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Environmental release of low levels of radioactivity
can occur as a consequence of normal radionuclides
present in the earth’s crust. We present here the
results of a survey undertaken in 2003 on the radionu-
clide concentration in different rock formationsin the
eastern part of Kumaun Himalaya. The activity con-
centration and gamma-absorbed dose rates of the
terrestrial radionuclides caused by “*Ra, **Th and
“K were determined in the soil samples collected from
the eastern part of Kumaun Himalaya. The mean con-
centration of 22U and ?**Th in the earth’s crust varied
from 0.5 to 5ppm (6 to 60Bg/kg) and 2 to 20 ppm
(8 to 80Bqg/kg) respectively. The reported activity
concentration for the different rock formations varied
from 32.6 to 1305.5 Bg/kg for 22U, 16.3 to 136.3 Bg/kg
for *Th and 124.6 to 1758.0 Bg/kg for “°K. The dis-
tribution of the radionuclides varied with rock type
due to different chemical properties of the measured
radionuclides and the rocks. The result shows that
high activity levels were found in Saryu Formation
consisting of augen—gneiss, granite interbedded with
schists and flaggy quartzite. The total air-absorbed
doserate in air above 1 m height was calculated from
the three radionuclides (**Ra, **Th and “°K), which
varied from 39.1 to 226.8nGy h™. The internal and
external health-hazard indices were calculated based
on the concentration of ?*Ra, #°Th and “K. Strong
positive correlations were observed between 2y and
“Ra, #?Th and ?*Ra, “K and **Th aswell as “°K and
“Ra. However, no significant correlation was obser -
ved between 22U and “®Ra because of radioactive dis-
equilibrium between them.

Keywords: Dose rate, external hazard index, geological
formations, radionuclides.

THE principal origins of ionizing radiation exposure are
natural sources. The spatial distribution of natural radia-
tion is highly variable and dependent on the local geo-
logic formations'. The levels of radioactivity in water and
soil are important mainly because of two principal radio-
logical effects. The first is the external irradiation of the
body by gamma rays emitted from radionuclides present
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in the area, and the second is internal irradiation of lung
by alpha-emitting, short-lived decay products of radon
and thoron™. The average crustal abundances of uranium
and thorium are 1.8 and 7.2 ppm (ref. 4). In igneous
rocks, uranium concentration increases with the degree of
delineation; very low uranium concentrations occur in
ultrabasic rocks (0.014 ppm) and higher concentrationsin
granites (2-15ppm)>® and pegmatites. Guthrie and
Kleeman’ studied changing uranium distribution in deu-
terically altered granite during weathering. Waite and
Payne® found that oxidation and other types of alteration
altered the primary uranium minerals chemically, such as
uraninite producing uranyl silicates. Guthrie and Klee-
man’ observed no net loss of uranium in moderately
weathered granites, but that profound weathering resulted
in mobilization of uranium. Langmuir and Herman®
observed that thorium in rocks is found at similar sites as
those of uranium, zircon and other minerals. In metamor-
phic rocks, the uranium and thorium abundances and dis-
tributions are dependent on the source rock®. Higher
uranium concentrations are also associated with deposits
that contain heavy minerals, such as placer deposits™.
Radium isotopes are produced by the decay of U, Z°U
and Z?Th. The presence of radium is not affected by
long-term processes, due to its continuous production and
relatively short half-life', but the disequilibrium between
28y and “®Ra is often observed as a result of different
mobilities in soil, rock and aquifers.

The natural radioactivity of soil samples is usually
determined from the ?*Ra, *Th and “°K contents'?. Due to
the spatial variation in external gamma dose rate, it is es-
sential to measure the radionuclide content in surrounding
soil samples. These doses vary depending upon the con-
centrations of the natural radionuclides, U, #2Th, their
daughter products and “°K, present in the soils and rocks,
which in turn depend upon the local geology of each
region in the world™. Nation-wide surveys have been
carried out to determine natura radionuclides, radium
equivalent activity and the resulting doses®*>8.

Studies in the Himalayan region have shown that the
tectonic processes, types of rocks and geohydrological
characteristics of rock mass control the concentration of
radon in soil and water'®. The aim of the present study
was to find out the variation of radionuclides in different
lithotectonic units in the eastern part of Kumaun Hima-
laya. The role of various rock types and associated
tectonic features was also considered in the interpretation
of distribution of radionuclides. This communication also
presents the argument about distribution of radionuclides
and interpretation of data and their relation to the internal
and externa hazard indices in the study area for the
general public.

