the mean dose-rate.

TABLE 1

DOSE-RATE AS MEASURED BY DIFFERENT GROUPS

Croup

1
2
3
4
5

Dose-rale
(radjmiri)

93.0 (2.6%)
93.0 (3.4%)
95.0 (2.1%)
85.0 (4.3%)
95.0 (1.8%)

Mean Dose-rate
{radjmin)

92.0 (3.2%)
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The figures in the brackets are the relative
mean deviations. These results show that
the values obtained by the trainees were
fairly reproducible. The individual variation
ranged from 1.5 to 4.5% while overall
variation in dose-rate estimation was found
to be ^vithin 3.2%. The large variation in
the over-all dose-rate is due to group 4 which
measured low dose-rates and showed poor
experimental performance. This shows that
the FBX dosimeter can be used with a fairly
good precision even by those who are not
specialised in chemical dosimetry. With
some experience probably far better results
can be obtained.

Med.
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A Compact Radiation Field Indicator with
Alarm

V. H. RISBUD, H. O. MITTAL and P. GANGA-

DHARAN, Division of Radiological Protection,
Bhabha Atomic Research Centre, Bom-
bay 400 085.

Radiation levels in controlled and un-
controlled areas have to be maintained well
below permissible levels which may vary
from 0.25 mR/hr to 2.5 mR/hr. These
levels can be higher, depending on the oc-
cupancy and workload. To ensure that the
levels are within permissible levels, it is
necessary to monitor the radiation field
continously and to caution the people in the
work areas in case the levels exceed the safe
limits. A compact radiation monitor for
indicating the radiation field in work areas
and for cautioning the people through an

audible alarm in case the radiation level
exceeds the preset value, is described here.

The instrument consists of a halogen
quenched GM counter operating at about
500 V. The high voltage required for the
counter is derived from a DC-DC converter
power supply and is electronically regulated.
The pulses from GM counter are amplified,
inverted and scaled down before feeding to a
rate meter. The output of the rate meter is
displayed on a panel meter graduated to
read exposure-rate in mR/hr directly. The
output of the meter is also fed to an alarm
circuit through a discriminator. The alarm
circuit has audio indication through speaker
and visual indication through glowing red
lamp. The triggering level of the discrimina-
tor for the alarm circuit can be adjusted to
any desired value between 1 mR/hr and
maximum of the range. The audible alarm
can be switched off, if not required. The
instrument can indicate exposure-rates upto
50 mR/hr and the paralysing field is about
2 R/hr. By using special GM counters having
small size and fast recovery system, the
range can be extended upto several R/hr.
The unit operates either on mains supply
(230 V, 50 Hz A.C.) or on 6 V battery supply
made of readily available flashlight cells.
If connected to mains, the unit operates on
mains and the battery supply is automatically
cut off. In case of mains supply failure, the
switch-over from mains to battery is also
automatic. To take care of variation in bat-
tery voltage with use, a low voltage regulator
is incorporated in the unit to give a constant
output of 4.5 V.

This compact and portable instrument can
be used for continous measurement of x and
gamma-ray exposure-rates in work areas
such as industrial radiography departments,
radium/cobalt source storage and preparation
rooms, x-ray therapy and telecobalt installa-
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tions. The unit can be fixed in a conspicuous
place in work areas where radiation levels
have to be monitored and controlled to
ensure safety of personnel. It provides warn-
ing by glowing red lamp and/or audible
alarm when the radiation level exceeds the
preset value. Source position indication
through electrical and mechanical contacts
is not reliable and the most reliable and
fool-proof indication of the source position
or on/off condition of the equipment is by
radiation monitoring. The instrument describ-
ed in this paper can very well serve this
purpose. Depending on the requirement, the
probe can be fixed in the indicating unit or
it can be separated through a long cable so
that the probe alone is in a high radiation
area such as treatment room or radiography
room and the indicating unit is in a low
radiation level area such as conrol room.
Where exact indication of radiation level
is not required and where only an indication
through alarm (visual and aural) is adequate
when the radiation level exceeds the presel
level (Go-No-Go type instrument), the unit
can be simplified by eliminating the panel
meter.
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Use of Ge(Li) Spectrometer for Energy and
Output Determination of Various Uncalibrated
Sources and X-ray Beams

R. G. KHADAKE, R. R. VISHWAKARMA and

P. GANGADHARAN, Division of Radiological

Protection, Bhabha Atomic Research Centre,
Bombay 400 085.

A Ge(Li) detector of 11 cc volume has
been calibrated for energy and its photopeak
efficiency in the energy range 80 keV to 1.33
MeV using a single ieoTb source (72.1
days half-life). The 1MTb source was stand-
ardised by 47TJ3T coincidence technique.

The spectrum was recorded using a 400
channel analyser in combination with a
charge sensitive preamplifier. Out of twenty
gamma-ray energies, twelve have been suc-
cessfully employed to calibrate the spectro-
meter for its energy and photopeak effi-
ciency (Table 1). Photopeak areas corres-
ponding to these energies have been evaluat-
ed by "total peak area method" using the
formula:

-^ ai) (r
Area = S tti

where r and / are the right and left limits of
the photopeak and a- and a/ are the counts
corresponding to these limits respectively.
The overall accuracy of calibration is better
than ± 6 % .

TABLE 1

PHOTOPEAK EFFICIENCIES OF 11 CC GE(LI) DETECTOR

FOR VARIOUS GAMMA-RAY ENERGIES OF « ° T B SOURCE

Photon energy
{keV)

86.8
197.0
215.6
298.5
392.4
879.3
962.5* \
966.3 /

1178.1
1200 0
1272.0
1312.0

Intensity
0/
/o

12.0
5.6
4.2

30.0
1.4

31.0
9 0

22.0
15.0
2.7
7.0
2.2

Photopeak
efficiency

.302

.061

.056

.03
.19
.0042
.0039

.0026

.0025
.0022
.0021

* Both the energies are merged in one.

Using this calibration data, the energies
and intensities of uncalibrated sources were
determined in order to use them as calibra-
tion standard.
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The spectrometer was also used to record
the various x-ray spectra obtained from
"Siemens Stabilipan" deep therapy x-ray
machine. The average energy for each x-ray
spectrum was evaluated- Using the photopeak
efficiency data, and measuring the exposures
with a Victoreen R-meter, the photon-flux
per roentgen was evaluated for various
energies. These values are in good agreement
with the reported ones.

