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Human beings are constantly exposed to radioactivity in the environment. As they are major
sources of harmful radiation, radionuclides found in the atmosphere might result in a sub-
stantial potential risk to living beings. On the Earth's surface, the radioactive elements ura-
nium and radium are naturally present, contributing to radon and thoron gases in the indoor
as well as outdoor climate, soil and water. Radon is one of the most important toxins that, af-
ter cigarette smoking, is the second most common cause of generating lung cancer. Due to
these health-related concerns, a lot of work has been undertaken by numerous research orga-
nizations to determine their levels at different locations throughout the world. This paper is
an attempt to comprehensively report with different techniques all those studies being carried
out in this part of India so that a current assessment of the indoor radon levels should be avail-
able for further work in this field. Six northern Indian states, viz. Punjab, Haryana, Himachal
Pradesh, Rajasthan , Uttar Pradesh and Uttarakhand are considered for this examination.
This study also provides data on exhalation rates and activity concentration of natural
radionuclides (226Ra, 232Th, and 49K) present in these states.
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INTRODUCTION stantial risk of pulmonary cancer as it causes bronchial
epithelial damage [7]. The 2!8Po and 2!4Po are the key
In 1899, Robert Bowie Owens and Ernest sources of health risk for all decay materials, as they
Rutherford first discovered radon (***Rn). Radon is a
gaseous radioactive gas tl}at is colourless, mgnatorplc, Table 1. Radon decay products [6]
odourless, tasteless and single. However, it is particu- .
larly carcinogenic and radiotoxic when inhaled [1]. Radionuclide Half life [&zr\g/}]/ Product
After .the discovc?ry (?f uranium, thori}lm, radium and 2R, 3.8235d 54895 208p
polonium [2], Friedrich Ernst Dorn discovered radon 218p 3.10 min 6.0024 2l4py,
as the fifth radioactive element on Earth. The primary 214py 97 min _ 2145
cause of lung cancer, second only to smoking ciga- 214p; 19.9 min _ 214p,
rettes, is 2*?Rn [3]. Radon parent radionuclide radium 214p, 164.3 ps 7.6869 210py,
is responsible for nasal and cranial tumors [4]. Ac- 210pp, 22.3 years - *Bi
cording to the International Commission on Radiolog- 219Bj 5.01d - %o
ical Protection, radon constitutes about 53 % of human 210pg 138.38 d 5.3044 20pp
health exposure to natural radiation [5]. Further, radon
has no stable isotopes. Out of 36 known isotopes (all
radioactive), only three >?’Rn, 22°Rn, 2!°Rn, are sup- Table 2. Thoron decay products [6]
ported by decay of primordial radionuclides. Radionuclide | Halflife  |Energy [MeV]|  Product
Both radon and thoron are itself decay by emis- “Rn 55.6s 6.2882 *1%po
sion of alpha particles and produces radon or thoron *!%po 0.145s 6.7785 212ppy
progenies (daughter products), tabs. 1 and 2. *’Pb 10.64 h - *Bi
These decay isotopes are heavy metals. Inhala- 2 Bi 1.009 h 6.34,6.30 *’Po
tion of 22?Rn and its progeny is associated with a sub- *Po 45s 11.65 **Pb
%71 3.053 min - -
208
* Corresponding author; e-mail: deep_shikha79@yahoo.co.in Pb Stable — —
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contain very energetic alpha particles [8-10]. The
DNA damage is caused by the interaction of these
progenies with biological tissue in the lungs [11]. The
progenies can attach to aerosols or not attach to them.
Both attached and unattached radon progenies, if in-
haled, can cause lung tissue irradiation by damaging
them as they emit a small burst of energy called alpha
particles. The risk of radioactive material in an unat-
tached state is much higher than that of radioactive
material in the attached state [12].

