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P R E F A C E

This report presents In brief the progranme of work
of the Air Monitoring Section, Division of Radiological
Protection, during the years 1979-84. It includes a few
programmes started during 1983-84 as well as those which have
been completed. Last report giving the programmes of the
Section was brought out in 1978(BARC-961). The programmes
are classified under seven broad headings and an appropriate
abbreviation denoting the sub-section is given at the top right
corner of each summary. In addition to its commitments for
supply of air and water radioactivity monitoring systems to
various units of the. Department of Atomic Energy (DAE), the
Section has during the past few years developed chemical pollutant
monitors, some of which have found ready use in DAE plants. A
list giving details of Instruments supplied to various DAE units
is included. International Atomic Energy Agency supported projects
and list of staff members who were awarded Ph.D. and M.Sc. degree
based on their research work in the Section are also included.
The publications are presented under three sections, viz. (A)
papers in Journals, (B) papers in symposia and conferences, and
(C) BARC reports, theses and popular articles. To conserve
space and avoid repetition, the programme summaries carry against
publication, alphanuaeral entries which can be looked up in the
publication list. Publications related to the programmes are
also entered. The entries refer to one of the three sub-sections
A, B or C and the serial number of the relevant reference in
that sub-section. For programmes started prior to 1979 and
continued during 1979-84, the names of scientists associated
with programmes as well as publications during 1979-84 only
are given.

It is hoped that the report will serve as ready reference
for the activities of the Section and provide information about
the current'programmes to the interested scientists.

( V. C. Mishra )
Head, Air Monitoring Section
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AR - 1

Title : Measurement of rain-scavenging ratios using radioactive
aerosols

Investigators : C. Rangarajan and C D . Eapen

Summary : The scavenging ratio can be expressed a» the ratio
of the activity per gram of rainwater to an activity
per gram of air. The scavenging ratio W is useful in
predicting contamination from airborne releases of
radioactivities. The scavenging ratios of fission
products and natural Pb-210 were calculated from the
atmospheric and precipitation concentrations at eight
stations.in India. The activity levels for the period
1957-1965 where fission product levels were sufficiently
high for accurate measurements were used for calculating
W. The W vdues for short-lived Pb-212 were also
calculated at Bombay only. The scavenging ratios of
fission products vary from 20 to 3000 considering all the
data available from the eight stations in India. The
distribution ts skewed with geometric mean values varying
from 200 to 700. The W values for Pb-212(Th-B) are an
order of magnitude lower (about 20) compared to fission
products. The H values from various stations were
compared using the Kolomogorov-Smirnov test. There
was no significant difference at rlic 555 level among the
stations. An attempt was made to (i.i the scavenging
ratios to an equation of the type W • Wo R"P where W
and R are scavenging ratio and rainfall rate respectively
' and Wo and p are the empirical constants. The Wo and
p values calculated using linear least squares method
were 1600 and 0.3 respectively with a correlation
coefficient r » 0,9 for monthly samples. The agreement
between the scavenging ratios for different geographical
locations is satisfactory and the equation should be
suitable for long period fallout predictions. The
equation also establishes Che existence of an Inverse
relation between scavenging ratio and rainfall.

Publications : A-94

Programme Status : Continuing since 1980.
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A R - 2

Title : Dry deposition measurements using radioactive aerosols

Investigators : C. Rangarajan, C D . Eapen and Smt. S. Gopalakrlahnan

Stannary : The models predicting fallout of materials from the
atmosphere require a knowledge of the dry deposition
velocity of the concerned substance. The value of
dry deposition dependson several factors like particle
size, location, wind speed, relative humidity, etc.
Therefore, it Is necessary that Vg should be evaluated
for the concerned material at the location of interest.
The Vg values for fission products, Th-B and Be7 were
measured at Bombay.

The overall average value of Vg for fission products
based on about nine hundred daily measurements is
0.063 + 0.06 cm/sec. This is lower than the value
reported In literature of 0.10 cn/sec. The average
value for Pb-212, 0.033 + 0.03 cn/sec, is from about
eighty daily measurements. This value of Vg is about
half that for fallout. This is because of the smaller
particle size of the natural activity-compared to
fallout activity. The Vg value of Be7 is 0.023 + 0.02
cm/sec from analyses of 17 half monthly samples." This
Is lower than the values for both fission products and
Pb-212.

An attempt was made to study the effect of wind
velocities and relative humidities on Vg values. There
is some correlation between wind velocities and Vg
In the case of fission products. But there Is no
recognizable effect of wind velocity in the case of
Pb-212 and Be7 . The data also shows that there is
no effect which can be attributed to changes In relative
humidity.

Programme Status : Continuing since 1980.
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AR-3

Title : Assessment of Airborne Radioactivity Sue to Natural
Radon Daughter Products In Non-Uranium Mines In India

Investigators J N.B. Natr, C D . Eapen,and C. Rangarajan

Summary s Many instances of non-uranium mines having high
levels of airborne radioactivity due to natural
radon daughter products were reported from various
countries in the recent past. In India there are
more than 500 underground non-uranium mines of
various types. As the number of people engaged in
this sector la very large, even a slightly enhanced
level of air activity can contribute to significant
radiation hazard in terms of the total man-slevert
per year.

We have started a survey of various types of mines
from different geographical locations of India. The
method followed was to monitor the main vertllation
return air and mine air at selected places using
portable air sampling and counting systems. - The method
of monitoring was to sample the airborne partlculates
by sucking the air through a filter paper at 50-100
litres per minute for 20 minutes and then to follow
the alpha decay of the sample. The RaA, RaB and RaC
concentrations and the equilibrium equivalent radon
values were calculated. The results of the 21 mines
already monitored are as follows:

SI.NO. Average level of Total number Type of mine and
activity (In mWt) of mines number

1

2

3

4

Below

10 -

30 -

100 -

10

30

100

1000

10

3

5

3

Gold-4, Coal-4,
Manganese-2
lead & Zinc-2,
Manganese-1
Copper-4, Lead and
Zlnc-1
Copper-3

Publications : B-66

Programme Status : Continuing since 1975.



AK-A

Title : The least squares method of analysis of individual concentrations
of RaA, KaB and RaC activities from gross measurements of alpha
activity

Investigators : C. Rangarajan, C D . Eapen and M.V. Ramana Murthy

Summary : From the alpha decay of tit filter samples, the radon decay
products can be resolved by a weighted least squares analysis
using computer based methods. Optimization for maximum accuracy
Is achieved by collecting samples for periods less than 10
minutes, counting of the samples with minimum delay, and
counting upto a period of 80 to 90 minutes after end of
collection. However, when Che levels are of the order of
50 pC.t/m3 or less, the accuracy of RaA estimation becomes
small. To overcome this an attempt Is being made to use
plastic sclntillators to separate RaA peak from the RaC peak.
A method is being developed which will analyse the decay of
RaA and RaC peaks to obtain greater accuracy in their estimation.

Programme Status : Continuing since 1978.

AR-5

Title : Detection and analysis of fresh fallout to obtain information
on the nuclear weapon tested

Investigators : S. Sadasivan, S. Datta, R. Madhavan, B.Y. Lalit and
O.C. Mlshra

Summary : Regular aircraft swipe sampling was carried out. The fallout
levels were generally very low except for a brief period in
1980 when the People's Republic of China conducted an
atmospheric nuclear test. The short lived fallout activity
fro* this test was analysed in detail and it was concluded
that this test was a thermonuclear explosion carried out at
low altitude. Host of the activity from this test had fallen
out In a year's time.

Publications : A-62, A-112

Progransie Status : Continuing since 1965.
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Tltl* : The aeaaureaents of fission products activity In
the atmosphere from nuclear weapon tests

Investigators : C. Rangarajan and C D . Eapen

Summary t Presently, the fallout activity levels are low due to
the absence of nuclear tests and hence sanples of air
and rainwater are now collected only fro* Bombay and
analysed for fission product activity. About 30 to SO
thousand cubic metres of air 1* sampled per month through
high efficiency filters using high capacity blowers.
The pressed filters were counted In gama-ray spectro-
aeter using Nal(Tl) or Ge(Ll) detector. The apectrum
was analysed by coaputer prograaaes. For the rainwater
analysis» large voluaes of rain water, upto 20 litres
were collected. The collected ralnvater was evaporated
and the residue was transferred Into perspex planchets
and counted in the gaaaa-ray spectroaeter.

The fission product activity levels were used as a tracer
to study meteorological parameters, like travel tines,
aovenents of debris across the globn, seasonal variations
-f stratospheric fallout, realdenca tinea, dose cossmlt-
aents, etc. Using the French test debris as a tracer
it was found that the aonsoon current serves as a path
for lnter-healspherlc transport of material across the
equator with a travel tlae of 3 to 6 days froa the tip
of Malagasy to the weat coast of India. The dilution
of the air aass is only about 80Z froa Malagasy to the
west coast of India.

The measureaents of fallout activity are useful In
predicting aoveaent* of pollutants on a continental and
planetary scale and Its diffusion and dispersal. In
addition to estimating the population exposure to
fallout activity.

Publications: A-17

Programme Status : Continuing since 1956.
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AR-7

Title : The study of Radon as a Tracer for Large Scale
Air Mass Mixing Over the Ocean

Investigators : C. Ran gar a j an and C D . Eapen

Summary i Radon-222activity levels hav«s been measured over the
Arabian sea, Indian Ocean and Bay of Bengal regions
during the summer monsoon periods of 19/3, 1977 and 1979
as part of the MONEX programme. In all about 1300
measurements were carried out in the region 0* to
20*N and 50* to 90*E. There were three to four sample
collections during each day.