The outputs of the calibrated sources as
well as those of x-ray beams were sucessfully
used to study the energy response of a Philips
miniature G.M. counter, 18529, with dif-
ferent filters and their combinations, in the
energy range 50 to 1330 keV. A helical filter
consisting of a wire of 1.82 mm diameter
made out of an alloy containing 60% tin
and 40% lead, was found to give energy
iniependent response within ±10% in the
energy range 50 keV-1330 keV (Table 2).
It is therefore suggested that a surveymeter
with a G.M. counter as a detector in combina-
tion with this filter mounted on a perspex
tubing of 1 mm thickness serves to measure
x-and gamma-ray exposure-rates with an
accuracy better than ±10%.

TABLE 2

ENERGY RESPONSE OF PHILIPS G. M. COUNTER,
1 8 5 2 9 , WITH AND WITHOUT HELICAL FILTER

Photon energy
{keV)

31
50
60

100
140
400
660

1250

Response
(Counts/ Roentgen x 10»)

Bare

5.80
17.0
18.0
9 0
5.0
1.52
1.28
1.61

With helical
filter

1.20
.25
.40
.50
.45

1.25
[.15
[.55
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Spark Counter Technique for the Automatic
Counting of Alpha Particle Tracks in Thin
Films of Cellulose Nitrate

A. M. BHAGWAT and S. D. SOMAN, Health
Physics Division, Bhabha Atomic Research
Centre, Bombay 400 085.

With the satisfactory completion of the
standardisation of a spark counter for the
automatic counting of fission fragment
tracks in thin, polycarbonate (12 um thick
Markrofol) film, it was felt desirable to
extend the* technique to the counting of
alpha-particle tracks in similar films. But
before success could be achieved, there were
some difficulties, mentioned below, to be
overcome:

(1) For the registration of tracks of
alpha particles, which are very much
lighter tha-i fission fragments, cellu-
lose nitrate (CN) film? have been
found to be most suitable. For use
with spark counter, CN films in the
thickness range of 15-25 um are
required. As such films are not avail-
able commercially, they were prepared
in our laboratory using Benton's
formulation. The films thus obtained
showed a maximum thi-kness varia-
tion of about 20% in any given circle
of 28 mm diameter—the size required
for our spark counter.

(2) Such thin films of CN were found to
be quite delicate and could not be
handled easily, especially during the
chemical etching process. They had
to be, therefore, mounted on support
rings. Polypropylene rings were used
for this purpose. The film circles
were cemented to the rings by Aral-
dite. The films thus mounted could
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be easily handled in ail the stages of
the experiment. Such mounting of
films on rings, before use, has been
reported by other workers.

Alpha sources used: The following sources
were used in our experiments: (i) a 10 mm
diameter electro-deposited 23BPu source with
two layers of aluminised Mylar as absorber
The energy of the emerging alpha particles
was found to be about 2.85 MeV; (ii) a thick
pellet of natural uranium of 18 mm diameter.
All the exposures were carried out in 2TT
geometry.

Etching procedure: It consisted of two
steps: (i) Chemical etching in 6 N NaOH
with and without 0.2 volume percent wetting
agent at room temperature (24 °C) and(ii)
spark etching up to 800 volts to enlarge the
holes produced by chemical etching. It was
observed that the presence of wetting agent
resulted in shorter etching time. Thus the
time required for chemical etching was
reduced from 6 hours (without wetting agent)
to 4 hours (with wetting agent). The duration
of chemical etching is also governed by the
energy of alpha particles.

Problem of background holes: In our initial
experiments, it was observed that the con-
trol films gave background spark holes to
the extent of 80-110/cm2. But with reduced
etching time (in presence of wetting agent)
it was possible to bring them down to less
than 20/cm2. These holes must be resulting
from imperfections in the film. It is expected
that they can be reduced further by taking
extra care during film preparation. This
problem of background holes has been
reported by other workers also.

Counter plateau: The voltage range in
which the counter plateau lies depends
upon the thickness of the film and was found

to extend from 540 V to 600 V for th?
of thickness 8-12 um (after etching).

Size of holes on aluminium replica: The
diameters of a few random holes in alumi-
nium replicas of spark counted films were
measured and found to lie in the range
150-200 um. These hole sizes were compar-
able to those obtained in the counting of
fission fragment track holes. It can, therefore,
be safely predicted, on the basis of our
experimental data for the counting of fission
fragment tracks, that this counter can bs
used to count alpha track hole densities upto
1000/cm2 when the counting losses would
become of the order of 10%.

Applications: This technique should ibe
found useful ir (1) measurement of low
levels of alpha activity on any given sur-
face, (2) alpha autoradiography, (3) studies
employing (n, alpha) reactions and (4) mea-
surement of alpha-activitity in air etc.
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Some Considerations of Optimum Detector
Positioning in a Multicrystal Static Bed
Geometry Whole-Body Counter

A. NAGARATNAM, S. C. MEHTA, G. C. BHOLA,

G. S. V. BABU RAO, B. S. RAWAT, K. K.

KAPOOR and M. M. GUPTA, Institute of

Nuclear Medicine and Allied Sciences,
Probyn Road, Delhi 110 007.

Criteria for a whole-body counter are
high sensitivity and uniformity of detector
response with respect to source position. In
the case of a static bed multicrystal setup,
it is usual to consider the two parameters:
(i) the average response R as a point source
is moved over a length of about 180 cm
(height of adult) and (ii) the non-uniformity

Rmax —Rmin
factor F a = , where Rmax

R
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and Rmin are the maximum and minimum
responses when the activity is concentrated
at a point within the length of the source.
The intervening medium is taken as air.
The objective is to maximise R consistent
with a specified degree of non-uniformity of
response (say Fa less than 20%).

Two modifications have been introduced
in the present study: (i) In place of R for the
average sensitivity, a weighted average sensi-
tivity, RW is adopted for the following reason:
Whether it be clinical applications (e.g.
body potassium estimation, iron and vitamin-
s ' retention) or monitoring for internal
contamination, the majority of radionu-
clides of concern have either a more or less
uniform whole body distribution or are
concentrated in organs located in the thorax
and abdomen regions (with the notab'
exception of radioiodine). For a whole body
distribution, the major portion of the body

mass is again located in the thorax-abdomen
area. If each segment of the line source is
then weighted by a factor proportional to the
mass of the body in that segment, such a
weighted average RW is likely to be a better
indicator than R. (ii) The line source is con-
sidered to be sandwiched inside a tissue-
equivalent medium of thickness 10 cm.
Attenuation of the radiations in the medium
as they pass from the point source to the
detector is taken into account and computa-
tions are made for a range of gamma-ray
energies of interest.