Lung cancer is primarily caused by bronchial
stem cells and by secretion cells [13]. Research studies
have shown that exposure to indoor *’Rn could lead
to an increased risk of lung cancer [14-22]. Scientists
at the National Academy of Science estimate that ex-
posure to an elevated level of ?’Rn gas may cause
15000-22000 lung cancer deaths per year. Some stud-
ies have also indicated that exposure to indoor *’Rn
can lead to other types of cancer [23-26]. The ICRP
measured the risk of cancer to various organs of the
body at about 2 % of the risk of lung cancer [27].

Thus, keeping in mind the numerous health haz-
ards caused by >?’Rn and its descendants, the monitor-
ing of radon and its decay products is important for
identifying human health hazards. Wide scale *’Rn
surveys have been conducted in a range of countries
[28-33]. In Indian homes, one of the systematic sur-
veys of indoor radon levels in 15 different cities was
performed using Solid State Nuclear Track Detectors
(SSNTD) [34]. This research was further expanded by
carrying out additional surveys from 24 cities in the
north-eastern region of India [35]. This paper is in-
tended to provide an overview of the analysis carried
out by a variety of research groups in the Punjab,
Himachal Pradesh, Haryana, Rajasthan, Uttar
Pradesh, and Uttarakhand states of India.

Study Area Climate:

The state of Punjab, with an area of 50362 km?,
lies between 29.30° and 32.32° north latitude and
73.55° and 76.50° east latitude [36]. Punjab has much
fertile plain land [37]. The climate of Punjab is primar-
ily affected by the Himalayas (because as the distance
from the Himalayas increases, so the rainfall de-
creases) and the Thar Desert in the north and south, re-
spectively. The sum of rainfall in Punjab ranges from
240 to 1000 mm [38]. Himachal Pradesh occupies a
land area of 55673 km?. It is located in the western Hi-
malayas between 30.22° and 33.12° north and 75.45°
to 79.04° east [39]. The state touches Punjab in the
west, Jammu and Kashmir in the north, Uttarakhand in
the south-east, Haryana in the south, and China in the
east [40]. Altitude changes climate across the state
[41]. The state receives annual rainfall of the order
2909 to 3800 mm [42]. Haryana (16 largest state),
lies between 27.47° and 30.30° north latitude and

74.29° to 77.22° east longitudes. It is bordered by
Punjab in the north-west, Himachal Pradesh in north,
Uttarakhand in north-east, Uttar Pradesh in the east
[43]. Temperature in summer is very hotup to a high of
47° C and in winters is very cold up to 5 °C [44].
Rajasthan (largest state of India) lies between north
23.30° and 30.11° latitude and east 69.29° and 78.17°
longitude. The state is bordered by Punjab in the north,
Pakistan in the west, Haryana and Uttar Pradesh oin
the north-east and Gujarat in the south-west respec-
tively [45]. The state has a maximum temperature of
50.6 °C [46]. Uttar Pradesh (4™ largest state) covers a
243290 km? area which lies 26.85° north and 80.91°
east. The state borders Haryana in the west, Madhya
Pradesh in the south, Bihar in the east, Uttarakhand in
the north, Rajasthan, Haryana, Himachal Pradesh and
Delhi to the west [47].

The climate varies according to altitude [48].
The mean annual rainfall of the state is 946 mm [49].
Uttarakhand (18™ biggest state) covers atotal 53566
km? area and lies between 28.43° and 31.27° north lat-
itude and 77.34° to 81.02° east longitude. The state
borders Himachal Pradesh in the west, Nepal in the
east, Uttar Pradesh in the south and China in the north.
Annual temperature ranges from 0 to 40 °C. The cli-
mate in the northern part of Uttarakhand is typically
Himalayan.