The radon content of air masses formed over the oceans
is very low 1 pCi/m3 (0.037 Bq/m 3) compared to those
formed over land, 20-400 pCi/m3 (0.75 to 14 B q / m 3 ) .
This is due to the fact that the emanation of radon
from the sea surface Is a few orders of magnitude lower
than that over the land. Hence radon is found to be
very useful for distinguishing continental and maritime
alrmasses and to assess their relative contribution in
regions where nixing may occur.

These measurements have shown that radon levels in the
Arabian sea and Bay of Bengal vary from low values
(1 pCi/m 3), characteristic of maritime air, to high
values (17 pCi/m3) indicating presence of continental
air, with a trend to higher values of radon at higher
latitudes. A portion of the air reaching the west coast
of India between 10*N and 20*N has its passage over th<a
Kenya coast, has high radon concentrations and air which
reaches the Indian peninsula at latitudes below 10*N
is primarily of oceanic origin. The radon levels reduced
during strong nonsoon period due possibly to greater
input of maritime air from across the equator. The
study suggests possibilities of using radon as an
additional device In monsoon studies connected with
air mass nixing.

Publications: A-90, A-96

P r o g r a m Status » Completed in 1983.
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AR-8

Title : The use of Radon-Thoron daughter's radioactivity as an
Index of atmospheric stability

Investigators : C. Rangarajan, Smt. S. Gopalakrishnan and
C D . Eapen

Summary : The seasonal and diurnal variations in the levels of
radon and thoron daughters'activity was used to study
the stability of the lower atmosphere. This technique
Is based on the fact that those isotopes whose source
is the soil will accumulate In the surface layers under
stable conditions and will be diluted under turbulent
conditions. The activity levels were Measured at
Bombay, Poona, Thumba and at the high altitude station
at Gulmarg. The levels were maximum in winter and
during early mornings indicating highly stable
conditions, and minimum in summer and In the afternoons
when convectlve nixing reduced the activity levels.
The differences in the extent of variations indicated
the differences in the turbulence cycle at the various
locations. As an exawple, there was littlt variation
In the activity of the high altitude station at
Gulmarg Indicating a comparatively stable condition
throughout the season as compared to the other stations
at ground level.

Programme Status : Completed In 1982.
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AR-9

Title : The measurement of 21*Bl/21*Pb Activity ratios in
the lover atmosphere

Investigators: C. Rangarajan and C. D. Eapen

Summary t The 21*Bl/21*Pb activity ratios are useful In
(a) calculating the lonization rate of the atmos-
phere, (b) testing diffusion models, and (c) asse-
ssing the errors In radon estimation frost daughter
product activity measurements.

The 2 1Si/ 2 1*Pb activity ratios have been measured
at one metre and eighteen metres height at Bombay
during certain periods of 1975, 1978, 1979 and 1980.
In all, about five hundred measurements were carried
out, both in the mornings and in the afternoons.

The analysis techniques consisted in the computer
based least-squares resolution of the alpha decay
curves of high volume air filter samples counted
using large ZnS sclntlllator* . The collection
rate, period, and counting Intervals were optimised
for minlmusi errors. The activity ratios varied
from 0.3 to 1.0, the average being in the range of
0.6 - 0.9. The afternoon ratios were generally
higher and minimum values were noted during late
winter and spring. These variations could be
correlated with changes in the diffusive properties
of the atmosphere during the course of the day and
through the seasons. The errors In the calculation
of radon through Its daughter products, due to dis-
equilibrium. Is estimated to be about 25Z oa the
average.

Publications : A-91

Programme Status : Completed in 1980.
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AR-10

Title : Measurement of natural radioactivity of the atmosphere
due to RaD (Pb-210) and Be-7

Investigators : C. Rangarajan, L.U. Joshl and Smt. S. Gopalakrishnan

Summary : The radioactivity of RaD (Pb-210), the long-lived decay
product of radon-222 and Be-7, a cosmic ray produced
Isotope, have been measured in surface air. The RaD
activity has been measured at a number of stations in
India for several years while Be-7 has been measured
at Bombay for a few years.

The measurement of RaD Is by radiochemical separation
and beta or alpha counting of the collected air filter
samples, while Be-7 estimation Is by gamma spectroscopy.
The levels and the variations of the atmospheric
concentrations of these Isotopes have been tabulated
and studied. The Be-7 activity ia useful in investigating
stratospheric circulation while RaD activity is useful
in estimating tropospheric residence times from its
ratios to parent Rn-222 and decay products Bi-210 and
Po-210.

Programme Status : Completed In 1980.
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BR-i

Tltla > Measureaent of Ionising Radlatlona In Indoor Areas

Invastigatora : M.C. Subba Raau, T.S. Muraleedharan and
T.V. Ramachandran

Susmi7 : The concern over the natural radon daughter exposure has
Increased due to various programmes which have demonstrated
"enhanced" radon daughter levels In dwellings around the
world. Hence It Is planned to measure both radon and
Its short-lived daughters In Indoor areas of laboratories
and dwellings. This would give Information on the Inhalation
dose delivered Co persons Indoors and also the ventilation
rates which Is responsible for varying levels of radon and
Its daughters Indoors. It Is also planned to measure the
M and f radiation doses received by the persons Indoors.

Program Status : Started In 1984.

BR-2

Title : Radiological Hazard of Phosphatlc Rocks and Fertilizers and
building Materials T-*th particular reference to cement

Investigators: U.C. Mishra, B.T. Lalit, V.K. Shukla and M.R. Menon

S a u r y s This laboratory has started measurements on natural radio-
activity in phosphate rocks and phosphate fertilisers by Yspec-
trometry. In addition, measurements of radioactivity were
also done in different areas of the fertiliser manufacturing
plants, e.g. rock crushing plant, store houses for phosphate
rocks and phosphate fertilisers, phosphoric a d d plants,
etc. The aim of the project is to study the overall
radiological hazard associated with the production and uae
of phosphate fertilizers. Phospo-gypsua is used sometimes
in building materials, hence cement and some other building
materials were also analysed for their radioactivity content.

Publications : A-116

Programme Status : Continuing since 1979.
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BR-3

Title : Assessment of technologically enhanced natural radiation due
to thermal power plant

Investigators : U.C. Mishra, B.Y. Laiit, T.V. Ramachandran and
M.R. Menon

Summary t Coal and oil are the main sources of energy for Industry and
electricity generation in India. This laboratory collects
coal samples from different collieries and analyses them
for their radioactivity of natural origin. Coal, fly-ash,
slag, soils and some food samples from the vicinity of
thermal power stations were also collected and analysed
for their 226Ra, 228Th and *°K content. The radon content
in coal mines was assessed by using solid state nuclear track
detectors. This programme was taken up to assess the
radiological hazard of coal fuel cycle and compare it with
the similar hazard from nuclear fuel for electricity gene-
ration.

Publications : A-47, A-53, A-64, B-36, B-39, B-57

Prograane Status : Continuing since 1978.

BR-4

Title : Fallout and Natural Radioactivity In Food stuffs

Investigators : B.T. Lallt, S.B. Ringoranl, M.R. Menon, V.K. Shukla,
T.V. Ramachandran and A.P. Sathe

Summary s Measurements of the radioactivity of natural and fallout
origin were carried out on a routine basis. The study
covered the assay of the samples for 90Sr and 1 3 7Cs
of fallout origin and isotopes of 2 2 6Ra, 223Th, 4 0K and
210pD Of natural origin. Leafy vegetables, other vegetables,
cereals, pulses, potatoes and composite meal samples were
collected from local market on a quarterly basis. Milk
samples were collected from two dairies supplying milk to
the city of Bombay on a monthly basis. These samples
were analysed either by radiochemlcal separation and low
level beta counting techniques, or by low level gamma ray
spectrometry.

Publications: A-46, A-51, A-52, B-34, B-35

Programme Status : Continuing since 1958.
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RM-1

Title : Monitoring Instruments under Development

Investigators : A.N. Singh, K.H. Kale and A.G. Marker

Summary : Performance of the various types of monitors developed by us
so far has been very satisfactory and their design has been
constantly updated. However, research and development
efforts shall be continued to find a satisfactory solution
to some of the problems that exist even now. One area where
such an effort is continuing is In respect of tritium-in-
water and tritium-in-air monitors, a satisfactory sample
conditioner has yet to emerge that could increase the life
of the detector several fold. The electronic system for
air and water monitors both shall have to be made faster
so that the coincidence time could be reduced as much as
possible. This vay the sensitivity could be increased
further. Additional Improvement in the high voltage supply
could permit the operation of the monitor at a smaller
lower discriminator threshold, thereby increasing the
tritium efficiency. Introduction of background compensation
In plutonium and iodine monitors could Increase the useful-
ness of these monitors.

Though our monitors use integrated circuit based electronics,
the electronic function la analogue in nature. It is
planned to switch over to the digital form. This way It
will be possible to have mare accurate and stable electronic
processing of the signal, easy and accurate readability
and adaptability to microprocessor electronics for Increasing
the scope of the monitor. By incorporating the micro-
processor (1) the monitor could be provided with a system check
mechanism for Information aoout failure or tendency towards
failure (2) comparison and compilation of data from a number
of monitors Installed at a site (3) presentation of data
In more useful form such as conversion of the count rate
of the tritiated water monitor from various lines linked
with It, In which secondary coolant flow rates could be
different, into DoO leak rate In that line, (4) rate of
rise Information ?5) averaging of data, etc.

Programme Status : Started in 1984.
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RM-2

Title : Design and Fabrication of Portable Alpha Counting Systems

Investigators : R. K. Varna and M. B. Nalr
Summary t Portable alpha counting systems for the assessment of natural

radon levels In t!ie normal atmosphere, radon In non-uranium
mines and Indoor radon In houses and other areas are designed
and fabricated. The alpha decay of the radon daughter products
collected on filter papers could be followed for pre-set
counting Intervals. The Instrument consists of an amplifier,
sealer, pre-set tinier, interface for the numeric printer
Epson-Mobel-350 and the power supplies for the alpha probe.
In the auto mode the Input pulses are counted for the pre-set
time and then printed out on the numeric printer. It then
resets and starts the next cycle. The counting time lost in
between two successive cycles is less than 400 tns. The units
are light and ruggei! for field use.