The variations in the results obtained as a
result of the introduction of the two modi-
fications as compared to the simpler model
are computed theoretically. Experimental
results for line sources, as well as com-
partmentalised phantoms for adult, adole-
scent and child are also presented for a
4-crystal system.
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Evaluation of Inhalation Risk Due to Breath-
ing of Air Containing Radon and Its Decay
Products

M. C. SUBBARAMU, Division of Radiological
Protection, Bhabha Atomic Research Centre,
Bombay 400 085.

Occurrence of Lung Cancer

The evaluation of inhalation risk due to
breathing of air containing radon and its
decay products became significant since the
occurrence of lung cancer in the Schneeberg
and Jachymov miners who were exposed to
breathe mine air containing 3 x 106 pCi/m3

of radon in it. Most of the radiation dose to

the lung stems from the decay products of
radon. Unlike radon which is an inert gas,
the decay products can deposit on the walls
of the lung since they are metal ions. Most of
these ions are attached to aerosols present
in air.

It has been shown that radon decay pro-
ducts are also responsible for causing lung
cancer in cigarette smokers. Polonium-210
a long-lived oc emitter amongst the radon
decay products, gets concentrated in tobacco
leaves. There are tiny hairs called trichomes
on the surfaces of the tobacco leaves. These
trichomes exude sticky organic compounds
which facilitate the collection of small air-
borne particles (less than 0.2 um dia.) that
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carry most of the radon decay products
in the atmosphere. Thus the tobacco leaves
become a source of radioactive aerosols
when burnt in the form of cigarettes.

Criterion for Fixing MPC

The most important criterion for the assess-
ment of the inhalation dose is the nature of
unattached radon decay products and the
condensation nuclei and large particles to
which these decay products have attached,
because these fractions determine the rates
of deposition and retention in the lung.
ICRP has determined the present MPC
value for radon using a formula in which the
unattached fraction of the decay products
(mostly radium-A) is taken into considera-
tion. The concept is based on the experiments
which have shown that the major portion of
the radiation dose to the trachea and the
large bronchi where uranium miners devel-
oped cancer, is attributable to the fraction of
radium-A unattached to aerosols in the
inhaled air. Measurement of the unattached
fraction can be made using special diffusion
samplers. Calibration of these samplers has
been quite problematic since it is rather
difficult to create an aerosol-free atmosphere
containing radon decay products. A diffusion
sampler of the type AML-1 developed in
BARC has been found to have a collection
efficiency of about 95% at a flow rate of 1
1/min for radon decay products in an aerosol-
free atmosphere. Studies using the diffusion
sampler show that the unattached fraction
of the decay products varies inversely as the
concentration of the particles present in air.

Experiments using 0.5 um dia. particles
(unit density spheres) of di-2-ethyl hexyl
sebacate have shown that the unattached
fraction can be reduced to as low as 0.5%.
This would correspond to a reduction of the
30

effective dose by a factor of about 17. How-
ever, calculations based on the assumption
that about 20% of the particles are deposited
in alveoli and retained for an infinitely long
period, show that the dose is reduced by a
factor of 8 only. This shows that, in addition
to measuring the unattached fraction, it is
necessary to find out the distribution of the
activity attached to aerosols of different
sizes, for a realistic evaluation of the in-
halation risk.

Calculation of Dose to the Lung from MPC

The above discrepancy in the calculation
of the dose arises from the fact that the
determination of the present MPC for radon
is based on experiments which considered
only the decay products which have maximum
deposition rates in the trachea and the main
bronchi. The calculation of the dose did not
include the decay products attached to
aerosols that deposited in regions beyond
the main bronchi. Calculation of the radia-
tion dose to the lung due to breathing of air
containing 3 x 103 pCi/m3 of radon (MPC
value) in equilibrium with its decay products
has been made using Weibel dichotomous
model of the lung. The fractions of decay
products attached to aerosols of different
sizes as found in a typical industrial atmos-
phere are obtained by using a formula
which gives the appropriate attachment
coefficients. The clearance of the deposited
activity depends on the velocity of the mucous
which decreases from trachea to segmental
bronchi. The activity deposited in regions
beyond the segmental bronchi are assumed
to decay completely in the lung. With the
above model, the radiation dose to the lung
works out to be about 10 times the maximum
permissible dose of 15 rems per year for an
individual organ.



Thus the present studies show that the
MPC for radon should be revised downwards.
It must be mentioned here that the present
MPC is based on epidemiological evidence
whereas appropriate inhalation experiments
on animals are lacking in support of the
calculations. Nevertheless, it is important
tr- know that the present calculations are
based on experimental findings, many of
which were not available at the time of fixing
the MPC value. The analysis carried out in
this paper becomes significant when we
realise that the higher the radiation dose, the
greater are the risks.
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Measurement of AMAD and MMAD of
Airborne Participates in the Uranium Mining
and Milling Industry

GIRIDHAR JHA, A. H. KHAN, M. RAGHAVAYYA

and P. KOTRAPPA, Health Physics Division,
Bhabha Atomic Research Centre, Bom-
bay 400 085.

One of the significant hazards encountered
during the mining and milling of uranium
ore is due to inhalation of particulate con-
taminants generated and becoming airborne
during the different processes involved. The
hazard is mainly due to the radioactivity
associated with the dust particles and due to
the free silica component of the ore. The
ICRP task group on lung dynamics has
stated that the deposition of any inhaled
aerosol in the different regions of the lungs
can be predicted fairly accurately if the
AMAD (Activity Median Aerodynamic
Diameter) or the MMAD (Mass Median
Aerodynamic Diameter) of the aerosol is
known. Before hazard evaluation is under-
taken, this parameter must, therefore, be
determined.

Several instruments are available for the
measurement of AMAD and MMAD. Of
these the two-stage HASL cyclone dust
sampler ha? been demonstrated by Kotrappa
et al to be an acceptable device for the pur-
pose. The instrument consists of two stages,
as the name signifies. The first stage is a
cyclone operated at a given critical flow-rate
and the second stage is a glass fibre filter
paper. A second filter is used for collecting
simultaneously the gross airborne parti-
culates to serve as a reference.

The above two-stage sampler was used at
Jaduguda uranium mine and mill for the
measurement of AMAD/MMAD. The samp-
ler was operated at a critical flow-rate of
9 1/min. The flow through the reference
filter also was maintained at the same rate.
The activities (alpha) and masses of the
deposits on the two filters were determined.
The ratios of the activity and mass on the
second stage filter to those on the ref ;rence
filter correspond to the fractional penetra-
tion into the pulmonary region of the lungs.
The AMAD and MMAD are calculated
as a function 01 this fractional penetration
and the pulmonary deposition is calculated
by referring to a standard curve provided by
the ICRP task group.