The study area lies in the eastern part of Kumaun
Himalaya. The geology of the area has been studied in
detail by a number of workers®®?%. The study areafallsin
the subtropical Lesser Himalayan belt in the eastern part
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Figure 1.

of Kumaun Himalaya. In general, the rocks are character-
ized by multiple deformations resulting in superimposed
folding and repeated faulting and thrusting. The rocks
exposed in the area, from south to north, belong to the
Saryu Formation of Almora Group (sericite—chlorite
schist, amphibolite, mylonitized granite gneiss, augen
gneiss with schist and intruded granite, garnetiferous
mica schist and micaceous weathered quartzite, and
granodiorite in the Champawat area), Rautgara Formation
(muddy quartzite and green—purple slates), Deoban For-
mation (predominantly dolomitic limestone, slates and
phyllites), Mandhali Formation (pyretic slates, argilla-
ceous and dolomitic limestone) and Berinag Formation
(massive white, pale, purple and green quartzite with
metamorphosed basalt and tuffites). The Berinag Thrust
separates the rocks of Berinag Formation from Deoban
Formation, whereas rocks of the Berinag Formation are
separated from the Saryu Formation (granites, gneisses
and porphyrites) in the Askot area by the Askot Thrust. In
the northern part, the Deoban and Rautgara formations
are separated from the Saryu Formation by the Chiplakot
Thrust. The meso-to-epi grade para and orthogneisses,
schist, calc-silicate, marble, granites and their mylonitic
equivalent form the Munsiari Formation, which consti-
tutes the root zone rocks of the far-travelled detached
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Geological map of the eastern part of Kumaun Himalaya showing soil sample location.

pieces (nappe and Klippe) in the Lesser Himalaya. The
Munsiari Thrust separates the rocks of the Saryu Forma-
tion from the underlying Deoban Formation (Figure 1).
The soil samples were collected from a depth of 60 cm
in 1000 ml plastic beakers, keeping in view that the top
layer soil is removed by leaching process. After collec-
tion, under laboratory conditions, organic material, peb-
bles, roots and vegetation were separated from the soil
sample and all samples were crushed in small lumps
mechanically. Then the samples were fully dried in an
electric furnace at 110°C, for about a day. Then dried
samples were converted into fine powder using an auto-
matic crusher, homogenized and sieved. The 150 um
mesh size fraction of the sample was used for the present
study. The prepared samples were transferred to the stan-
dard 500 ml Marinelli beakers that were hermetically
sealed for the uniform distribution of *°Rn and *’Rn
daughter products in the soil samples to ignore any accu-
mulation on the surface of the soil. The containers were
stored for a period of one month before gamma spectro-
metric analysis, so as to allow the establishment of secu-
lar equilibrium between *Ra, **Th and their daughter
products™?’. Prior to measurement of the samples, the
environmental gamma background at the laboratory site
was determined with an empty cylindrical Marinelli
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beaker under identical conditions. The containers were
placed coaxially with the detector for determination of
efficiency and the same geometry was used for the
sample and background measurements. It was later sub-
tracted from the measured gamma-ray spectra of each
sample.

Gamma spectroscopy was used for the measurement of
specific activity of the soil samples, as this is a non-
destructive method and provides information for almost
al natural radionuclides of interest due to its excellent
separation capabilities. Other advantages are that it is a
less time-consuming method compared to chemical
methods and cheaper compared to the new methods like
mass spectrometry.

High purity germanium (HPGe) detector was used for
the measurement of specific activity of the soil samples
due to its excellent properties such as: (i) lower impurity
concentration and (ii) greater axial uniformity of the
impurity concentration over several centimetres. The
measurements were made with Be window and p-type
HPGe top detectors with specifications 45% and 43%
relative efficiency and resolution of 0.67/1.8 and
0.8/1.87 keV for 122 and 1332 keV peaks respectively.
The detector was cooled down by liquid nitrogen, and its
warm-up sensor was coupled to the high-voltage detector
bias supply, which was equipped with a remote shutdown
feature. The signals were processed by the main amplifier
incorporated with an efficient pile-up rejector and a
multi-channel buffer consisting of an analogue-to-digital
converter. An advanced multi-channel analyser with
MAESTRO-32 software enabled data acquisition, stor-
age, display and online analysis of the acquired gamma
spectra. The shielding was made of Pb, Cu and Cd, which
was able to suppress the background gamma radiation
present at the laboratory site. The energy calibration of
the detector was done with the help of the source of
13Ba, ¥'Cs and ®°Co. The efficiency calibration for the
system was carried out using secondary standard source
of uranium ore in geometry available for sample count-
ing. Efficiency values were plotted against energy for a
particular geometry and fitted by least square method to
an empirical relation that takes into account the nature of
the efficiency curve for the HPGe detector. The effi-
ciency calibration was cross-checked by the certified ref-
erence materials (IAEA-314) obtained from AQCS/IAEA,
Austria®®. All measurements of the samples, background
and standards were done in the same sample to detector
geometry for 24 h.