Programme Status : Started In 1984.

B M - 3

Title : An On-line trltiated water monitor for the detection of
heavy water leaks into the secondary coolant of Nuclear
Power Reactors

Investigators : A.N. Singh and M. Rathnakaran

Summary : An instrument based on tritium activity neasurement was
developed for the detection of heavy water leakages Into the
Becondary coolant of heavy water power reactors. The Instru-
ment is the first of Its kind and has found Immediate appli-
cation at RAPS. So far in the absence of a suitable monitor
this type of work was carried out manually and was not satis-
factory because timely Information about the leaks was not
available. The monitor uses a flow cell detector described
elsewhere In this report. At RAPS, the Installed monitor
la linked with 18 lines and monitors each line for 5 minute*
sequentially. One more monitor Is to be installed for
measuring the tritium activity in the sump which contains
water fro* all the lines. The electronic system of the
monitor was specially designed to meet the requirements at the
plant site. It is planned to Install such monitors at other
power reactors.

Publications : C-2«

Programme Status : Continuing since 1981.
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R M - 4

Title : Development of high performance microprocessor based nuclear
instruments for environmental radioactivity measurements

Investigators : S. Ragupathy and S.D. Bedekar

Summary t High performance microprocessor based nuclear instruments
are very useful to detect and measure radioactivity of environ-
mental samples. A programme to develop such instruments
incorporating high sensitivity detectors and microprocessor
based electronics was undertaken and two development models
of high resolution gamma spectrometers were fabricated, tested
and installed for use. These spectrometers acquire gamma
spectra of samples, calculate energy and net area of all
•narked peaks and prints the analytical report. The performance
of the spectrometers was also studied and evaluated.

Further development work is being continued to incorporate
similar fe*:ufes in our alpha spectrometers and low level
beta counting Instruments.

Publications: B-75

Programme Status : Continuing since 1981.

RM-5

Title : The development of a continuous Tritium-in-Air Monitor

Investigators : A.N. Singh and M. Rathnakaran

Summary : An on-line monitor for continuous monitoring of tritium-in-
air, employing a new aqueous phase sampling technique was
specially developed to cater to the needs of our nuclear
power plants. The new sampler traps the tritium from the
air into aqueous phase whose volume could be varied between
5 cm /mln to 100 cm3/min, air sampling rate being maintained
at 100 litres per mln. A spray of clean and Inactive water
is injected Into the sample air stream continously. The
air-water mixture is then circulated through a spiral tubing,
at the end of which the water is separated from the air.
Over 952 of the tritium in the air gets trapped into the

' water by exchange. This water is then passed through the plastic
sclntillator sponge detector described elsewhere in this report.
Tritium measurement becomes faster as the water injection rate
is Increased. Activity measurement in the range of 0.1 MPCa
to 1000 MPCa of tritium Is carried out In coincidence mode.
The electronics Is identical to the tritium-ln-water monitor.

Publications: A-97, C-28

Programme Status : Continuing since 1979.
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RM - 6

Title : Studies In Lyoluminescence and Its Applications In Doaimetry

Investigators : J. S. Chazhcor and tf.C. Mlshra
Summary : The phenomenon of lyolunlnescence of saccharldea was studied with

emphasis on IJS application as a technique In the field of radiation
doslmetry. Sensitized lyolumlnescent phosphors were prepared by
co-crystallising the chemiluminescent dye (lumlnol, lucigenin or
lophlne) with the respective carbohydrate. Glucose monohydrate
with lumlnol and melezitose dihydrate with lucigenin were found to
have maximum sensitivity. Various dosimetric parameters have been
studied for these phosphors using Co gamma radiation. They
offer good stability of response with storage time, proportionality
of response for a wider range of absorbed doses and good dose
Integration properties. The lyoiumlnescence responses of vavlous
sensitized and non-sensitized carbohydrates were studied for neutrons
and it was found that these responses are different from those
obtained with gamma radiation and are also dependent on the energy
of the neutron.

Publications: A-10, A-12, B-12, B-13.

Programme Status : Continuing since 1978.

RM - 7

Title : Radioactivity-in-Air : Monitoring Instruments for Laboratories
and Plants of DAE Units

Investigators : A.N. Singh, A.G. Marker and K.H. Kale

Summary : Various types of continuous radioactlvity-ln-Alr Monitors like,
fixed and moving filter beta gamma air monitors, gross alpha air
monitors, plutonium-in-air monitors, iodine-131 monitors and
tritium monitors, were designed, developed and fabricated for
Installation In the laboratoties and plants of DAE units. During
the last 5 years, 60 monitors of various types were committed for
fabrication, SO of which are already fabricated. Some of the
laboratories and plants where the monitors were installed are
FBTR, Dhruva, TAPS, RAPS, Radio Metallurgy and Radiochemistry
labs of RRC, Fuel Reprocessing Plant, RRC, Radiometallurgy and
Radiochemistry laboratories of BARC, High level Waste Management
Tarapur etc. Since there is no other agency in the country to
fabricate these monitors, they would have been imported had they
not been fabricated here. The cost of importing these monitors
would have been over Rs.30 lakhs in F.E. For most of the monitor
types, the technology is fully developed indigenously and efforts
are being made to transfer the knowhow to some suitable manufacturer.

Publications : A-117

Programme Status : Continuing from 1965.
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RM

Title : Development of a Detector for continuous monitoring of
Tritlum-ln-Water

Investigators : A.N. Singh, McV. Jamana Murthy and M. Rathnakaran

Summary : The development of a new detector for continuous monitoring
of trltlated water Is described. The detector consists of a
flow cell packed with about 1 go of plastic sclntlllator In
the form of sponge. The sponge Is made from 5 jum plastic
sclntlllator films. The technique developed to prepare the films
consists of dissolving the plastic sclntlllator in a solvent and
pouring that solution over the surface of water in a tray.
Eacn cc of the solution contains 30 mg of the plastic seinti-
Uator, the solvent being a mixture of 90Z ethyl acetate and
107. amyl acetate. The solution spreads over the surface of
water and the film gets ready in 5 minutes. The surface area of
each film weighing 150 mg is about 450 cm and 7 films are
packed in the flow cell one over the other after wetting In
distilled water. The sponge formation takes place under pressure
after the lid of the flow cell is tightened. The detector
permits water flow rates upto 500 cc per minute under gravity
pressure. For the passage of 1 /jel/cc of tritlated water,
the coincidence count rate is 1000 cps and the background is
0.5 cps.

Publications : C-25, C-29

Progr Status : Completed in 1983.

R M - 9

Title : Multichannel Analyser Systems for Nuclear and X-ray Pulse
Spectronetry

Participants : R.K. Varma and S.B. Nadgir

Summary: 1. Portable Multichannel Analyser: A 256 channel portable
pulse height analyser was designed and fabricated using CMOs
integrated circuits. This instrument has a 10 MHz ADC and
provision for printing out on a small parallel printer Epson
Model J10. X and T DAC's are also provided and the spectrum can
be monitored using an external oscilloscope. This instrument
can work on a 12 volt car battery.
2. 2048 channel pulse height analyser : A 2048 channel pulse
height analyser was fabricated with • Canberra 8070 ADC. The
data acquisition system was designed using CMOS IC's. There
are provisions nade for multiple region of interest, print out
on parallel printer and teletype and for plotting on a strip
chatt recorder. This instrument is being used in the energy
dispersive x-ray fluorescence system.
3. 256 channel multl-scaler: A multichannel sealer with 256
channels has been developed. Dwell times of 100 usec to
10 sec are provided which can be selected by front panel controls.

Programme Status : Completed in 1983-
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R M - 10

Title : Development of a Source Control Unit for Portable
X-ray Tube

Participant : R.K. Varma

Summary : The portable x-ray tube has an indirectly heated
cathode, a current control grid, a focussing grid
and an anode. The tube operates at a maximum of SO KV
and 1 mA. A source control unit has been designed
and fabricated to give various low voltages required
for operating the x-ray tube. A commercial SO KV
power supply is used for the target voltage of the
tube.

The source control unit has the following circuits:

1. A regulated 5.8 V filament supply capable of
giving 0.7 A for the tube filament

2. Focusing grid voltage supply of about 230 V DC
adjustable from 200 to 300 V

3. Anode current control grid voltage supply incorpo-
rating error amplifier and current monitoring
circuits

4. Anode voltage control network.

Using the source control unit, the x-ray output stability
of the tube was measured using a Si(Li) detector for a
continuous run of 6.5 hr. by a multi channel sealer. It
was found that x-ray intensity was stable and counts
stored in each channel are well within Che + 3<r
deviatlon.

This x-ray tube is being used for sample excitation in
the energy dispersive x-ray fluorescence system.

Publications : A-113, B-89

Programme Status : Completed in 1982.
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EM - 1

Title : Blolndlcatora for atmospheric trace elements

Investigators: R.M. Trlpathi, R.N. Khandekar and tl.C. Mishra

Summary : Different plant leaves near the road side and other
road side plants like orchids, moss are collected
and analysed for toxic heavy metals like Pb, Cd,
Zn and Cu. These samples are collected at the same
locations where air participate samples are collected.
This study has been started to find out whether sane
particular plants are sensitive and can be used
biological Indicator (biolndlcator) for atmospheric
pollutants like Pb, Cd, Zn etc. which are of auto-
mobile origin.

Programme Status : Started In 1984.