It was observed that the AMAD/MMAD
values during processes involved in mining
and milling of uranium ore, range from about
5 urn to 8 urn. Also, in general a good cor-
relation was obtained for the concentration
of airborne free silica in the ore expressed
in TLV units for the respirable dust and
particle counts using the midget impinger.
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Assessment of Tritium Exposures of Workers
in a Nuclear Power Station
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B. M. L. SAH and B. RAMAMIRTHAM, Health
Physics Division, Bhabha Atomic Research
Centre, Bombay 400 085.

Tritium is an important activation product
in the heavy water type of reactors. In the
Rajasthan Atomic Power Station (RAPS),
which contains heavy water both as modera-
tor and as heat transport medium, the internal
exposures of personnel due io tritium uptakes
constitute a significant contribution towards
the total station dose. The tritium uptakes
in the operating plant will increase with the
time of reactor operation as the specific
activity of tritium in the system increases
with increasing neutron irradiation of heavy
water. There are some chronic sources of
escapes of heavy water from the systems. In
addition, heavy water can come out when
the system piping, valves, instrument connec-
tions etc., are malfunctioning or are opened
for maintenance. Personnel engaged either
directly in these jobs or working in the nearby
environment are exposed to heavy water
vapour or come in direct contact with heavy
water. The uptake of tritium by personnel
is thus either through inhalation of tritiated
DoO or through absorption from the wet skin.

Tritium, being an extremely weak beta
emitter, poses only an internal radiation
hazard. For application in the case of Indian
workers, appropriate values of factors such
as body weight, critical organ weight, breath-
ing rates, daily water intake, biological half-
life as obtained under Indian conditions, need
to be used in order to obtain the values of
maximum permissible levels of body burden
and concentrations in air and water.

The assessment of the radiation dose
received by a person due to tritium uptakes
involves the determination of the concentra-
tion of tritium in the body water. Urine is
the most convenient body fluid that is used

for this analysis. For the daily analysis of a
large number of samples for tritium, the best
method is liquid scintillation counting. In
our laboratory a dioxane based scintillation
cocktail (PPO + POPOP H- Naphthalene)
is used for counting aqueous samples. Urine
samples show considerable variation of
quenching. We have observed a reduction
in counting efficiency in the range of 70% —
20% with respect to the counting efficiency
obtained in unquenched samples. In view
of the large number of samples handled there
is need for a rapid method of determination
of the quench correction factor. Two methods
are used for this purpose: (a) external
standardisation method, and (b) channel
ratio method. The instrument used in our
laboratory has been set to determine the
quench correction by either of the above
methods with an error of less than 10%.

The patterns of elimination of tritium in
individuals were studied. Data on biological
half-life for tritium were collected during
the different seasons of the year. These data
coupled with the observations reported
elsewhere point to the necessity of using a
lower biological half-life of 6-7 days as
compared with that of 10 days suggested
by ICRP. The case of an extremely high
uptake, which has been followed for over
4 months, shows that the contribution of
tissue bound component of tritium (TBT)
is extremely low (less than 1 %) as compared
to tissue free water tritium (TFWT), thus
indicating that the contribution of longer
lived components in the calculation of dose
commitment due to tritium exposures may
be neglected.

The nature of jobs at the nuclear station
necessitates frequent exposures to tritium.
These exposures may be of the following
two types: (a) chronic exposures arising
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from »vork in areas containing continuous
levels of tritium-in-air contamination; and
(b) acute exposures arising from jobs of
unscheduled nature resulting in tritium up-
takes. Keeping in view the significance of
tritium exposures, the large number of per-
so.inel working in active areas and the rela-
tively short biological half-life, a realistic
routine sampling frequency has been arrived
at. In cases of known acute exposures, how-
ever, samples are also collected to assess
the uptake resulting from the particular
exposure. In cases of high exposures, the
biological half-lives are determined for the
individuals to assign more accurate values
of dose commitment.

For calculating the dose received due to
tritium uptakes over a particular period, the
tritium-in-urine concentrations in the samples
collected during the period are noted. The
total whole body internal dose will be the
cumulative doses calculated from individual
samples collected during the period. For
single acute exposures, the total dose commit-
ment is calculated by using, whenever possible,
the value of biological half-life applicable
for the individual. The dose received due to
tritium uptakes is added to the external
whole body dose for the particular period and
this total figure is used for exposure control
purposes.

At RAPS, a programme of routine bioassay
of the personnel was started soon after
heavy water was filled in the reactor systems
for the initial commissioning. While all the
reported cases of suspected acute exposures
to tritiated heavy water/heavy water vapour
were analysed immediately, it required con-
tinuous persuasion to get the workers into
the habit of submitting routine samples.

The bioassay data collected so far indicate
an increasing trend in internal whole body

doses received by the station personnel.
The dose commitments for some categories
of workers who are called upon to perform
frequent operations in heavy water systems
reached the following typical figures:

Year

1973

1974 . .

3 H dose
{mrem)

380

764

Fraction of
Total

WB dose

0.16

0.26

1975 1200 0.24

These trends underscore the necessity oi
improving protection against tritium uptakes
For reducing the exposures of workers,
efforts are needed in the following directions:
(1) reduction of escapes of heavy water from
the systems; (2) rapid removal of the escaped
heavy water from the working environment,
and (3) improvement in the use and the per-
formance of the protective equipment for the
workers.
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Monitoring of Liquid Radioactive Waste
Effluent at Tarapur Atomic Power Station

T. B. NANDWANI and N. B. JOSHI, Tarapur
Atomic Power Station.P.O. T.A.P.P. (401504).

Enormous amount of potentially hazard-
ous radioactivity is generated in large water
cooled power reactors. At TAPS, a Boiling
Water Reactor System, design features en-
sure containment of this radioactivity but
system leaks on floors and regeneration of
condensate and radwaste demineralisers
create significant amount of radioactive
liquid waste which needs disposal after
neutralisation, filtration and decay. Liquid
waste discharges to environment are subject
to stringent regulations and as such radioacti-
vity must be measured (prior to discharge)
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and records maintained. Speed of analysis
without compromising on accuracy is of
prime importance in a control laboratory.
This paper presents the p-jcedural techniques
used at TAPS to achieve these objectives.

At TAPS, the concentrations of individual
radionuclides in the discharge to Arabian
sea are not permitted to exceed the Maximum
Permissible Concentration (MPC) limits for
drinking water (ICRP or USAEC regulation
10CFR20; TAPS follows 10CFR20 limits
which are more stringent) at site boundary.
For unidentified' mixtures of radionuclides
the gross concentration is not permitted to
exceed 1 x 10-7 uCi/ml averaged over a calen-
der year and 1 x 10-6 uCi/ml for any single
day. Liquid waste discharges at TAPS are
controlled on batch basis.