The offline analysis of each gamma ray spectrum was
carried out by a dedicated software program (Gamma
Vision-32), which performs a simultaneous fit and multiple
peak de-convolution to all the statistically significant
photo-peaks appearing in the spectrum. A menu-driven
report gave information about centroid channel, energy,
background counts, net area counts, width of identified
and unidentified peaks, and intensity and mean activity of

908

the radionuclides present in the sample and the standard
deviation. Activity concentration of **Th radionuclide
was determined from the average concentrations of short-
lived daughter radionuclides ?Pb and ?®Ac (238.6 and
911.1 keV). U was determined from the average con-
centration of ***Pb and #*Bi (351.9 and 609.3 keV) using
general practices®*°. To assess the isotopic composition
of uranium in soil samples the overlapping gamma emis-
sions from different nuclides have to be identified and
resolved®. Since #**U dose not emit suitable gamma rays
which can be directly measured using gammaray spectro-
metry, it is usually determined through its daughter pro-
ducts in equilibrium. Thorium-234 has a short half-life
(24.1 d) and mean life (34.7 d) and so comes into secular
equilibrium with *®U and emits low-energy photons with
low yield at the energies 63.29 keV (3.8%), 92.35keV
(2.72%) and 92.78 keV (2.69%). The multiple photo-
peaks from the latter two energy photons cannot be
resolved easily, and so the 63.29 keV peak was used for
the determination of **U. In the present work, the Z*"Pa
was not used to derive *®U activity from the soil samples
because of its short half-life (6.7 h); also, it is always in
equilibrium with its parent 2*Th and emits 1001.03 keV
photons with very low yield (0.837%)%. The determina-
tion of °U was difficult because it emits several photons;
the only photons that can be used for the determination of
23U are those at the energy of 185.72 keV. The common
approach for the subtraction of the contribution of the
186 keV line from the ®U series was used for the deter-
mination of 2*U activity. *Ra activity can be derived
indirectly from the weighted average of the activities of
two photo-peaks of ***Pb (295.2 and 352.0 keV) and three
photo-peaks of **Bi (609.3, 1120.3 and 1764.5 keV), and
directly from the 186.25 keV photons. These two methods
agree within the total uncertainty of the measurements™.
Here the intense gamma rays of **Pb and ***Bi were used
for the determination of **Ra activity®*. However, true
measurement of “°K and **’Cs concentrations was made
by their own gamma rays at 1460.8 and 661.6 keV
respectively. The specific activity of ith nuclide from the
respective energy peak can be calculated by the following
formula:

A; = Nel(ty eM), 1

where Ng is the net peak area of apeak at energy E, € the
detection efficiency at energy E, ¢ the counting live-time,
y the gamma-ray yield per disintegration of the specific
nuclide for a transition at energy £, and M the mass (kg)
of the measured sample. For more than one peak having
the same energy range of analysis, the peak activities
were averaged and the resulting weighted average gave the
activity of the nuclide. The uncertainties arise due to a
number of factors like volume of the samples, type-B-like
calibration, peak area determination and sample counts.
The combined uncertainties of all these factors did not
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exceed 7-8% for “*Ra and ??Th. The combined uncer-
tainties for “°K were about 20% due to the contribution of
28Ac at 1459.2 keV with gammarray line of “K in the
same region. To validate this method, the certified refer-
ence samples (IAEA-312 and 313) of known activities
were measured®®, The HPGe detector has a thin Be
window which is more sensitive to the coincidences and
uncertainties of approximately same energy lines. To
minimize the uncertainties only isolated gamma lines
were analysed and measurements were repeated at |east
twice for a single sample. The low level detection for
Ra, *’Th and “K was calculated from the Currie®
formulato be 1.1, 1.0 and 8.2 Bg/kg respectively.

Based on the measured values of *°Ra, **Th and “K,
the radium equivalent activity for all soil samples under
study was calculated using the relation'®***

Rae = Apa + 14347, + 0.0774y, )

where Ag,, Ah and Ak are the activity concentrations of
2Ra, %*Th and “°K in Bg/kg respectively.

Local stones and soil are used for the construction of
houses in the hilly areas. It is expected that the radiation
dose would be delivered externally, if a building is con-
structed using local rocks/soil. The external hazard index
(He) and internal hazard index (H;,) were calculated by
the following equation®®33":

Hex = Ard370 + A74/259 + A,/4810, A3)
Hin = Ard/185 + A/259 + A,/4810. (4)

The outdoor air-absorbed dose rates due to terrestrial
gamma rays at 1 m above the ground were calculated
from ?*Ra, *?Th and “°K concentrations in the soil
assuming that the contribution of other radionuclides to
the environmental background was negligible’®*®3°, The
absorbed dose rates were calculated by the conversion
factor®:

D =0.4614R, + 0.6234 1, + 0.04144. (5)

For the above calculation the decay products of **Ra and
282Th are considered in equilibrium. Finally in order to
calculate the annual effective dose rate due to the pres-
ence of ?Ra, ?*Th and “K in soil samples, one has to
take into account the conversion coefficient from absorbed
dose in air to effective dose and the indoor occupancy
factor™.