EM - 2

Title t Electrochemical Techniques for toxic metal studies In
the Environment

Investigators : R.N. Khandekar, R.M. Trlpathi and U.C. Hishra

Summary : In our laboratory we successfully utilized the
differential pulse stripping voltamnetry technique for
the routine measurements of toxic heavy metals 1 ke
Pb, Cd, Zn and Cu in air particulates, water, soil,
food, cigarette smoke, tobacco, coal, fly-ash, phos-
phatlc fertilisers and biological samples like blood,
teeth etc. A procedure was developed and standardised
for the estimation o2 Se in environmental samples by
differential pulse cathodic stripping voltamaetry.
A scheme for the determination of different physico
chemical species for different metals In fresh vater
samples Is under development.

Publications x A-40, B-31, B-32.

Programme Status : Continuing since 1981.
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E M - 3

Titl« : Elemental composition of urban aerosols as analysed
by X-ray fluorescence Method

Investigators t B.S. Negi, S. Sadaslvan and U.C. Hiahra

Summary t Using energy dispersive X-ray fluorescence analysis, the
concentration of major and s o w trace elements (Si, S, Cl, K,
Ca, Ti, Fe, Zn and Fb> in the air particulate samples at 'Bombay
(Trombay), Bangalore, Jaipur and Hagpur war* determined. Factor
analysis of data for Trotfray samples shoved that four sources
other than sea salt were necessary to explain the observed
aerosol composition. The concentration levels of anthropogenic
elements varied widely during diurnal cycles - the maximum
variation by a factor of 15 occuring in Pb concentrations.
The local basalt weathered soil was auggested as the source material
for the major elements of the crustal origin measured in the
aerosols. The large number of data on elemental concentrations
obtained by analysing 48 hr or 72 hr samples for nearly one year
duration will be subjected to Statistical methods to Identify Che
pollution sources and their contributions to aerosol composition
at the sampling sites.

Publications : B-92

Programme Status : Continuing since 1983.

E H - 4

Title : Toxic heavy metal exposure of Bombay population through
biological monitoring

Investigators : R.N. Khandekar, Radha Raghunath and O.C. Mlshra

Summary : Toxic heavy metals like Pb, Cd, Zn, Cu, As were measured in
blood and teeth samples of Bombay population. Child population
(age group 5-12 years) monitoring was given special attention
as this group Is considered ct high risk. Children in central
parts of Bombay city showed higher blood lead levels than their
counterparts in suburban area. The adult blood lead measure-
ments Indicated that men have higher blood lead than women.
Toxic metal content in teeth of Bombay residents were measured
and the results did not show significant difference between the
metal content in teeth of male and female. Toxic metal (Pb, Cd
and Zn) content In teeth Increased with age.

Publications : A-42, B-32, B-33.

Programme Status : Continuing since 1982.
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EM - 5

Title : Reactive Hydrocarbon* in Trombay region and development
of techniques for the quantitative determination of
hydrocarbons

Investigators : A.H. Mohan Rao, Turn,
R. Rajagopalan

A.J. Netravelkcr and

Summary i Reactive hydrocarbons play aa Important tola la
the formation of osone at ground level and in the
oxidation of sulphur dioxide. Trombay region has
a number of industries such as oil refineries, chemical
plants and thermal power plant, which are potential
sources for atmospheric hydrocarbons. Hence the
concentrations of some of the reactive hydrocarbons
such as ethylene, propylene and acetylene were deter-
mined at Trombay by gaschromatographlc technique,
A chemilumlnescent detector was designed and fabricated
for the selective determination of these hydrocarbons
with a gasehromatographic ayatem. Methods were
developed for pre-concentratlon of the atmospheric
hydrocarbons at cryogenic temperatures. The seasonal
variations of the hydrocarbons at Trombay, Bombay have
been determined. Current efforts are augmented to
determine other non-methane hydrocarbons In the Deonar-
Trombay region. Nitrogen oxides and ozone concentrations
were also determined by chemical methods in order to
understand the atmospheric chemical reactions involving
the non-methane hydrocarbons and the oxides of nitrogen
leading to the formation of ozone.

Publications t A-75, A-87, B-63

Programme Status : Continuing since 1982.
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EM - 6

Title t Assessment of Environmental contamination by toxic
heavy metals and its impact on human health

Investigators : R.N. Khandekar, R.M. TripaChi, Radha Raghunath
and U. C. Hishra

In orc>.:r to assess the exposure of human population
in Greater Bombay to toxic heavy netals, an integrated
approach of monitoring air, water, food and soil for
toxic metals like Pb, Cd, Zn and Cu was undertaken.
Atmospheric concentrations of Pb, Cd, Zn and Cu were
measured at various locations in Greater Bombay to
deternlne the ambient concentrations, their size
distribution and chemical characterization. The atmos-
pheric metal aerosols had a blaodal size distribution.
Surface soil samples showed a steady increase in metal
concentration. Of the three major sources of exposure,
food, water and air, food was found to be the greatest
source of Intake of toxic heavy metals (75-852), water
was next ( ro 102) while Intake through air «a» lowest.
Based on the present studies it can be said that the
concentration levels of toxic heavy metals in the
environment of Greater Bombay have reached to such
levels that immediate efforts will have to be made to
control these levels to avoid excessive exposure of the
general population to toxic metals.

Publications : A-39, A-41, A-43, C-13

Programme Status : Continuing since 1981.
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EM - 7

Title : (a) Assessment of total suspended particulate natter and
their elemental composition at four sites In Bombay

(b) Studies on aerosol size distribution and their chemical
composition at BARC and Chembur-Trombay Industrial area

Investigators : T.N. Mahadevan, V. Meenakshy and O.C. Mishra

Summary : Size separated aerosols from 2 sites and TSPM from 4 sites
were collected during a 12 month period. 8 stage cascade
'lnpactor vas used for size separation studies and milllpore
filters for TSPM measurements. The samples were subjected
to detailed chemical analysis for both trace elements and
Ions. The mass distribution Is generally bimodal indicating
both natural and man made sources. Among the various ions
measured S04, NH4, NO3 and Br show a shift towards particles
J( 2.0 urn indicating a gas to particle conversion for these
parameters. Similarly Sb, Zn, Hg, As show prominent contri-
bution in size ̂ 2 . 0 urn. The HMD's were evaluated and their
probable role In atmospheric processes and air quality was
assessed.

Programme Status : Continuing since 1981.

EM - 8

Title i Precipitation scavenging of atmospheric trace participate
constituents

Investigators : S.C. Ashawa and D.N. Kelkar

Summary : A very large fraction of the atmospheric aerosol Is brought
down by the precipitation. Investigations were carried out
to find the relevant values of the parameters used in describing
the relationship between elemental concentration In rain water
and the amount of rain fall. Concentration of Cu, Cd and Pb
in rain water samples were determined by a very sensitive
analytical technique, i.e. differential anodic stripping
voltatnsetry. The relationship between wet deposition of these
elements and the amount of rain fall can be described by a
sower law curve with an exponent value of 0.6. The intercepts
on the Y axis are however related to th air concentration
of the element.

Programme Status : Continuing from 1980.
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EM - 9

Title t Studies on the chemical composition of total and sise
separated aerosols over the marine atmosphere: their source
characterisation and entry into precipitation

Investigators : T.N. Mahadevan, V. Meenakshy and U.C, Mishra

S U M M I T : Very few studies have been made concerning the chemical
composition of aerosols both total and sice separated and
precipitation over the oceans in the Indian sub-continent.
The Monex 79 programme gave an opportunity to better under-
stand the contribution of both marine and continental sources
in a totally undisturbed environment. Samples were collected
aboard IN ship and detailed chemical analysis for both ions
and elements were completed and the data Interpretation is
being finalised.

Publications : A-55

Programme Status : Continuing since 1979.

EM-10

Title : Source contributions to the atmospheric aerosols

Investigators : R.R. Kamath and D.N. Kelkar

Summary : Knowledge of the composition of aerosols astd delineation of
the major sources of atmospheric pollutants in a given air
shed are the prerequisites for effective control of particulat*
natter in the atmosphere. A very sensitive technique i.e.
Instrumental neutron activation analysis was used to aaaeaa
the composition of aerosols in Bombay. The sources were
delineated using the Chemical Element Balance approach. A
major fraction of ehe atmospheric partlculate Matter In
Bombay can be accounted for by five sources, I.e. soil,
fly-ash, sea-salt, auto exhaust and iron and steel aerosols.
Studies are in progress to evaluate the seasonal effects.

Publications : A-37, A-38

Programme Status : Continuing since 1978.
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EM - 11

title : Assessment of harmful constituents in tobacco and tobacco smoke

Investigators: G.N. Shaikh and U.C. Mlshra

Summary : Cigarette smoking is known to be causative factor In the lung
cancer. India is the third largest country in the world In
•tobacco production and 80X of it is consumed in the country-,
An automatic smoking machine was developed to simulate the
actual smoking pattern. Trace elements such as As, Br, Cr*
Cd, Eu, Fe, Hg, Hf, K. La, Mn, Rb, Sb, Sc, Zn were determined
by neutron activation analysis, followed by Ge(li) gamma
'spectroscopy with multichannel analyser connected to micro-
processor. In cigarette,bid!, chewing, pipe and suuff tobaccos.
Some elements were determined by X-ray fluorescence technique.
S, Cl, K, Ca, Ti, Fe, Ni, Cu, Zn, Pb, Br, Kb and Sr were
determined in tobacco and tobacco smoke by XRF. Cd, Cu and
Pb in tobacco and tobacco smoke were determined by Anodic
Stripping Voitammetry.