MATERIALS AND METHODS

Indoor radon survey

Various indoor radon measurement experiments
have been performed using active and passive tech-
niques. Active radon monitoring techniques include
electrical power and an assessment of >’Rn leakage
through the chamber, whereas passive radon monitor-
ing techniques do not include electrical power and do
not include an assessment of 222Rn leakage through
the chamber. Some of these methods are:

The RAD7 is one of the active methods used to
assess the concentration of radon in air, soil and water.
The RAD7 will calculate the concentration of radon
from 0.4 to 750000 Bqm > [50]. The RAD7 is a contin-
uous radon control based on the alpha spectrometry
technique. It is one of the fast measurements of indoor
radon activity levels at sites built to detect alpha parti-
cles only [51]. The RAD?7 is attached to the drystik ac-
cessory in a closed loop configuration that allows in-
door radon measurement [52]. It uses an internal
sample cell hemisphere of 0.7 liters of RAD7 at the
centre of which silicon is positioned to help produce an
electrical signal from the conversion of alpha radiation
[53]. The RAD7 uses 2!8Po for determination of the ra-
don concentration and 2'°Po for determination of the
thoron concentration. However, according to EPA all
continuous radon monitoring must be calibrated at
least every six months.
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Figure 1. Map of the study are

Nuclear track detectors have been commonly
used for the study of the concentration of radon in pas-
sive techniques due to their high durability. The
LR-115 (SSNTD) is essentially a thin cellulose nitrate
film, while CR-39 (SSNTD) is an allyl diglycol car-
bonate polymer [32]. Passive techniques include both
the bare mode and dosimeter (twin cup dosimeter and
pin hole dosimeter) techniques. In the bare mode,
SSNTD films fixed to the glass slide are hung in the
room at a height of 2 m from the floor [54]. After the
exposure time, the detectors are removed and etched in
a 2.5N NaOH solution at 60 °C for 90 minutes. The
registered tracks are then counted using a spark coun-
ter or an optical microscope.

In dosimetric mode, both the twin cup dosimeter
(double input dosimeter, consisting of bare mode and
two chambers, i. e. filter and membrane mode cham-
ber) and the pin hole dosimeter (single input dosime-
ter, comprising two identical cylindrical chambers) are
used by SSNTD connected to each chamber to detect
the radon concentration [44, 55]. Dosimeters are sus-
pended in the same way as for the bare mode. These
detectors are recovered after a three month exposure.
The CR-39 etching can be completed with 6N NaOH
at 70 °C for approximately 5-6 hours [37]. The detec-
tors are then washed properly to remove chemical and
dry matter. After washing the tracks produced by the
alphas they are counted with a spark counter or optical
microscope and are then converted in the Bqm™ by us-
ing an appropriate calibration factor [56].

Radon survey in soil gas

Many techniques are in use for monitoring the
radon concentration and its exhalation rates from soil
samples. Some of them are:

The RAD7 radon monitoring apparatus used by
many groups applies an air pump and a detector con-
sisting of a silicone material (semiconductor) which

helps to obtain an electrical signal by converting alpha
radiation [57-59]. With the aid of a stainless steel
probe, soil-gas samples from each area were obtained.
The probe is immersed in the soil at some depth and is
attached to the RAD7 detector. In order to examine the
soil perfectly, it should be uniform and usually free
from rocks. Until counting, the hole was adequately
sealed to prevent soil-gas from interacting with air
from the atmosphere. The sampling of soil gas was
achieved with the aid of the grab mode. The soil was
sucked through a measuring instrument in a 5-minute
pumping process. This loop is repeated four times.
The RAD7 will include a description of the average
concentration of radon in soil gas after half an hour.
This method uses a very limited amount of soil and
gives a fast reading [59].

The Canister Procedure used by several groups
has also been adapted to assess the concentration of
soilradon gas [60-63]. The soil samples to be analyzed
from different regions were collected and then dried in
an oven at 110 °C for a period of 24 hours to extract
moisture and some fine soil powder was stored in dif-
ferent canisters. SSN'TD was attached to the bottom of
the lid and can finally be locked. After three months of
exposure, SSNTD was removed from the lid and
etched in a 2.5N NaOH solution at 60 °C for 90 min-
utes. The engraved detectors are carefully cleaned,
dried and used for alpha counting by means of a spark
counter or optical microscope [60].