Method of Analysis

Most of the radionuclides present in TAPS
liquid waste are beta samma emitters and
pure gamma or weak beta emitters like 51Cr,
MCo, HMn, although small amounts of
pure beta emitters like 3SP, 80Sr, are present
in some of the liquid wastes. Gross radioacti-
vity estimation by gamma counting method
is therefore considered more appropriate
(as compared to gross beta counting method)
and at the same time it is much faster and
easier. In addition it reduces errors due to
loss by volatilisation (which may occur at
the time of sample preparation for beta
counting), self-absorption, back-scatter etc.

Estimation of activity levels of the indi-
vidual radionuclides present in the liquid
waste batch is carried out by gamma-ray
spectrometry using peak height analysis
method (3" x 3" NaI(Tl) detector coupled
to a 512-channel analyser and X-Y plotter).
Any difference between the activity identified
by gamma-ray spectrometry and gross gamma

activity (determined by counting 2.0 ml
sample in a plastic vial inside "well-type"
1 \" x 2" NaI(Tl) detector connected to a single
channel pulse height analyser biased at 30
KeV to cut off instrument noise) is taken as
"unidentified" portion. Activity levels of
identified individual radionuclides are nor-
malised with respect to their MPCs to
"unidentified" equivalent so as to facilitate
keeping of a cumulative record of activity
discharged during a year.

Gamma counting efficiency being a function
of energy and gamma photon yield, gross
counting efficiency for a liquid waste batch
which is a mixture of different radionuclides
cannot be chosen arbitrarily with respect to
any single known standard. For this purpose
a gamma activity balance is carried out (sum
of the "well-counts" of radiochemically
separated fractions of individual radio-
nuclides should add up to more than 90%
of the gross "well-counts" of the sample).
The gross counting efficiency is calculated
fromt he sum of the concentrations (uCi/ml)
of the individual radionuclides and gross
"well-counts" of the' sample. The gross
counting efficiency is determined periodically
or as and when a significant change in radio-
chemical composition of the waste is ob-
served.

Although the relative proportions may vary
(depending on operating conditions), 80%—
90% of the activity in TAPS waste is mainly
due to " I , "SI , I3'Cs, l"Cs, and the
balance is due to 80Co 110Ba +1MLa and
"Mo + MmTc.

In the presence of insoluble nuclides
(normally absent) like m Ce, "4Ce, MZr,
1MRu, 1MRu, lwBa + "°La, "Co, etc.,
proper identification is achieved by Fe-
scavenging of the sample and taking spectra
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of filtrate and Fe (OH)3 precipitate fractions
separately.

Once standardised, the complete radioacti-
vity analysis of a waste batch can be com-
pleted witi in half-an hour, using the method
described here, whereas radioactivity analysis
by radiochemical separations requires about

• eighty man-hours.

TAPS has plans to go in for a Ge(Li)
detector, which has better energy resolution
(as compared to NaI(Tl) detector), to make
the gamma spectrum analysis more complete
(by reducing the unidentified portion of
radioactivity in a particular batch of liquid
waste).
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Significance of Ruthenium and Cerium Radio-
nuclides in Environmental Monitoring at
Tarapur Nuclear Site

I. S. BHAT, A. G. HEGDE and R. S. IYER,

Environmental Survey Laboratory, TAPS
Colony 401 502.

Tarapur is the first example of the nuclear
park of the country with twin power reactor
units operating for the last six years and a
fuel reprocessing plant under commissioning
trials. Radioruthenium and radiocerium are
important indicators in the nuclear environ-
ment at Tarapur because of their nuclear and
absorptive properties.

Environmental monitoring for Ru and Ce
radionuclides have been carried out at
Tarapur for many years before and during
construction of the processing plant. Absorp-
tion of lollRu and 14*Ce on the silt at sea
water pH was studied in the laboratory. It
was observed that silt absorbs almost all the
released activity of both radionuclides.
Shore deposited silt was collected from both

south and north of TAPS discharge system
and were tested for these two nuclides. The
silt from the discharge canal bed showed
80 — 475 pCi/gm 141Ce, 4 — 2 0 pCi/gm
144Ce, 5—15 pCi/g 103Ru and 1 —3 pCi/gm
10SRu/gm. Silt samples from 5 km north
and south of TAPS site showed less than
I pCi/gm of all these nuclides.

Sea weeds, the established indicators of
marine contamination, showed 75 — 250
pCi/kg »« + " 'Ce and 55 — 470 pCi/kg
103 + IO«RU Samples of sea food through
which the marine contaminants reach the
human body, had 60 pCi/kg (soft tissue)
of 1H + 144Ce and 50 pCi/kgof103 f lorRu
for samples from near shore environment at
TAPS site.

The major Ru and Ce activities observed
at present were due to 10SRu and m C e
nuclides. Since longer lived 1MCe and 106Ru
would be the major part nuclides of these
elements in the processing plant discharges,
an attempt has been made to determine the
present 103Ru/l06Ru and wlCe/144Ce ratios in
the environmental samples for the purpose
of future reference to distinguish the contri-
bution due to processing plant releases.

IARP 5/34

Estimation of Thorium Chain Members in
Kerala Monazite Belt and Genetic Dose to
the Population

V. V. KULKARM, T. N. V. PILLAI and A. K.

GANGULY, Health Physics Division, Bhabha
Atomic Research Centre, Bombay 400 085.

The beach sands in the west coast of Kerala
and Tamilnadu states contain monazite,
one of the few deposits of thorium ore in
the world. The occurrence of this mineral
in these regions causes high radiation back-
ground in the areas where large populations
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live. These areas thus provide an excellent
opportunity to study the effects of radiation
on large population over extended periods.
In the present studies, data has been obtained
on the radioactivity content in samples of
beach sands and field soils. The different
radionuclides of the chain have been quanti-
tatively estimated by using gamma-ray spec-
trometry.

Representative samples from various
beaches and agricultural fields along the
west coast were collected. The finely ground
homogeneous soil and sand samples were
packed to the same height in plastic top-hat
type containers, the containers were sealed
and subjected to gamma-ray spectrometry.
Themonazite standards, (the thorium content
of which was estimated quantitatively by
chemical methods) used to estimate the
daughter product activity, were also counted
in the same geometry.

It is observed that the total counts (without
Compton subtraction) can be used to
estimate the daughter product activities if
their relative concentrations are same in the
standard as well as in the sample.