Size separation studies of cigarette smoke was done by using
4 stage cascade Impactor and employing INAA method. Mass
Median Aerodynamic Diameter (MMAD) was evaluated to be 0.4 pa
for Br, Ka, K and Fe. Based on this data the deposition and
retention in the respiratory tract was calculated by applying
the ICKP lung model. The levels of CO were determined by CO
Monitor developed in the Section. Some Important findings
of the work are as follows:

1. Bldi smoke has 3 times higher TPM than that of regular
size cigarettes and double that of king size cigarettes.

2. Filter tip cigarettes have 20 to 25Z less TPM than the
non-filter cigarettes while king size cigarettes yield
20 to 30Z more than the non-filter cigarettes.

3. The yield of TPM Increases from 40 to 1002 if the persons
smoke from 2 to 4 puffs per minute, and there Is a variation
In TPM varying from 20 to 30Z for the different variation In

butt length and puff volumes.
4. TPM of Indian cigarettes vary fro* 20 to 30 Kg, while

American cigarettes vary froa 10 to 15 ag In their TPM.
5. Carbonmonoxlde levels in bldis are In the range of 4 to 7X,

while In cigarette it is 1.5 to At. Thus levels of carbo-
haenoglobin In bldi smoker would be double the cigarette
smoker, which Is about 10Z.

6. Levels of Selected toxic elements In tobacco are found as
follows:
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Elenent Level In ppa

As 0.1 - 0.5
Cd 0.1 - 0.5
Cr 1.1 - 8.2
Cu 1 1 - 7 9
Hg 0.02 - 0.1
Mn 112 - 165
Ni 1 - 9.6
Pb 0.7 - 8.6
Sb 0.06 - 0.27

Publications' : A-68, A-69, A-71, A-72, B-93.

Programs Status : Completed In 1984.
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E M - 12

Title t Geochemistry of offshore sediments

Investigators : S. Sadaslvan and A.V. Murali+

Stasury t Natural radioactivity (II, Th and K by gamma spectrometry)
and major, minor and trace element concentrations (by
IHAA and EDXRF) were measured in twenty two core samples
(250 m to 2540 n depths) consisting of shales and lime-
stones from the Arabian Sea off the west coast of India.
The radioactivity has shown that these samples were
marine shales and marine black shales. An abrupt break
in the K/Th, K/U ratios as well as in minor and trace
element values were observed at 1620 m depth. Thermo-
luainescence dating of these samples were carried out
by Dr. K.S.V. Hambl (Health Physics Division) and break
in the TL age vs depth, also at 1620 m depth was observed.
It was concluded that this break in the chemistry was
due to change of deposltional environment and/or change
In provenance of the sediments as a consequence of a
major tectonic fault in the west coast.

The overall REE abundances and patterns of these sedi-
ments are comparable to the upper flows of Mahebcleshwar
region. From the REE and trace element data it was
possible to conclude that (a) these sediments are derived
by weathering and transportation of upper Deccan trap
flows and (b) the elemental abundances are related to
d a y and detrital components In the sediments.

The elay fraction in these shales was separated and the
clay types Identified by x-ray dlffractograms. INAA
of the clays enabled estimation of REE,Cr,Ti,Fe, Se, Co,
Bb, Cs and Bf. Thus the study also provides baseline data
on clay types and their trace element composition. The
clay data also showed the break in chemistry that has been
noted earlier. The results are being analysed to obtain
information on the provenance of these sediments.

Publications : A-104, A-109, B-90, B-91

Programme Status : Completed in 1984.

+ Analytical Chemistry Division, BARC.
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EM - 13

Title t Studies on Environmental carcinogen benzo(a) pyrene

Investigator* : A.M. Mohan Rao, R. Rajagopalan and A.J. Netravalkar

Summary : Benzo(a)pyrene is a recognised environmental nutagen and
carcinogen. We conducted surveys for determination of
benzo(a)pyrene in urban, suburban and rural regions
of Bombay. We studied also the particle slse distribution
for SaP-containlng aerosols and It was observed that the
size distribution was different for different sources of
BaP such as coal burning and auto exhaust emissions.
These studies were carried out as a part of an IAEA research
contract on comparative study of cancer risks from exposure
to effluents from fossil fuelled and nuclear power stations.
During the course of our studies on benzo(a)pyrene, we
developed analytical techniques for the quantitative
determination of benso(a)pyrene in partlculate matter.

Publications: A-73, A-74, B-58

Programme Status : Completed in 1984.

EM - W

Title : Electrodeposited lead dioxide solid sensing technique
for use in extensive area wide monitoring of S02
and fluoride in ambient air

Investigators : T.N. Mahadevan, V. Meenakshy and D.C. Mlshra

Summary : Sulphur dioxide and fluoride levels In ambient air has
been widely used as Indicators of community air quality.
In this regard the electrodeposited lead dioxide plates
developed In the Section for SO, was found to be effective
also for fluoride measurements and had several advantages
over other samplers In use.

Dslng these sensors an extensive survey was carried out
In Bombay for S02 and fluoride. The concentration lsopleths
Indicate various source areas and their dispersal In the
environment.

Publications : A-57, A-S8

Programme Status : Completed in 1984.
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EM -15

Title : Studies on the chemical composition of precipitation in
the Chembur-Trombay industrial area

Investigators: T.N. Mahadevan, V. Meenakshy and U.C. Mishra

Summary : An extensive rainwater sampling programme was carried
out in the Chembur-Trombay region and detailed chemical
analysis was done both for ionic and elemental compo-
sition. F and NO3 levels were maximum near the
fertilizer industry and sulphate excesses were found
at most of the sites. The rainwater was generally alkaline,
the trend being reversed from the earlier period when
mostly add rains were observed. Probable source Identi-
fication were possible through enrichment factor and
elemental ratio calculations.

Publications: A-56

Programme Status : Completed in 1984.

E M - 1 6

Title : A case study on the criteria for air quality in the
siting of a 4 meter optical telescope in a remote
area in North India

Investigators : T.N. Mahadevan, B.S. Negi and 0.C. Mlshrs

Sounary : Tbe Reactor Control Division, BARC who are co-ordinating
the preparation of the conceptual report for a 4 meter
telescope project at Mallikadevi, 200 kits, from Nainital
wanted a study on participate loading In the environment
to be undertaken by the Air Monitoring Section in view
of the presence of a msgnesite factory S km from the site.
The survey extended for a period of S months specifically
for the TSPM measurements. Detailed analysis of the samples
for their chemical element composition was completed. Pre-
cipitation samples were also collected. The results indicated
soil as the major contributor of TSFM followed by forest
fire smoke. The magnesite industry emission was not
detected at the surveyed site.

Publications: B-73

Programme Status : Completed in 1984.
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EM - 17

Title : Air quality survey at TAPS Colony, Tarapur;
Sulphur dioxide and fluoride

Investigators: V. Meenakahy, T.N. Mahadevan and U.C. Mlshra

Summary : A detailed air quality survey was carried out for
SO9 and fluorides In and around the TAPS residential
colony as desired by the SRC/DAE. This was In
continuation of a preliminary survey which Indicated
the levels to be higher In comparison with the back-
ground levels observed In 1974 before MIDC declared
the area as chemical rone for the establishment of
a number of chemical industries. The results
established -

1) The presence of a major source for SO2
emission and an Independent weak source for
fluorides.

11) The concentration levels of both S02 and F
are within the air quality standards.

Ill) A few pockets within the TAPS residential
area which are in the wake of the plune
registered high SO2 level.

The survey at selected site waa extended upto
Dec. 1984.

Publications : Departmental Report.

Programme Status : Completed la 1984.
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EM - 18

Title ! Size distribution of Aitken nuclei

Investigators : P.V. Joshi and D.N, Kelfcar

Summary : The size distribution of Aitken nuclei Is more variable aa
compared to that of the larger sized particles. Combustion
processes are the major source of both primary and secondary
Aitken nuclei. A comparative study of their sire distribution
at an urban-and rural location (Anushaktinagar & Bhandardara)
was carried out to. measure their concentrations and the size
distribution. As a result of these studies a technique was
developed to calculate the rate of production of the
secondary aerosols in the atmosphere. It is thought that the
rate of production of secondary Aitken nuclei is a better
index for the degree of pollution insteed of the observed
concentrations of nuclei.

Publications: A-35

Programme Status : Completed in 1984.

EM-19

Title t Forage as bloindlcators of fluoride pollution in air

Investigators : V. Meenakshy, T.H. Mahadevan and U.C. Miahra

Summary : Plants have been used as blolndlcators and bloaccusulatora
in pollution studies. This aspect of bloaccuamlatlon by
forage species cyanoden dactylon, a species specific of
tropical environment was studied as part of the fluoride
pollution studies. The correlation between forage fluoride
and atmospheric fluoride levels around fertilizer Industry
was established. The blomagnlflcatlon within the forage
matrix is not infinite suggesting a certain residence
time within the plant. It will be worthwhile to study
the magnitude of bioaccuwilatlon from other sources on
varying species of plant life.

Publications : B-38

Programme Status : Completed in 1982.
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PM - 1

Title : Microprocessor-baBed multipollutant continuous
monitoring system

Investigators : R.K. Varma, C.K.G. Kair, S.B. Nadgir,
J.P.S. Chatha and P.B. Kulkarni

Summary : A microprocessor-based system for continuous monitoring
of ambient air for the pollutants SO2, CO, H0 x and Ozone
is being developed. The system will have data processing
capability to provide periodic averages, minimum and
maximum concentrations. The Section has developed
continuous monitors for measuring individually the various
pollutants In ambient air. An air quality data processor
was also developed. The experience so gained is being
utilised in the development of this single system.