Activity concentration of radium, ***Ra,
thorium, >*’Th, and potassium, K

The soil is collected at a depth of 0.75 m from the
ground level to determine the activity concentration of
natural nuclides. This is provided for the selection of
natural soils. The samples are then transformed into a
known quantity of fine powder and dried in an oven.
Every sample is packed and sealed in an airtight con-
tainer to prevent moisture. After the exposure time
(~30 days) the sample activity is measured using the
HPGe/Nal(TI) detector. Samples were counted for a
duration of 72000 seconds for the HPGe detector and
10800 s for the Nal(Tl) detector [64, 65]. The activity
concentrations of 226Ra, 232Th, and *°K were then de-
termined from the photo peaks of >>°Ra, 23>Th, and K
respectively in the Multi Channel Analyzer.

RESULTS AND DISCUSSION

Tables 3-8 show the details of the district wide
annual indoor radon concentration in six states
Punjab, Himachal Pradesh, Haryana, Rajasthan, Uttar
Pradesh, and Uttarakhand, respectively. These data in-
clude mainly the indoor radon concentration and an-
nual effective dose to the residents obtained from ac-
tive (RAD7) and passive (Bare Mode, Twin Cup, and
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Table 3. The average annual value of indoor radon recorded in dwellings of Punjab
Sight o Bare mode Twin cup Pin hole RAD7
number District Concent{%tion Dose Concentrgtion Dose Concentrgtion Dose Concentrgtion Dose
[Bqm 7] | [mSv] [Bqm 7] [mSv] [Bgm 7] [mSv] [Bqm ] [mSv]

1 Hoshiarpur | ®”108 + 16 | 2[37] - - - - - -

2 Jalandhar-1 | 19125 +39 | 2[37] - - M36+5 | 1.27[71] (M43 +9 1.28 [67]
Jalandhar-II - - - - 1935 +5 | 1.38[72] - -
Jalandhar-I11 - - - - 13918 +3 | 0.66 [96] - -
Jalandhar-1V - - - - @40+ 14 | —[75] - -

3. Amritsar | 79122 +48 | —[37] - - G952 +5 | 1.5[102] 19 0.11 [68]

4. Bathinda-1 | 1"V154 + 31 | 3[37] - - 68 +6 | 1.7[102] 24 0.08 [68]
Bathinda-I1 - - - - - - N33 0.80 [148]

5. Faridkot @)76+7 [1.00 [37] - - 63 +5 | 1.7[102] - -

6. Ferozepur | “0107 +23 |1.83 [37] - - - - - -

7. Gurdaspur 9157 13.97 [69] - - - - 920 0.11 [68]

8. Ludhiana | @91 +21 |1.50[37] - — @98 +7 ~[70] - -

9. | Kapurthala-I - - - - @48 +6 | 1.54[66] @29 +8 1.04 [66]
Kapurthala-II - - - - ®42+5 | 1.69[67] - -

Kapurthala-III - - - - #9919+ 19 —[70] - -

10. Mansa 9107 +38 [1.80[37] - - (854 + 5 —[71] - -

11. Moga 2982 +5 |1.20 [37] - - - - - -

12. Mohali - - (1934 1+ 2 —[72] 327 1.61[149] -

13. Ropar #0929 + 19 |1.51[37] s 0.69 [147] 20 1.29[147] - -

14. Sangrur “963+8 |1.00[37] - - - - - -

15. Patiala @93+9 [1.80 [37] - - - - - -

16. Mukatsar | ©9102 + 18 |1.74 [37] - - (956 + 5 —[71] - -

17. Patnankot (5)138 347 [69] - - - - - -

18. Tarn taran - - - - @058 + 5 1.8 [97] - -

19. Fazilka - - - - (10719 4.58 [98] - -

20. | Chandigarh | ©139+7 P2.37[37] (9232 0.8[146] | "940+2 | 1.9[102]
Table 4. The average annual value of indoor radon recorded in dwellings of Himachal Pradesh*
Sight District Bare mode Pin hole RAD7
number Concentration [qun’3] Dose [mSv] |Concentration [qu’s] Dose [mSv] |Concentration [qu’3] Dose [mSv]

1. |Hamirpur ®464 + 123 7.92[37] (80)85 + 34 2.13 [80] 19189 4.7781]

2. Kangra 79253 +70 4.30[37] - - GN17+9 —[57]

3. Kullu 19796 + 118 5.07 [37] - - - -

4. Una 09315 + 158 5.37 [37] - - (1999 + 2 2.48 [58]

5. Mandi (6994 1.61 [82] - - - -

6. Shimla 194 4.88 [69] - - - -

*Twin cup data is not available for this district.