Ambient dose equivalent rate (mSv y™) = Dose rate in
(nGy h™) (24 h) x 365.25d x 0.8 (indoor occupancy fac-
tor) x 0.7 Sv Gy (conversion coefficient) x 10°°.

Based on the analysis in the UNSCEAR report*, a co-
efficient of 0.7 Sv Gy™ was used to convert the absorbed
dose in air to effective dose equivalent and the indoor
occupancy factor was assumed to be 0.8, implying that
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20% of time is spent outdoors on an average around the
world.

The distribution of radionuclides and their isotopic
fraction are summarized in Table 1. The sample locations
are shown in Figure 1. The results of 37 soil samples col-
lected from different lithotectonic units in the eastern part
of Kumaun Himalaya are discussed here. The data were
collected from five different formations of the study area.
In general, soil thickness in the study areais small (0.5 m
to a maximum of 2 m) because of the rugged topography
and fast erosion along the slopes™. Therefore different
horizon studies (with varying depths) for the radio-
nuclides are not possible in the study area. The radio-
nuclide concentration in the soil samples directly reflects
the concentration of radionuclides in the underlying rock
at equilibrium.

The discussion here has been divided into four parts,
i.e. radionuclide distribution, radium equivalent activity,
hazard index and air-absorbed dose rate. These results
show that the radionuclides are extensively affected by
soil-formation processes. The activity of “°K (124.6—
1758 Bg/kg), U (32.6-1305.5 Bg/kg), *°U (1L.2—
18.2 Bg/kg), *°Ra (2.4-186.9 Bg/kg), ***Th (16.3-136.3
Ba/kg), Z°Th (0.2-11.5 Bg/kg), *°Pb (0.1-260.6 Ba/kg)
and **'Cs (0.4-8.2 Bg/kg) was measured (Table 2), but
more emphasis will be given to discussion of the results
of ®Ra, #?Th and “K. For this the data have been
divided according to five different rock formations for
easy interpretation of external hazard index and dose cal-
culation in a small region. The mean values of **Ra,
22Th and “°K in soil samples with 95% confidence level
for different formations are given in Table 3. The highest
levels of these radionuclides were recorded in the Saryu
Formation. The variations of radioactivity levels at dif-
ferent measurement locations are due to the variation of
concentration of these radioactive elements in the geo-
logical formations, and micro-cracks and defects in the
rocks. Micro-cracks and defects provide a tunnel for the
upward movement of radionuclides and enhance the
radioactivity level. **'Cs was recorded the highest in
Deoban Formation of the study area. The radioactive re-
lated minerals such as zircon, iron oxides and fluorite
play an important role in controlling the distribution of
uranium and thorium. Zircon usually contains uranium
and thorium concentration ranging from 0.01% to 0.19%
and 1% to 2% respectively*.

The activity of *°Ra in sedimentary rocks of Berinag
Formation, predominantly dominated by quartzite rocks,
varied from 2.4 to 28.2 Bg/kg with a mean value of 15.3
Ba/kg. The activity of “°K was 155.4-429.1 Bg/kg, with a
mean value of 292.3 Bg/kg. The radium equivalent acti-
vity in this formation varied from 110 to 165.2 Bg/kg,
with a mean value of 137.6 Bg/kg. Only the mean value
of thorium recorded was higher than that given in the
UNSCEAR report* for India. Comparatively low mean
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Tablel. Analytica results of the activity concentration (Bg/kg = 1 SD) of the major radionuclides in different geological formations