The sensors for the pollutants are the same as. those used
for the individual systems, but the Improved design of
circuits and detector assembly Is expected to produce
significant size reduction and improvement in performance.
The principle of detection for each pollutant is given
below:

Sulphur dioxide : Coulometry
Carbon monoxide : Catalytic conversion
Ozone : Chemilumlnescence
Nitrogen Oxides : Chemiluminescence

The microprocessor-based design will facilitate self-
testing of the system at periodic Intervals, providing
reports when fault occurs. These tests include circuitry
testing, zero reading of various monitoring modules and
calibration of the nodules.

The system will also Incorporate a data processor for
real-time processing of data obtained from the different
modules of the system. Built-in printer (24 column)
provides alphanumeric printout. LED display and switches
on the front panel are used for user-interaction. Provision
for attaching CRT terminal, serial printer and floppy-disc
drives are provided. The processor's monitor ptogram allows
the user for easy interaction with system and also for
executing user's own program (in 6800-Machine language)«•

Programme Status : Started in 1984.
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F M - 2

Title : Air Data Acquisition and Monitoring System (ADAMS)

Investigators : C.K.G. Nalr and R.K. Varna

Summary : This system is being developed around a microprocessor (6800)
and a numeric processor (MM 57409) to acquire and process
data from 8 air monitoring instruments. The computing power
of the system is derived from a super number cruncher
(KM 57409) and real-time is provided by a clock chip
(MM 58174). A CRT terminal and alphanumeric printer are
provided. The system is provided with two nodes of operation
Monitor mode and User mode. In Monitor mode, a powerful
monitor program enables the user to develop, debug and
execute his own program. After execution or at power-on,
the system returns to the monitor and displays the prompt
'OK'. Error messages are provided for easy diagnosis.
In user mode, control is passed OR to the application program
at power-on; As memory and real-time clock are with battery
back-up, processing continues when power returns after
failure. A panel Bwitch selects either of the node.

Programme Status : Started In 1984.

PM - 3

Title : Development of chemllumlnescent technique for measurement
of organic sulfur compounds in the atmosphere

Investigator : P.K. Arora

Summary : Cheniluminescent technique Is being increasingly used in
trace metal analyses, clinical analyses, biomass determination
and air pollution measurements. The sensitivity of this method
for detection of methyl mercaptan, ethylmereaptan and dlmethyl-
sulfide was Investigated in this laboratory and it was found
to be In sub ppb range. This was better by a factor of 3 to
10 than the best flame photometric detector. It la planned to
determine the sensitivity for other sulphur compounds such as
CS2, thlphene and H2S. Permeation tubes for CS2 and thiophene
will be developed. When coupled to a GC column, the system
will be used to determine the organic sulphur compounds in
the atmosphere.

Publications : A-75

Programme Status : Continuing since 1983,
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P M - 4

Title : Cheallumlnescent NOg monitor as a safety device In
Industrial operations

Investigators : J.P.S. Chatha, R.K. Vanna, P.B. Kulkarni and
S.B. Nadglr

Sunaary x N0x monitors for ambient atmospheres have been developed
earlier In our laboratory. In the present work, development
of an N0x + NH3 monitor for measuring concentrations of these
gases In flue glas from cracker unit of ammonia based heavy
water plants and to act as an early warning system for any
possible leakage of ammonia waa undertaken. In the cracker
unit natural gas or naptha is used as a fuel for heating
metal Cubes through which NH3/ND3 Is circulated at high
pressure. At a constant burn up rate of the fuel a steady
concentration of N0x is established In the flue gas. Any
possible leakage of ammonia from metal tubes in the cracker
unit will lead to increased concentrations of N0 x in the
flue gas. Flue gas from the cracker unit contains large
amounts of moisture and Carbon dl-Oxlde. The gas is cooled
to room temperature and condensible moisture Is separated.
The gas is then passed through a thermal converter which
Is an Integral ?art of N0x Monitor and NO2 and NH3 are
converted to n .trie oxide. Temperature in the converter
is kept constant by a sensitive temperature controller to
obtain stable conversion efficiency. After conversion,
gas is made to react with ozone In a steel reaction chamber.
Ozone is generated internally in the instrument. Light
emitted in the reaction is detected by a photomultiplier
tube. The Instrument has three ranges from 0-1000 ppm
with minimum detection limit of 0.3 pptn. Response time
is 5 seconds. The Instrument can be used In two modes,
i.e. N0 x and N0x + NH3 node. It has a facility of alarm
if the concentration of N0x -I- NH3 goes above a set level.
This set point is continuously variable from 1-1000 ppm.
One such monitor has been installed at each of the heavy
water plants at Baroda and Tuticorin.

Programme Status : Continuing since 1983.
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Title : Chemllualnescent monitor for hydrogen sulphide

Investigators : J.P.S. Chatha and P.B. Xulkarnl

Summary : Hydrogen sulphide has both natural as well as nan made
sources of release to the atmosphere and is very toxic.
At high concentrations it has lethal effects and can go
undetected by human beings. Therefore It Is necessary
to have fast response detection systems with detection
levels much below the threshold limiting value. One
such system has been developed in our laboratory. It Is
based on chemlltimlnescent emission from the reaction of
ozone with hydrogen sulphide. Light emission In the UV
region Is filtered through an OX 7 filter to minimise
interference from oleflnic compounds and oxides of nitrogen.
The Instrument has three ranges covering upto 1000 ppm
with a minimum detection limit of 50 ppb. Its response
tine is 1 minute In 0-10 pp* range and 10 seconds In
higher ranges. It can be used for real time continuous
monitoring of HtS around Industrial plants.

Programme Status : Continuing since 1983.

PM - 6

Title : Design, development and fabrication of infrared heavy water
vapour stack loss monitor

Investigators : R.N. Sachdev, G. Swamp, K.K. Raj an and J.P. Gupta

Summary : It la customary in natural uranium fuelled, heavy water
moderated reactors to use stack loss monitors for the
loss of expensive heavy water. Infrared technique deve-
loped as a tool for measurement of gases and vapour.i,
was utilised to design a stack loss monitor. Small,
quantities of D20 released in the environment get
easily converted Into HD0. The stack loss monitor works
by measuring the extent of absorption of Infrared radiation
by HDO at its characteristic absorption band centered at
3.68 /urn. It Incorporates an affective path length of
2.5 meters and has a range of 0-1000 ppm.

Programme Status : Continuing since 1981.
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P M - 7

Title i Optical, mechanical and thermodynamic considerations In
designing of infra-red gas analysers

Investigators : G. Swarup, R,N. Sachdev, J.P. Gupta and K.K. Raj an

Summary : The sensitivity of a Infra-red gas analyser depends on the
intensity of that part of the emitted spectrum which embrace*
the absorption band of the gas being analysed, the path
length of the sample cell and the sensitivity of the pneumatic
detector sensitised with the same gas which it Is required to
measure. The system requires an Intense 1R source, long path
sample cell and a sensitive IR detector along with the mechanical
chopping and electronic subassemblles. Detailed studies were
carried out on the design aspects of these subasseablles. For
overall design considerations the problem of noise was studied
In detail and Infra-red gas analysers for measurement of CO,
0C>2» SOj, CH^ and HDO vapours were designed.

Publications : A-99, B-83, B-105

Programme Status : Continuing since 1979.

PM - 8

Title : Development of a semi-automatic dust monitor using ^-absorption
principle and surface barrier detector

Investigators: R.K. Varma and P.K. Chugh

Summary : A prototype model of dust monitor using modular electronics
and Geiger Muller detector was developed earlier by Zutshl,
Chugh and Mahadevan and dust load levels were monitored in
modular laboratories. A more compact, rugged and more
sensitive Instrument for field use has now been developed.
This system was designed and fabricated using silicon surface
barrier detector of area 250 am2, Pallflux filter paper and
a c source. The electronic cards Incorporated In the
Instrument comprise of low voltage power supply, preamplifier,
amplifier, timer, updown counter and detector bias supply.
The final testing la almost over and the Instrument Is ready
for calibration.

Publications : A-123

Programme Status : Completed In 1984.
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PM - 9

Title t Fluorescent sulphur dioxide aonltor for ambient air

Investigators : J.P.S. Chatha and P.B. Kulkarni

Summary : Sulphur dioxide is one of the most important atmospheric
pollutant next only to suspended partlcula' matter. A
highly sensitive sulphur dioxide monitor i-.: measuring
atmospheric concentrations has been developed in our
laboratory. It is based on fluorescent emission from
sulphur dioxide molecules on excitation by ultra violet
radiation. Light from a sine discharge lamp is filtered
by 214 nm Interference filter and focussed into fluore-
scence cell by a quarts lens. Fluorescent emission from
excited SO2 molecules Is passed through an OX 7 optical
filter and measured by a photomultiplier tube. Intensity
of . exciting beam is also measured to correct for scattered
light and changes in fluorescent emission due to changes in
lamp intensity. The signals are processed electronically and
displayed on a digital panel meter. 10 mv d.c. output is
available for recorder. The monitor has two measuring ranges,
0-500 ppb and 0-10 ppm with minimum detection level of 10 ppb.

Programme status : Completed in 1984.

PM - 10

Title : Development of an Air Quality Data Processor

Investigators : C.K.G. Nair and R.K. Varna

Summary : A system was developed around an LSI numeric processor
(MM 57109) to acquire and process data from h air monitors
(extendable upto 8 monitors). The system consists of •
real-time clock, <tfediglt ADC (ICL 7135), 8 analog channels
(CD 4051), numeric processor and the necessary control
circuit. The processing Involves computation of arithmetic
mean, geometric mean, .maximum and minimum for every hour
and the results are printed out on a numeric printer. The
printout also provides the number of valid readings taken
during the hour and the number of negative ( < IX of fullscale),
zero over-range and rejected (negative by more than IX of full-
scale) readings. Similar computations are carried out at the
end of the day (i.e. at mld-nlght, zero hour) using hourly
data retrieved from CMOS memory having battery back-up.