The activities of the various daughter
products of the thorium series from the
samples were directly obtained from the
known activity and counts in the standard
and the observed counts in. the sample. The
beach sands analysed were from Manavala-
kurichi, Kadiapattanam, Midalam and Neen-
dakara and ranges of activities of 21zPb,
228Ac> 208Ti a n d 22lBi> w e r e 3560-30080,

3440-30480,1360-10560 and 3480-30160 dps/kg
respectively. The field soils analysed were
from Manavalakurichi, Chavara and Mida-
lam and the ranges of activities for the above
nuclides were 3560-23560, 3440-23200, 1360-
8480 and 3480-23600 dps/kg respectively.

It is observed from the results of the estima-
tions that all the samples are in an equilibrium
status. The external radiation exposure due
to gamma-rays which a person will receive
annually, if he continues to reside in the
area for 24 hours a day during an entire
year, was also calculated from the thorium
values obtained and was found to be 874
mR/yr. The dose-rate, determined by Sunta
et al, using calibrated Tl dosemsters, was
881 mR/yr. The agreement between the
value computed by the authors and the
experimental TLD value is excellent. How-
ever, the resident of an area will move
about inside and beyond the radiation belt
and the estimated dose to an individual will
depend on the average residence time in
different radiation areas. The net genetic
burden due to the high radiation background
was estimated as 0.003 R; the figure does
not appear to be significant.

1ARP 5/35

Radioactive Contamination of Atmospheric
Air by Beta Radiation from Nuclear Debris

S. U. HASHMI, Gulmarg Research Observa-
tory, Gulmarg, Kashmir.

The paper describes the atmospheric
electrical effects of a nuclear explosion in
order to understand the impact of nuclear
debris on normal atmospheric air. It sum-
marises the results of measurements of electri-
cal conductivity of air and radioactive fallout
in the atmosphere. An increase in the radio-
active fallout gives rise to a direct increase
in the conductivity of air. As the conductivity
of air depends on the number of small ions
in the atmosphere, when a nuclear test ex-
plosion is conducted, it disturbs the normal
ionisation of atmospheric air by the con-
sequent nuclear fission product concentra-
tion in the air. The additional ionisation,
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•which is produced by the radioactive fallout
concentration, increases the number of small
ions and hencs, the electrical conductivity
of air which is a function of small ion con-
centration in the air; the conductivity of air
is related to the small ion concentration by
the following expression: ?. =nek, where
X is the conductivity of air, n the small ion
concentration, k the mobility of the ions
and e the charge on these ions.

The beta radiation from fallout radio-
activity increases the air ionisation very
substantially near the surface of the ground.
At the time (1963) of maximum fallout
buildup, the beta ionisation rate produced
by the fallout atb=5cm was approximately
SO I (80 ions pairs cm-3 sec-1). This amount
may be compared with the natural back-
ground of 10 I within the lower 2 km of the
atmosphere due to cosmic rays and natural
radioactivity. However, because of the limited
•atmospheric penetration of beta radiation,
the fallout gave a beta ionisation rate of less
than 0.5 I at h=10 metres. Various kinds
of radionuclides are produced by nuclear
fission and the composition of nuclear debris
varies with time. The radionuclides listed

below are considered to be dominant ten
days after the explosion:

140La, 140Ba, 143Pr, 131I, 132I, 132Te, 147Nd,
95Zr, 95Nb, B9Sr,

The average beta-ray energy of nuclear
debris is calculated to be about 0.3 MeV.
About 33.2 eV of energy is required for
production of one ion pair. Thus, about
9 x 103 ion pairs are produced by a beta-
particle of energy 0.3 MeV. The author had
recorded the effects on the electrical conduc-
tivity of air produced by a nuclear test in
air which was conducted by China on June 17,
1974 and has noted the exponential in-
crease in electrical behaviour of conductivity.
This is in agreement with the observations
reported hitherto by other workers in this
field. The detailed description of this tech-
nique for the investigation of radioactive
fallout effects are summarised in the paper,
including the instrumentation used for this
type of study. This is, no doubt, a more
precise and effective tool for the investiga-
tion of nuclear fission product concentra-
tion in the atmosphere, as compared to the
existing methods used for this purpose by
the atomic research centres.
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Energy Spectrum of Gammas from 252Cf
Sources

D. N. SHARMA, N. RAMAN, P. P. CHAKRA-

BORTY and M. R. IYER, Health Physics

Division, Bhabha Atomic Research Centre,
Bombay 400 085.

Though KSCf is used primarily as a neutron
source, it emits gamma radiations whose

specific dose-rate is so large that a heavily
shielded cell has to be used for storing even
small quantities of the radionuclide. It emits
prompt gammas during spontaneous fission;
gammas are also emitted by the accumulated
fission products. The gamma spectrum of a
254Cf source is therefore different from
that of prompt fission gammas. It is
observed that in general the contribution to
the exposure from fission product gammas is
comparable at low energies to that from
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the gammas emitted during spontaneous
fission. Due to the higher neutron yield,
"sCf sources are finding increasing applic-
tions in industry, particularly for on-stream
process analysis in mines and also for dis-
continuous process analysis. The spectral
information of M2Cf gammas is therefore of
more considerable practical interest.

In this paper we present calculated and
experimental data on the spectrum and
intensity of gammas from 252Cf sources.
A fission product computer code was used
for the calculations. The code used the
experimental fission product mass yields and
charge distribution parameters as the input
values to calculate the independent yields
of the individual products. These were used
as the weight factors for gamma activity
calculations of each product. The energy
spectrum was then obtained for ten energy
groups. For experimental estimation of the
gamma spectrum from a 252Cf source, a
Ge(Li) detector was used. It is known that
the fission gamma spectrum is continuous
and the gamma spectrum of fission products
is discontinuous. Hence fine structures were
expected in the gamma spectrum of ^ C f
source, taken with a Ge(Li) detector.
The observed spectrum was, however, found
to be continuous. It is concluded that the
fission gammas may be dominant and the
fine structures due to product gammas are
therefore not observed. Spectral measure-
ments were also done by interposing a paraf-
fin block between the source and the detector.
Except some minor differences which can
be attributed to the interposing of the paraf-
fin layer, there was no change in the observed
spectrum. It is concluded that the neutrons
from the source do not effect the gamma
spectrum when it is taken with a Ge(Li)
detector.

1ARP 5/37

Tissue Dose Distribution for Air Scattered
Gamma Photons

P. K. SARKAR, K. N. KIRTHI and P. S.

NAGARAJAN*, Health Physics Division.
Bhabha Atomic Research Centre,
Bombay 400 085.