Sampleno.  Formation K =8y =5y Ra 22Th Z0Th 210pp ¥cs
EK-02 Saryu 1652 + 37.9 129.4+54 8.3+18 55.6 £ 2.3 96.0+3.1 1.7+42 010 BDL
EK-03 Saryu 1758 + 39.7 2685+537 74 121.1+4.0 131+ 3.4 BDL 164.8+73.2 BDL
EK-04 Saryu 1710 + 38.8 203.4+435 55+3.0 90.4+1.6 1024+ 1.4 41+25 130.3+71.2 BDL
EK-06 Sayru 985.6 + 23.8 143.2+29.8 NA 62.2+ 3.8 79.8+25 BDL 33.9+115 0.7+04
EK-07 Sayru 1246+ 7.9 4839+ 16.1 7.2+20 269+1.3 555+1.1 0.6+0.1 52.8+14.3 55+05
EK-09 Sayru 1212 + 35.8 261.8+53.6 7.7+3.2 79.6 £ 4.5 1359+ 125 6.8+58 BDL 1.5+04
EK-10 Sayru 9104 + 22.6 2349+8.1 8.6 147.4+20.7 114744 3.0+5.0 28.6+115 0.7+04
EK-11 Sayru 7439+ 15.6 940.6 + 27.7 12.1+ 3.2 357+13 62.2+ 3.3 BDL 1.3+0.2 BDL
EK-12 Sayru 1470 + 23.4 591.2+26.0 13.1+0.9 1009+ 1.8 1152+ 14 25+0.2 1.3+0.2 1.1+0.6
EK-13 Deoban 180.7 + 8.7 37.7+45 158+ 1.8 76.8+1.7 16.3+ 1.9 BDL BDL 44+05
EK-14 Deoban 305.5+ 10.1 39.9+39 2.7+0.6 175+ 1.3 28.2+ 23 BDL BDL 21+04
EK-15 Deoban 524.0 + 13.7 301.3+85 6.1+26 352+1.3 46.3+1.1 BDL 113+ 14 51+04
EK-16 Deoban 596.3 + 16.2 785+5.1 BDL 33.3+20 38.6+3.1 BDL BDL 08+04
EK-17 Saryu 7134+ 18.1 84.6+49 BDL 35.0+13 50.1+3.1 52+0.7 BDL 0.6+0.3
EK-18 Saryu 726.2+19.0 34.4+7.2 1.2+0.5 158+ 1.7 29.8+6.9 BDL BDL 1.1+£0.3
EK-19 Saryu 1330+ 31.5 93.1+20.2 BDL 36.0+1.4 40.8+ 2.2 BDL BDL BDL
EK-20 Saryu 866.1 + 16.8 13055+ 29.7 14.3+0.8 111.0+15 98.0+1.4 1.0+ 0.0 1.5+0.1 35+05
EK-21 Deoban 590.1+ 13.3 3452+141 48%07 295+1.1 458+ 4.3 BDL 41.0+14.4 34+0.2
EK-22 Berinag 1554+ 8.1 428.1+872 26%0.6 24+10 66.9+1.1 BDL 1.4+1.0 1.6+£04
EK-23 Berinag 429.1+9.8 321.7+65.7 43+04 28.2+0.7 727124 BDL 59.0+11.4 05+0.3
EK-25 Saryu 1537.0+ 349 1827+38.0 11.7+1.2 60.1+1.6 124.1+5.3 BDL BDL BDL
EK-26 Saryu 802.7 £ 16.2 3832+29.7 56%25 423+1.3 65.1+27 02+00 605+205 BDL
EK-27 Saryu 1412.1+225 2185+745 121+28 102.7 £ 3.0 110.2+ 0.8 BDL 100 + 23.6 BDL
EK-28 Saryu 809.2+ 16.5 3744+221 7.8%25 53.8+1.6 73.7+2.9 BDL 1254+21.3 48%+04
EK-29 Saryu 730.1+19.1 32.6+6.3 BDL 55.3+4.2 60.8+1.1 BDL 208.7+58.2 16+04
EK-31 Saryu 552.3+ 13.6 228.6 +12.7 10.3+ 25 36.0+2.7 544+ 3.7 BDL 71.8+ 18.6 04+26
EK-34 Saryu 3159+ 9.6 588.0+13.7 6.5+0.6 29.8+0.7 32.3+0.9 BDL 88.9+14.8 44+05
EK-35 Saryu 935.7 £+ 23.4 65.6 £ 9.2 BDL 75.3+3.7 71.0+1.2 BDL 64.8+11.7 8.2+05
EK-39 Mandali 671.2+ 1.7 52.8+9.5 3.6+0.3 86.8+ 3.3 86.8+3.1 BDL 84.1+29.4 35+0.6
EK-40 Mandali 637.9+ 14.8 300.4 + 107.8 6.2+0.8 135+ 3.9 66.5+ 2.7 BDL 93.8+16.3 57+07
EK-41 Munsairi 709.3+16.1 807.1+237.7 13.2+0.8 103.6+1.4 778+ 1.3 31+03 96.2+21.2 BDL
EK-42 Munsairi 953.7+ 17.9 10705+ 269 8.0+0.8 64.7+ 3.0 92.8+ 4.8 BDL 151.4+21.2 1805
EK-43 Munsairi 916.4 + 19.5 305.6+688 89+1.0 60.8+ 1.8 72.3+5.8 BDL 235.7+23.3 6.4+0.8
EK-44 Saryu 11445+ 229 383+ 14.3 11.0+£20 122.6+ 2.6 136.3+ 4.2 58+1.2 136.2+ 6.1 1.2+0.2
EK-45 Saryu 1282.8+22.0 801.8+186.6 8.9%29 78.7+3.2 1325+55 2.8+0.3 66.4 + 25.8 BDL
EK-46 Saryu 14235+ 152 347.8+278 157+3.1 186.9 + 4.7 130.4 + 3.3 BDL 1288+ 16.7 2.6+04
EK-47 Saryu 1004.8+ 175 181.0+55.2 18.2+ 3.9 1540+ 1.4 1242+ 29 115+1.1 260.6+28.8 BDL

*BDL, Below detection limit.