Publications : B-65

Programme Status : Completed in 1983.
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PM-H

Title : Energy Dispersive X-ray fluorescence system for environmental
applications and methods of XRF analysis

Investigators : S. Sadaslvan, S. Datta, R.K. Varma and U.C. Mishra

Summary : A comprehensive energy dispersive X-ray fluorescence system
using both radioisotope and tube excitation was set up in the
Section. Apart from designing and making cryostat for the
Si(Ll) detector, repair and regeneration of vacuum in
Imported detector assemblies were also undertaken. Two
Si(LI) detectors one with a resolution of 175 ev at 5.9 kev
and the other with a resolution of 260 ev were used for
measurements. Various irradiation geometries were optimised
and proper source and sample holders designed and fabricated.
Suitable analysis methods for environmental samples vis.
soil, coal, fly-ash, fertilizer and air filter collections were
developed and adopted.

Publications : A-110, A-113, B-14, B-89, B-92

Programme Status : Completed in 1982.

PM-12

Title : Theoretical and practical considerations in designing of
opto-acoustic detectors for IR gas analysers

Investigators : J.P. Gupta and R.K. Sachdev

Summary : The fundamental property of heteroatoaic Molecular gases
and vapours to absorb at least at one characteristic
wavelength in middle infra-red region has bee?- utilised
to design detectors for use in infra-red gas analysers.
The opto acoustic detector works by sensing compressions
and rarefactl- -fj of the gaseous molecules in the front
compartment of the device, caused by chopped Incident
radiation. The characteristics of the detectors have been
studied experimentally and explained based on Beer-Lambert
law as well as on Einstein coefficient for Induced
absorption. Models have been proposed for resonant as well
as non-resonant cavities of the detector.

Publications : A-19, A-20

Programme Status : Completed in 1981.
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PM-13

Title : A Digital Data Averager for Continuous Air Monitors

Investigators : C.K.G. Nair and R.K. Varma

Sunaary : An Instrument for printing tiae average of continuous output
from air Monitoring Instruments was developed with the
objective of saving many nan-hours spent in reading and
processing data from conventional strip charts* The systea
was designed using SSI and MSI digital ICs end it provides
print out of the average of data collected over « pre-set
period froa an air aoultor having full scale reading of 0-10 «V
or 0-1 V. Averaging tiae is user-selectable.

Publications: A-80

Progracae Status : Coapleted In 1900.
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AS-1

Title : Measurement of atmospheric aerosols and small ions

Investigators: P.V.N. Malr and V.D. Savant

Summary : Assessment of environmental quality and inhalation hazard eva-
luation necessitates measurement of concentration of particulate
matter in the atmosphere. A condensation nucleus counter was
used to measure the concentration of particles smaller than
1000* A in radius, at BAKC Hospital throughout the day. The
diurnal and seasonal variations estimated from the data help in
assessing the production rate and residence tine of particles
In the local atmosphere. Measurements were carried out using
automatic nucleus counters developed in Air Monitoring Section.
Variations of temperature and humidity during the day were also
recorded. An atmospheric ion analyser was used to measure the
concentration of small ions in the area during favourable conditions.
Their concentration was found to be inversely related to the concen-
tration of condensation nuclei at any time. Correlation of the
concentrations with relevant meteorological conditions are to be
studied. It Is proposed to carry out the measurements at BARC
Hospital regularly In collaboration with other groups doiug
related work.

Publications: A-35, B-69

Programme Status : Continuing since 1981.

AS-2

Title : Assessment of the Risk from the Inhalation of Conversion Aerosols
Carrying Atmospheric Radioactivity

Investigators: M.C. Subba Ra»u and T.S. Huraleedharan

Sunmary : The assessment of the risk to the lungs from the inhalation of
aerosols carrying the daughter products of Rn gas is Important
because of Its implications in the studies of cancer occurrences
amongst uranium mine workers. Taking into consideration the facts
that (a) 12Z of the total unattached Ra-A is deposited in the lung,
(b) the attached fraction in the size range 0.1 to O.Sin dta are
bydroscoplc in nature, (c) the biological half time of 'the deposited
activity in the T-B region is 10 mts, (d) the masses of the T-B
tissue Irradiated by the 6 HeV and 7.69 MeV are 1.96g and 2.96g
respectively and (e) the exposure times for ambient air and mine
air are 24 hreand 8 hrs respectively. It has been estimated that
the dose to the T-B region of the lung due to breathing of radon
daughter products In the atmosphere and the uranium mine environ-
ment will be 21 and IS jn Gray/Bq.hr/litre.

Publications : A-77, B-102

Programme Status : Continuing since 1981.
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AS-3

Title : Condensation nucleus size analyzer (CNSA)

Investigators : P.V.N. Nair, D.V. Padma and V.D. Savant

Sutnary : Condensation nucleus counter can be used for aerosol size
analysis only if a size-super saturation profile Is established
over a suitable size range. A CNSA utilising pressure defined
expansion and designed to cover Kelvin equivalent sizes fro*
10 A to iOOO A is being developed in the Section. Expansion
chamber with a newly designed expansion port for rapid
expansion, optical aystea utilising laser illumination and
a T.V. camera are utilised for controlled expansion and
immediate scanning of a cloud, nucleated by the sample
aerosols. Image processing is being planned to obtain the
size distribution of samples In the concentration range of
102 - 10° aerosols/cm' using 10* - i(P cm^ of a sample.

Publications: A-83, A-88, B-70

Programme Status : Continuing since 1981.

AS-4

Tide : Condensation nucleus counter studies

Investigators : P.V.N. Nair, D.V. Padma and V.D. Sawant

Summary : Condensation nucleus counter is widely used for rapid
counting of aerosols in the submicron size range. However,
the threshold size for detection In the nucleus counter and
its potential for size analysis are still under Investigation.
A new method of study of a pressure defined expansion type
nucleus counter Is being developed and successfully used in
this laboratory for estimating supersaturatlon attained In
the counter. The threshold size for detection in a commer-
cially available nucleus counter Is also estimated. It Is
shown that there Is considerable deviation from Ideal
reversible adlabatlc behaviour generally assumed for nucleus
counters. It Is also shown that the number concentration
of particles smaller than 50 A measured by the counter is
underestimated.

Publications : A-83, A-88, B-70

Programme Status : Continuing since 1980.



As-5

Title : Growth of aqueous solution droplets

Investigators : P.V.N. Nair, D.V. Padma, P.V. Joshl

Suanary s Estlnatlon of growth of aqueous solution droplets at
high relative humidities Is Important for Inhalation
hazard evaluation and environmental stuldes. Based
on theory developed earlier, values of equilibrium
sizes and composition of uncharged and charged aqueous
solution droplets of HMO* and HC1 at ?5*C, different
relative humidities ranging frcn 5 to 10135 and solute
vapour activities from 10* to 10' were computed. Thres-
hold concentrations for heteromolecular nucleatlon
of HH03 and BC1 at 40, 30, 20, 10, 0 and - 10*C were
also estimated. It was shown that atmospheric concent-
rations of BNO and HC1 can participate in nucleatlon
at temperatures below 20*C and relative humidities
above 98%. It was also shown that ion induced nucleatlon
has no threshold. Similar studies on solution droplets
of ammonia, ammonium chloride and ammonium suxphate are
in progress.

Publications: A-84, B-67

Programme Status : Continuing since 1980.
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A S - 6

Title : Formation of Altken particles from the reactions of
Trace Gases Involving SC^, 0^ and CjH^ and Ionlsatlon

Investigators : T.S. Muraleedharan, M.C. Subba Rarou and E.G. Vohra

Summary : Altken particles are a major component of the atmos-
pheric participate matter and they are predominantly
formed from the gas-to-partlcle conversion reactions
of Si>2 with oxldants like O3 and radicals produced
by reaction of O3 with hydrocarbons like C2H4. Natural
Ionising radiations are found to enhance the particle
formation. Measurements of the daily variations in
the atmospheric content of freshly formed aerosols, SO2,
O3, C2H4, RH and radon daughters were made. Statistical
analysis of the data has shown the existence of1 signi-
ficant linear correlation between particle tormation
and SO2 under constant levels of O3 and Rn. Similarly
particle formation is found to be correlated to a
product of SO2, O3 and Rn. Significant values of
multiple correlation coefficient were observed between
particle formation and S02, 03, C2H4, Rn and RH (relative
humidity). It was inferred that SO2 Is the primary
component of the aerosol forming reactions ana that

3,
h

and RH help these reactions and Rn daughters3 y^
enhance the particle formation. A series of controlled
experiments under simulated atmospheric conditions
established the Importance of O3, C2H4 and ionlsation
in the conversion of SO2 into H2SO4 aerosols. These
experiments help In explaining the formation of secondary
aerosols in the atmosphere from the gas phase reactions
of SO2 and also suggest a possible method of controlling
SO2 effluents from Industrial exhausts.

Publications : A-78, A-122, B-64, B-98, C-31.

Programme Status : Completed in 1984.
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AP-1

Title : Assessment of the Contribution of oxides of Nitrogen to
the Formation of secondary Aerosols In the Atmosphere

Investigators : M.C. Subba Ranu and T.S. Huraleedharan

Summary t Oxides of nitrogen in the atmosphere get converted to
nitrates in the presence of hydroxyl and peroxyl radicals.
However, studies of the mechanism of formation of the nitrate
aerosols are only a few and even these are not complete.
Also the variations in the sizes of the sulphate and nitrate
aerosols in the atmosphere observed in some studies have not
been explained satisfactorily. Hence studies of the measure-
ments of oxides of nitrogen, ozone and hydrocarbons In the
atmosphere and laboratory experiments to study the mechanism
of forming nitrate aerosols and a study of their behaviour
have been planned and preliminary measurements are being
carried out. Role of ionlsation In the formation of nitrate
aerosols will also be studied.