Existing results of gamma dose, buildup
factor and spectrum data at large distances
are limited up to 20 m.f.p. A study of the
behaviour of dosimetric quantities like spec-
tra, dose and buildup factor for large dis-
tances is interesting, irrespective of their
applications. This paper gives the results of
Monte Carlo calculations on the scattering
of gamma rays in air. The dose-energy dis-
tribution in tissue was calculated for scat-
tered gammas at different distances ranging
from 150 to 4000 metres. The gamma ener-
gies used in the calculations were 0.662
MeV (»37Cs), 1.17 MeV and 1.33 MeV
(60Co).

The Monte Carlo calculations were per-
formed for an isotropic point source in an
infinite medium of air. Information was ob-
tained on spectral distribution of the gammas
for each thirty collisions in air. The total
flux spectra at various distances were obtained
by summing up the contributions from all
the thirty collision spectra. The flux spectra
were converted to dose distribution by using

(Uen/P) tissue.

The Monte Carlo programme prepared for
this study was a straight forward simulation
of the radiation transport. The gamma
photons leave the source isotropically with
assigned statistical weights. Path lengths
were sampled randomly and at each collision
point expectation values for the gammas to

* Division of Radiological Protection.

38



reach the point of interest were calculated.
Thus each gamma photon was allowed to
make thirty collisions without the history
being terminated at any point. Corapton
scattering and photoelectric absorption. are
the only processes of importance in the
energy range of interest. Consequently they
were the only processes considered in the
simulation. Each interaction was considered
to be aCompton scattering with a weight
given to the scattered photon equal to that
ratio of the Compton scattering cross-sec-
tion to the total cross-section. Photoelectric
cross-section was thus accounted for but
was not allowed to terminate the histories.
The histories were terminated either after
30 collisions, or on absorption due to low
energy cut-off at 5 KeV. Statistical estimation
was used in scoring the histories according
to the probabilities for the weighted photons
to reach the desired point. A total of 15,000
histories was generated in 5 groups of 3,000
each in order to have an estimate of the
variance associated with the results.

All the spectra exhibited a peak between
50 KeV and 70 KeV. The calculated spectra
for a 80Co source showed good agreement
with the spectra measured experimentally
with a NaI(Tl) detector.

IARP 5/38

Suggested Revisions of Neutron MPFDs

P. S. NAGARAJAN, Division of Radiological
Protection, Bhabha Atomic Research Centre,
Bombay 400 085.

The present values of maximum permissible
flux density (MPFD) of neutrons are based
on the maximum of the computed dose-
equivalent distributions in depth in a suitable
representative phantom. Earlier, the re-
presentative phantom used in the calculations

was an infinite slab of standard man com-
position. More recently, the phantom used
is a set of finite right circular cylinders each
of standard man composition. The present
MPFD levels have been derived from the
results of Monte Carlo calculations of Snyder
and his colleagues at Oak Ridge. Similar
independent calculations carried out by the
author have yielded results of dose distri-
butions which are in very good agreement
with those of the Oak Ridge group. However,
the dose-equivalent distributions are different.
This is mainly due to the different quality
factor (QF) functions used in our calcula-
tions.

For low energy heavy recoils, dE/dx is low
and correspondingly QF is lower than the
value of 20 used in the Oak Ridge calcula-
tions. Therefore, for intermediate energy
neutrons, we obtain lower dose-equivalents
per unit neutron fluence. For example, for
incident neutron energies of 0.1 MeV,
20 KeV, 5 KeV and 100 eV, the computed
MPFDs are higher by 36%, 55%, 62% and
54% respectively. For higher energy neutrons
and for thermal neutrons our values agree
with the present ICRP values. Considering
all the reported data, a set of suggested values
are obtained which are higher than the
present ICRP values by 38%, 25%, 23% and
40% respectively for the energies aforesaid.

The maximum of the depth dose-equivalent
distribution occurs at small depths from the
incident face of the phantom or on the sur-
face itself. For purposes of neutron MPFDs,
the eye lens has been chosen as the critical
organ. This choice would continue to hold
good for high LET radiations. However, in
the case of slow neutrons, a fair portion of
the dose-equivalent is of low LET due to
low energy recoils and capture gamma
photons. Thus it would appear that only the
high LET dose-equivalent component due to
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protons from capture events in nitrogen
should be considered for limiting dose to
the eye lens and the total dose-equivalent
should be considered for effects other than
radiation cataract of the eye lens. Using the
ICRP table of QF vs LET and assuming
that these values are applicable to the mixed
radiation field, viz. low energy recoils plus
capture gamma radiation, a set of MPFDs
was obtained based on total dose-equivalent
at a depth of 5 cm. Another set of values
was obtained for the high LET component
of the dose-equivalent at a depth of 0.5 cm.
The lower of the two sets of values could be
considered conservative enough for protec-
tion purposes. This study indicated that the
5 cm depth yields a lower value over the
neutron energy range 0.5 eV— 5 KeV.
This clearly indicates a need for reconsidera-
tion of the QF values before any conclusions
are drawn regarding numbers. The QF
values are for radiation cataract of the eye
lens. QF values are needed for. the effects
of high LET radiations on gonads and bone
marrow.

Another aspect is the angular distribution
of neutrons. Slow neutrons leaking from
shields are diffuse and nearly isotropic.
From these considerations, the existing values
can be increased by nearly 80—90% (as-
suming that any measured flux consists of
two parallel opposing broad beams, each of
half the measured value). Computations for
actual isotropic incidence yield even higher
enhancements. In conclusion we can safely
raise the present neutron MPFDs in the slow
neutron range by a factor of 2—3.

IARP 5/39

Contribution of Ground-Scattered Neutrons
in die Calibration of a REM Counter

U. S. RAO, S. C. MISRA and U. C. GUPTA,

Electronics Division, Bhabha Atomic Re-
search Centre, Bombay 400 085.

In the calibration of neutron detectors, \.he
contribution of neutrons scattered from
ground, supports and surroundings play
an important part. Let S denote the contri-
bution from scattered neutrons and R, the
response of the detector. The two quantities
are connected by the following relations:

R = S +
QE

4TT (r + x)2

where a neutron source of strength Q i&
kept at a distance r from the surface of the
detector and x is the distance between the
effective centre and the front surface of the
detector. The contribution of neutrons scat-
tered from concrete floor has been measured
for a rem counter, using neutrons from an
Ara-Be source of strength 1.7 x 107 n/sec.
The value of S was determined by the follow-
ing three methods.

1. The direct neutrons were stopped
from reaching the detector by the use of a
suitable shadow bar placed in front of the
detector. The second term on the r.h.s. of
the equation reduces to zero and the response
R is equal to the scattering contribution S
only. R was found to be 2.12, 2.16 and 1.99
c/sec for source-detector separations of
70.5, 85.5 and 105.5 cm respectively. The
source and the detector were both placed at a
height of 120 cm from the floor.