Table2. Statistical summary of radionuclides in soil samples collected from the eastern part of Kumaun Himalaya

Air Kerma Ambient dose
rate equivalent rate
40K 238U 235U 226 Ra 232Th 230Th 210Pb 137CS Raeq (nGyh—l) Hex 1‘1| n (mal y—l)
Mean 887.1 3419 8.7 66.7 79.4 37 86.2 2.8 248.5 118.7 0.7 0.9 0.6
Median 809.2 268.5 8.0 60.1 727 3.0 718 2.0 234.8 112.7 0.6 0.8 0.6
S.D. 443.0 304.7 4.4 43.1 34.7 3.2 70.7 2.2 113.2 53.6 0.3 0.4 0.3
Standard error 72.8 50.1 0.8 7.1 5.7 3.0 13.1 04 18.6 8.8 0.1 0.1 0.0
Minimum 124.6 32.6 1.2 2.4 16.3 0.2 0.1 0.4 81.3 39.1 0.2 0.3 0.2
Maximum 1758.0 13055 18.2 186.9 136.3 115 260.6 8.2 483.0 226.8 13 1.8 11
No. of samples 37 37 29 37 37 13 29 26 37 37 37 37 37

value of radium in this formation is due to the absence of
uranium-rich minerals like apatite, zircon, etc.

In the Deoban Formation radium activity was recorded
to be 17.5-76.8 Bg/kg, with a mean value of 44.7 Bg/kg.
40K was recorded as 180.7 to 935.7 Bg/kg, with a mean
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value of 476.4 Bg/kg and ***Th activity in this formation
varied from 16.3 to 71.0 Ba/kg, with a mean value of
38.8 Bg/kg. The radium equivalent activity in this forma-
tion was 81.3 to 248.9 Bg/kg, with a mean value
136.8 Bg/kg. The radium content in the soil samples of
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Table 3. Statistical summary of the activity concentration of *Ra, “°K and *Th (Bg/kg) with total radium equivalent activity (Bg/kg), (external
and internal) hazard, total absorbed dose and effective dose rate in different geological formations in the eastern part of Kumaun Himalaya

Ambient dose

Air kermarate equivalent rate
Formation K Ra 22Th Réeg (nGy h™) Hex Hi, (mSvy™)
Saryu Formation
Mean 1082.7 78.7 92.3 294.1 140.7 0.8 1.0 0.7
Standard error 86.9 9.5 7.2 23.3 10.9 0.1 0.1 0.1
Median 1004.8 62.2 98.0 320.1 157.2 0.9 11 0.8
Minimum 124.6 15.8 29.8 114.3 53.7 0.3 0.4 0.3
Maximum 1758.0 186.9 136.3 483.0 226.8 13 1.8 11
Confidence level (95.0%) 180.3 19.7 14.9 48.2 227 0.1 0.2 0.1
Mandhali Formation
Mean 654.6 50.2 76.7 210.2 100.1 0.6 0.7 0.5
Standard error 16.7 36.7 10.2 52.4 23.2 0.1 0.2 0.1
Median 654.6 50.2 76.7 210.2 100.1 0.6 0.7 0.5
Minimum 637.9 135 66.5 157.7 76.9 04 0.5 04
Maximum 671.2 86.8 86.8 262.6 123.2 0.7 0.9 0.6
Confidence level (95.0%) 211.6 465.7 129.0 666.4 294.6 1.8 31 14
Munsiari Formation
Mean 859.8 76.4 81.0 258.4 122.8 0.7 0.9 0.6
Standard error 76.0 13.7 6.1 11.8 5.1 0.0 0.1 0.0
Median 916.4 64.7 77.8 269.5 126.0 0.7 0.9 0.6
Minimum 709.3 60.8 72.3 234.8 112.7 0.6 0.8 0.6
Maximum 953.7 103.6 92.8 270.8 129.6 0.7 1.0 0.6
Confidence level (95.0%) 327.1 58.8 26.4 50.8 22.1 0.1 0.3 0.1
Berinag Formation
Mean 292.3 15.3 69.8 137.6 65.3 0.4 0.4 0.3
Standard error 136.9 129 29 27.6 13.2 0.1 0.1 0.1
Median 292.3 15.3 69.8 137.6 65.3 04 04 0.3
Minimum 155.4 2.4 66.9 110.0 52.1 0.3 0.3 0.3
Maximum 429.1 28.2 727 165.2 78.5 0.4 0.5 0.4
Confidence level (95.0%) 1738.8 163.9 36.8 350.5 167.9 0.9 14 0.8
Deoban Formation
Mean 476.4 4.7 38.8 136.8 65.0 04 0.5 0.3
Standard Error 1111 10.2 7.6 24.2 11.7 0.1 0.1 0.1
Median 420.0 34.3 355 124.2 58.2 0.3 0.5 0.3
Minimum 180.7 17.5 16.3 81.3 39.1 0.2 0.3 0.2
Maximum 935.7 76.8 71.0 248.9 118.9 0.7 0.9 0.6
Confidence level (95.0%) 285.5 26.3 19.7 62.1 29.9 0.2 0.2 0.1

this formation was higher than that in the Berinag Forma-
tion. However, the mean thorium value was less than that
in the Berinag Formation. The dolomitic limestone was
slightly phosphatic in this region®. Precipitation of ura-
nium takes place with phosphate; thus uranium and
radium concentrations are always higher compared to
other sedimentary rocks>**.