Programme Status : Started in 1984.

AP-2

k

Title : Studies on chemlluminescent reactions of Ozone with
heterocyclic compounds

Investigator : P.K. Arora

Summary : Chemilumlnescence studies are a subject of current interest
since it relates to fundamental molecular Interactions and
transformation and Its study provides access to basic elements
of reaction mechanism and molecular properties. The presence
of chemllumlneacence in a chemical reaction can also be used
for developing a method for the measurement of « reactant.
Many of the heterocyclic compounds, even though present at
low levels play an Important role In atmospheric reactions
because of their high reactivity. They lead to the formation
of radicals and other reactive species. .It is planned to
•tudy the reactions of ozone with methylpyrrole, pyrroline,
pyrazollne, thioazole etc.

Publications : A-3, A-5

Programme Status : Started in 1982.
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AP-3

Title- : Chemllunlnescent reactions of ozone with organic sulfur
compounds

Investigators : P.K. Arora and J.P.S. Chatha

Summary : The chemistry of sulfur compounds In the atmosphere la
not well understood. Therefore the reactions of ozone
with a large number of sulfur compounds such as CS,,
thiophene, dimethyl sulflde, dimethyl dlsulflde, dlethyl
sulflde, thlophenol etc. were Investigated. Emission
from excited SO, was observed In all these reactions.
From the analysis of spectra It was observed that SO is
a common radical Intermediate and its formation is quite
efficient In these reactions. These radicals may play
an Important role in the formation of sulfuric acid
aerosols.

Publications : A-A

Programme Status : Continuing since 1981.

AP-4

Title : Chemllumlnescent reactions of ozone with oleflnic compounds

Investigators : P.K. Aroga and J.P.S. Chatha

Summary : The chemllumlnescence produced In the reactions of ozone
with oleflnic compounds Is being extensively used In number
of air pollution monitors. However, the mechanisms for the
formation of excited species are not well understood. To
understand this, the chemiluminescence reactions of ozone
with ethylene, vlnylbromlde, tetra methyl ethylene etc.,
were Investigated under various experimental conditions.
It was found that crlegee intermediate Is not responsible
for the formation of HCHO and the probable mechanism is the
decomposition of dloxetanes formed by y3-H abstraction
or 1-2 H migration. Further studies are. underway to confirm
these mechanisms.

Publications : B-6

Programme Status : Completed In 1984.



: 45 :

A P - 5

Title : Generation of Benzo(a)pyrene-Tagged Aerosols

Investigators : M.C. Subba Rarau, A.M. Mohan Rao and R. Rajagopalan
Summary : Aerosols tagged with benzo(a)pyrene can be used for studying

the metabolism of BaP In experimental animals and for studying
the atmospheric chemical reactions of BaP. Aerosols ( tfy » 1.20
to 1.28) of 0.5 /urn diameter formed by condensation of dl-2-
ethyl hexyl sebacate vapour on sodium chloride nuclei were
generated in our laboratory and known amounts of BaP were
evaporated Into them, forming BaP-tagged aerosols. The amount
of benzo(a)pyrene on the aerosol particles was determined by
chemical methods. The rate of the ozone-BaP reaction vas
determined using the BaP-tagged aerosols. These experiments
gave valuable information on the modification rate for
atmospheric benzo(a)pyrene by reaction with ozone.

Publications : A-76

Programme Status ; Completed In 1964.

AP-6

Title : Chemlluminescent reactions of ozone with monoterpenes
present In the atmosphere

Investigators : P.K. Arora, J.P.S. Chatha and K.G. Vohra

Summary : The reactions of ozone with organic compounds present In
the atmosphere, play an Important role in atmospheric
chemistry. The reactions of ozone with eight monoterpenes
were investigated, since the annual contribution to the
atmosphere of the terpenes from tree and other vegetation
Is very large. It was observed that vibrationally excited
OH (Meinel bands) Is formed in gas phase reactions of ozone
wltho6~plnene, myrcene, c(_ -phellandrene, llmonene and
llnallol. In addition, emission from excited formaldehyde,
glyoxal and methylglyoxal was also Identified. These
studies indicate that many of these reactions may b« a
major source of OR and H0 2 radicals present in the
atmosphere.

Publications: A-3

Programme Status : Completed in 1982.
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LIST OF INSTRUMENTS SUPPLIED TO VARIOUS
DAE UNITS DURING 1979-1984

1. Continuous In-plant air/water radioactivity monitoring systems

Plant <

Monitor type

Fixed Moving Gross
p _r ^_r alpha

Pu-239 Tritiua-ln- Tritiu*-
water in- Air

Rad. Met. Divn.,
BARC.
R.C.D., BARC.
Fuel Reprocessing,
RRC.
Radio Met. Lab,
RRC
Rad. Chem. Lab,
RRC
FBTR
Dhruva, BARC
RAPS
High Level Waste
Management,Tarapur
PREFRE
FRD, BARC

-

8

5

3

3
5
-
2

-
-

-

-
-

-

-

4
-
-
-

-
-

-

-
6

5

3

-
-
-
-

-
-

6

3
-

-

-

-
-
-
-

1
1

Total number of monitors supplied : 57

2, Continuous monitoring systems for gaseous constituents

Oxides of Nitrogen / Ammonia Monitors No. supplied

Heavy Water Project, Baroda
Heavy Water Project, Tuticorin

Carbon monoxide monitors

Phosphorous Plant, BARC
VECC, Calcutta

1
1
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IAEA SUPPORTED PROJECTS

IAEA TECHNICAL ASSISTANCE PROJECT NO. IND/09/06

Period of contract : 1977 - 1979

Tide : Aerosol studies - Characterisation and measurement
of environmental aerosols and carcinogens

Investigators : Dr. K. G. Vohra
Dr. D. C. Mishra
S. Ragupathy
Dr. P. V. N. Nair

Suuoary s An aerosol size analyser for rapid measurement of
partlclesslze distribution in the size range of
10-1000 A was designed and the optical system,
expansion chamber, inlet manifold, vacuum system
and humidifier required for the system developed.
A He-Ne laser for Illumination and a TV camera
for data acquisition were Incorporated In the
system. Further work on data storage and analysis
are in progress. When completed the aerosol size
analyser will facilitate quick characterisation of
airborne particles needed for environmental survey
and basic research on aerosols.
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IAEA RESEARCH CONTRACT NO. 2297/R-2/RB

Period of contract : 1980 - 1983

Title : Comparative study of cancer risks from exposure
to effluents from fossil-fuelled and nuclear
power stations

Investigators : Dr. K.G. Vohra (Chief Investigator)
Dr. A.M. Mohan Rao
Dr. R. Rajagopalan

Summary : The futur.e large scale production of nuclear power
would involve radiation exposure of larger groups
of occupational workers, individuals and groups
in the population and population at large. In view
of the concern about the risks of nuclear power,
often expressed by mis-informed public, it is
necessary that the risks associated with alternative
energy sources such as those based on fossil fuels
are compared with similar risks associated with
nuclear energy production. The programme is concerned
with the risks of cancer induction associated with
the two energy sources. The risk of lung cancer would
be compared based on extensive environmental measure-
ments data and epidemiological data.

Measurement of the chemical carcinogen benzo(a)pyrene
has been conducted at urban, suburban and rural regions
of Bombay for a period of 3 years. It was observed
that the concentrations of this carcinogen at each of
the locations is different by almost one order of
magnitude. This data on environmental carcinogen
concentrations could be utilised for epidemiological
studies. In addition to the epidemiological studies,
the pollutant concentration data could also be used to
estimate the body burden of the carcinogen. The body
burden of this chemical carcinogen can then be used to
evaluate the radiation equivalent chemical dose.
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IAEA RESEARCH CONTRACT NO. 2717/R1/RB

Period of contract : 1981 - 1982

Title : Relative radiation hazards of coal based and
nuclear power plants

Investigators : Dr. tJ.C. Mishra (Chief Investigator)
B. Y. Lalit
T.V. Ramachandran

During the first year of the Research Contract, the
group received a plastic scintillator for assembling
anti-coincidence shield and 11 bit Canberra A.D.C.
1024 channel pulse height analyser was fabricated
locally as stipulated in the first year of the contract
and the system was made operational. During the
second year of contract, 4" x 4" Nal(Tl) integral
assembly was provided by IAEA. A low background gs
ray spectrometer was set up at low level counting
laboratory situated at BARC Hospital, Deonar using
the detector and anticoincidence shield provided by
IAEA research contract and associated electronics
designed by Air Monitoring Section.

Coal samples from different collieries in India and
from a number of thermal power stations in operation
were analysed using the low level gamma ray spectro-
meter. Fly-ash, soil and slag samples fron TPS were
also collected and assessed for their radioactivity
content. Radiation doses arising from operation of
TPS were calculated using the measurements and were
compared with those arising from operating Nuclear
Power Plants. Some food samples were also collected
from Maslk and Neyveli TPS environs to see effect
of power generation on food-stuff in relation to its
radioactivity content.
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Staff ambers who were awarded M.Sc.degree
by University of Bombay daring 1979-84

S.Mo. Name Tear Subject

1.

2.

3.

4.

5.

6.

7.

C D . Eapen

V. Neenakshy

M.R. Menon

M.V.R. Murthy

C.K.6. Nair

M. Rathnakaran

A.P. Sathe

1982

1981

1984

1980

1984
(submitted)

1981

1982

Phys.

Chen.

Phys.

Phys.

Phys.

Phys.

Chem.

Guide

Dr. C. Rangarajan

Dr. K.S. Bhatki

Dr. D.C. Mishra

Dr. C. Rangarajan

Dr. D.C. Mishra

Dr. C. Rangarajan

Dr. L.TJ. Joshl