2. The scattering contribution was re-
duced to a minimum by removing the source-
detector assembly far away from any scat-
tering surfaces. For a source-detector dis-
tance of 49 cm, the response decreased when
the assembly was raised and became constant
after a height of 237 cm from the ground.
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The response at a height of 120 cm was found to
be higher by 1.71 c/sec than that at 237 cm
and the increase is attributed to scattering.

3. The response R was measured for a
number of source-detector distances. The
value of 1/VR—S was plotted against r for
different assumed values of S, and a straight-
line was drawn using least-squares fit. The
standard deviation a in the slope of this
line was calculated. The value of S for which
a is minimum was taken as the contribution
due to scattering and was found to be 1.30
c/sec. This value gave also the maximum cor-
relation coefficient.

The first method gives a higher value of S
because the shadow bar itself introduces
additional scatter. The first method gives the
total contribution of scattering from all
sources, while the second method gives the
contribution due to scattering from the floor
alone. Under the experimental conditions,
it is expected that the contribution due to
scattering from walls etc. would be less than
0.5%.

Finally, the values of S/(R—S) obtained by
the three methods were plotted as a function
of D/h where D is the distance between the
source and the centre of the detector and h
is the height of the assembly above the floor.
For values of D/h less than 0.5, the scattering
contribution was found to be less than 4%.

IARP 5/40

A New 4TT Precision Neutron Counter with
Uniform Response in the Ene.gy Range of

B. K. KAMBQI, M. G. SHAHAM, U. V.

PHADNIS and D. SHARMA, Electronics Divi-
sion, Bhabha Atomic Research Centre,
Bombay 400 085.

For the calibration of neutron detectors
and dosemeters, well-calibrated radioactive
neutron source standards over a wide range
of neutron energy are necessary. In primary
standard laboratories these sources are
usually calibrated with a manganese bath
system and an absolute counting technique
such as a 4 ir (3—T coincidence system is
used for absolute counting of wMn. Such
an elaborate system is not always accessible
for many health physics laboratories and is
necessarily time consuming.

The present paper describes a precise
moderating assembly which is proposed to
serve as a secondary standard for the cali-
bration of neutron sources. This standard
assembly is quite simple in its design and
consists of a polythene block incorporating
four horizontal 3He detectors to obtain
4ir geometry and with a reentrant hole at
the centre for the placement of neutron
sources.

The present experiment was performed
with a single sHe counter,* with a resolution
of 8 % and having a pressure of I atmosphere
and sensitive length of 6 cm. The amplifier
gain and the discriminator bias are set by a
criterion of adjusting two particular counting
rates relative to each other. One of them is
chosen at a flat place in the pulse height
distribution and the second one is chosen at
the most rapidly varying part of the distri-
bution. The ratio of these counting rates is 13.
The V—sensitivity of this assembly is quite
low; a 100 mCi radium source kept at the
centre of the assembly gave a count rate of
only 15 cps.

The response of the detector in the energy
range 0.024 to 5MeV has been measured
using standard neutron sources such as
Sb-Be, ""Of, Ra-oc-Be, Am-cc-Be, and
* Supplied by 20th Century Electronics Ltd.
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Pu-oc-Be. All these sources were standardis-
ed absolutely by manganese bath pumping
technique which consists of a spherical tank
containing approximately 27% by weight
of medical grade manganese sulphate solu-
tion. The solution is continuously pumped
through an assembly having 11" x 11" NaI(Tl)
detector at its centre. Various corrections
such as leakage of neutrons from the
tank, fast neutron absorption in oxygen and
sulphur, absorption of the thermal neutrons
in the source, resonance absrption in manga-
nese as well as neutron multiplication due to
fission have been applied.

The efficiency of the detector is found to
be constant within ± 10% in the energy
range 1.9 to 4.5 MeV and is about 0.23%.
The efficiency is found to decrease to about
0.07% at 24 KeV. The counter is yet to be
tested in the energy range 25 KeV to 1.9
MeV and above 4.5 MeV. The efficiency
would be 1 % if four such 3He counters are
used. It is expected that just like precision
long counter, this detector when fully de-
veloped could serve as a reproducible
standard geometry with specific characterstics
for quick but precise calibration of neutron
sources.
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INDIAN ASSOCIATION FOR RADIATION PROTECTION

Brief History, Objectives and Activities

In 1968 a group of health physicists in Bhabha Atomic Research Centre initiated a
proposaitoset up a professional association to promote safety in the manifold uses of ionising
radiations in the country. After extensive discussions the draft constitution was adopted in
1969 and the Indian Association for Radiation Protection (IARP) was registered as a public
trust, under the Bombay Public Trusts Act.

The objectives of the association are

* to bring about proper awareness of the hazards from ionising radiations amongst
their users in particular and the public in general;

* to encourage adoption of appropriate means for avoiding or reducing radiation
exposures in the applications of ionising radiations and nuclear technology in
the country, such as power generation, industry, medicine, agriculture, scientific
research etc., thereby maximising the benefits which are derived out of these
applications while minimising the risks; and

* to facilitate contacts and exchange of information amongst specialists in radia-
tion protection and related disciplines in the country and with their counterparts
in other countries.

The association has a total membership of over 250 specialists from different parts of
the country. It is managed by an Executive Committee, headed by Dr. A. K. Ganguly, a well-
known authority in the field of radiation protection. Dr. A. R. Gopal-Ayengar, the interna-
tionally renowned radiation biologist, is the President Emeritus of the association. The associa-
tion has on its rolls numerous scientists, medical doctors and engineers who are well known
in India and abroad for their scientific contributions and technical accomplishments.

The association has successfully organised the following meetings:
First Annual Conference on Radiation Protection, Bombay, April 1973
First Topical Meeting: Safety Standards for Siting of Nuclear Installations,

Bombay, June 1974
First Asian Regional Congress on Radiation Protection, Bombay, December

1974
Second Topical Meeting: Accidental Criticality, Bombay, June 1975

The association was admitted in May 1970 as an associate society of the International
Radiation Protection Association (IRPA). Members of IARP are also members of the inter-
national association. Some members of the association are actively associated in the work of a
numher of committees of IRPA. Members of IARP are eligible to obtain copies of HEALTH
PHYSICS, a professional journal published by IRPA's associate society in USA and Canada
at 3 special concessional subscription rate.

For further particulars, including membership of the association, please write to:
P. ABRAHAM
(Secretary, IARP)
Health Physics Division
Bhabha Atomic Research Centre
Bombay 400 085.