The Mandhali Formation of the same geological sub-
group had radium activity ranging from 13.5 to 86.8 Bg/kg,
with a mean value of 50.2 Bg/kg. “°K was 637.9-671.2
Ba/kg, with a mean value of 654.6 Bg/kg. Z?Th activity
was 66.5-86.8 Bg/kg, with a mean value of 76.7 Bg/kg.
The radium equivalent activity in this formation varied
from 157.7 to 262.6 Bg/kg, with a mean value of 210.2
Ba/kg. The rocks of the Mandhali Formation have fine
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grain size, which offers high resistivity, i.e. it creates a
compact structure of the upper layer of the soil and lack
of channels accumulates the radionuclides inside. The
low movement and accumulation of radionuclides in this
foormation, gives a high mean value of %°Ra, °Th and

K.

The Saryu Formation of Almora Group has high radio-
nuclide content. *°Ra activity in this formation varied
from 15.8 to 186.9 Bg/kg, with a mean value of
78.7 Ba/kg, K activity was 124.6-1758.0 Bg/kg, with a
mean value of 1082.7 Bg/kg and ***Th activity was 29.8—
136.3 Bg/kg, with a mean value of 92.3 Bg/kg. The
radium equivalent activity in this formation was 114.3—
483.0 Bg/kg, with a mean value of 294.1 Bg/kg. The
presence of high uranium in mineralized granite and
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pegmatite are attributed to the ability of iron oxide to
adsorb uranium from circulating solution or to the preva-
lence of oxidation conditions that cause the precipitation
of U* ion®®. The high uranium content in fluorite may be
attributed to fluorine ions, which forms a complex with
uranium. These values are smaller than the radionuclide
concentration in Wadi karim area of the eastern desert in
Egypt and rocks comprise of post-tectonic granite and
bosttonite dykes'®. The high radioactivity level in granite
rocks, associated with pegmatites, is attributed to the
presence of the radioactive minerals like thorianite,
uranophane and allanite®*®. The meso-to-epi grade para
and orthogneisses, schist, calc silicate, marble, granites
and their mylonitic equivalent forming the Munsiari For-
mation, constitute the root-zone rocks of the far-travelled
detached thrust sheets (nappe and klippe) in the Lesser
Himalaya.

The ?*°Ra activity concentration in Munsiari Formation
varied from 60.8 to 103.6 Bg/kg, with a mean value of
76.4 Bg/kg, “°K was from 709.3 to 953.7 Bg/kg, with a
mean value of 859.8 Ba/kg and ***Th activity was 72.3 to
92.8 Bg/kg, with a mean value of 81.0 Bg/kg. The radium
equivalent activity in this formation was 234.8 to
270.8 Bg/kg, with a mean value of 258.4 Bg/kg. This is
less than 370 Bg/kg, which is acceptable for safe use of
the rocks and soil for construction purpose™.

The distribution of other radionuclides like **’Cs and
219pp js not directly related with the measurement of the
air kerma dose rate and ambient dose equivalent, but
137Cs is considered to be the most important isotope from
the point of view of the externa gamma dose. The con-
centration of *!°Pb was found to be consistently higher
than that of *'Cs at all sampling sites (locations). **'Cs
content varied between 0.4 and 8.2 Bg/kg, with a mean
value of 2.8 Bg/kg in the study area. The highest and
lowest **'Cs content was attributed to the same forma-
tion, which shows that the different geological formations
are not responsible for *¥'Cs variation. ?°Pb activity in
the soil also affects ?°Po in the dwellings, which is used
for the retrospective assessment of radon indoors. The re-
sults of °Pb may be used as a reference for any retro-
spective study in the near future in the area. The *°Pb
activity varied between 0.1 and 260.3 Bg/kg, with a mean
value of 86.2 Bg/kg. The lowest and highest values were
recorded in the Saryu Formation of the study area, but at
different locations.

Some interesting trends in the ?°Ra/**®U concentration
were recorded with respect to different geological forma-
tions. The ratio decreased slightly as we moved from
Berinag to Deoban and Saryu formations. The same de-
clining trend was also observed for the 2°U/?*®U ratio,
whereas the ®U/%Th ratio did not show any definite
pattern. The results from ratio analysis will be helpful to
explain equilibrium conditions at different locations.
Extreme disequilibrium among U : %°Th : *°Ra (#EK 20;
Table 1) in Champawat region is due to the granitic rocks
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of the concordant Champawat body, which are magmatic
in origin as indicated by complexly twined and zoned
plagioclases’’. The rocks of this region are comagmatic
(the individual types reflecting varied physical conditions
of emplacement), and are bound to systematic progres-
sive changes in the proportion of N,O, K,0, Ca0, Fe,O,
FeO (ref. 21). These complex chemical reactions may
have resulted in the disequilibrium of the radionuclides.

The average values distributed over the study area were
computed for correlation coefficient between radionu-
clides (Table 4). Strong correlation was observed be-
tween “°K and %*Ra (0.6), “°K and ***Th (0.7), **U and
26Ra (0.8) as well as ?°Ra and *Th (0.7). A weak nega-
tive correlation was observed between “°K and #°Th
(-0.2), 28U and *°Th (-0.3), ?**Ra and *°Th (-0.4) as
well as #?Th and **Th (-0.5). The negative correlation
shows that the radionuclide concentrations are associated
with different chemical and geological properties of the
elements. The different contents of clay and sand in soil
samples also contribute to the correlation coefficient,
with micro-cracks, fractures and mobility characteristic
of the radionuclides in geological medium. Uranium
chemistry changes with reducing and oxidizing environ-
ment, but radium chemistry is relatively simple as it
behaves like the other alkaline earth metals®®.

The air-absorbed dose rate at a height of 1 m above the
ground level and other radiological effects were calcu-
lated when the soil samples were used as construction
material on alocal scale. These results are also important
for the purpose of environmental protection studies, since
the local soil in the hilly areas is used for different pur-
poses in the mud houses, mainly for flooring and label-
ling the walls. The building materials act as a source of
radiation and also shield against outdoor radiation®.
Massive houses were made using stone, soil and wood in
the hilly areas. The fraction of radiation emitted by the
soil will contribute to the total radiation level indoors,
and the radiation emitted by sources outdoor is efficiently
absorbed by the wall. Consequently, the dose rate indoors
will be more according to the radionuclide content in the
soil used for the construction. The fluxes of the ionizing
radiation in the indoor air will increase as a consequence
of the soil having more radionuclides. The average calcu-
lated absorbed dose rate varied from 39.1 to 226.8 nGy h™,
with a mean value of 118.7 nGy h™. The average absor-
bed dose rate in air was reported as 56 nGyh™ by
UNSCEAR? for India. The recorded valuein study areais
nearly twice the Indian average and thus a detail study in
necessary and important for health hazard effects to the
people living there. The ultimate use of the activity
measured in the soil samples is to measure the radiation
dose delivered externally in the form of gamma dose. The
external hazard indexes (H,,) were calculated from 0.2 to
1.3, with a mean value of the 0.7; the calculated average
values are less than the acceptable value (1.5). These
radionuclides are a source of radon (*°Rn) and its
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Table4. Correlation coefficient between different radionuclides

AOK 238U 235U 226Ra 232Th 230Th Zlopb 137CS
40K 1
=8y 0.0 1
=5y 0.3 0.3 1
25Ra 0.6* 0.1 0.8* 1
B2Th 0.7* 0.2 0.4 0.7* 1
20Th -0.2 -0.3 0.5* -0.4 -0.5 1
20ph 0.2 -03 0.3 0.3 0.3 0.9* 1
Bics -0.2 0.1 0.1 -0.1 -0.2 -0.4 0.2 1

* Shows significant correlation coefficient (P = 0.95).

radioactive progeny. The internal exposure by radon and
its progeny is controlled by the internal hazard index Hij,.
H;, less than 1 is suggested for materials used for house
construction. H;, of 1.8 was calculated for the soil col-
lected from igneous rocks of the Saryu Formation. The
observed higher value of the internal hazard index in the
Saryu Formation was due to the presence of radioactive
minerals in the rocks of this formation. The annual effec-
tive dose rate of the study area varied from 0.2 to
1.1 mSv y*, with a mean value of 0.6 mSv y™. Accord-
ing to the recent regulation issued by the European Union
in 1999 (ref. 49), building materials should be exempted
from all construction purposes if the excessive gamma
radiation due to them causes an increase in the annual
effective dose received by an individual by a maximum
value of 0.3 mSv.

High occurrences of radionuclides are associated with
mylonitized granite gneiss, augen gneiss, garnetiferous
mica schist and micaceous weathered quartzite, and tec-
tonically emplaced bodies of granite and granodiorite of
Saryu and Munsiari formations. Presence of uranium
mineralization in the shear zone associated with different
thrusts and faults may be responsible for high radioacti-
vity in the study area. The diverse lithology and associ-
ated complex tectonic features aso contribute to
radioactivity in the environment. The observed results
show some strong disequilibrium conditions in the study
area with respect to the oxidizing and reducing environ-
ment. Based on this study on radium equivalent activity,
absorbed dose rate, external and internal hazard indices
and annual effective dose rate, it is recommended that ra-
diometric survey is necessary before choosing raw mate-
rials for construction purposes and location of houses in
the Himalayan region. Use of soil and rocks from these
locations needs careful regulation to reduce the radiation
levels into the surroundings. These results will also pro-
vide the baseline data for the future with respect to geo-
physical and geomorphologic changes in the study area.
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