Pin Hole) techniques. A superscript added in the indoor
radon values shows the number of dwellings used in the
survey.

SOIL SURVEY

Tables 9-14 show a soil survey which presents the
radon concentration, surface exhalation, mass exhala-
tion and radium concentration in six states reported by
various researchers. The superscript added to the con-
centration shows the number of dwellings. To carry out
the exhalation study various researchers used different

techniques like the canister technique, RAD7 moni-
tor, smart radon monitor etc, tabs. 15-17.

ACTIVITY CONCENTRATION

Tables 18 and 19 show the activity concentration
of natural radionuclides in Punjab, Himachal Pradesh,
Haryana, Rajasthan, and Uttarakhand, respectively.
These data mainly include concentration of natural
radionuclides 22°Ra, 2*2Th, and “°K with their respec-
tive doses. It also shows the annual effective dose due
to these radionuclides. The superscript added to the
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Table 5. The annual average indoor radon values recorded in the dwellings of Haryana*

Bare mode Twin cup Pin hole
Sight number Distric Cor[llgzrrxrtl{egﬁion Dose [mSv] COF]%ZI;:){%?OH Dose [mSv] Cor[llgzrrlrtlt%ﬁion Dose [mSv]
1. Ambala-I 19138 + 45 2.36 [37] (994 + 8 4.0[13] @29 +6 —[88]
Ambala-II - - (1913 1+ 1 0.68 [44] - -
2. Bhiwani-I ©107 + 11 1.85 [37] - - D50 + 22 1.11[89]
Bhiwani-II | 157306 + 194 —[37] - - - -
3. Faridabad ©134 + 11 2.31[37] - - - -
4. Fatehbad 9147+ 13 2.50 [37] - - (1979 —[90]
5. Gurgaon 70 +7 1.15 [37] - - - -
6. Hisar 29144 + 17 2.46 [37] - - (1046 ~[90]
7. Thajjar #5147 0.87 [37] - - - —
8. Jind ©61 + 11 1.05 [37] - - - -
9. Kaithal D66 + 7 1.14 [37] (10981 + 12 3.3[13] - -
10. Karnal ®71 + 11 1.21[37] - - Gn3+6 —[88]
11. Kurukshetra ®40 +7 0.69 [37] G079 + 7 3.1[13] (o1 +5 —[88]
12. Mahendragar |  ©99 + 11 1.71 [37] - - - -
13. Panchkula 9108 +27 1.84 [37] ®104 + 12 43[13] @24 +5 [88]
14. Panipat O134+13 2.30 [37] - - - -
15. Rewari ©115+ 11 1.98 [37] - - - -
16. Rohtak @70 +7 1.20 [37] - - - -
17. Sirsa 6991 +19 1.56 [37] - - 19738 —[101]
18. Sonipat )84 + 11 1.44 [37] - - - -
19. Yamunanagar | (7)118 + 11 2.03 [37] 1985+ 8 3.4[13] @36+ 6 —[88]
*RAD7 data is not available for this district.
Table 6. The annual average indoor radon values recorded in the dwellings of Rajasthan*
Bare mode Twin cup RAD7
Sight number District Cor[llgzrrlrtl{%ﬁion Dose [mSv] COF];ZI;:){%?OH Dose [mSv] Cor[llgzrsrtlg%ﬁion Dose [mSv]
1. Jaipur-I - - 959 +6 1.70 [104] - -
Jaipur-II 40 0.64 [107]
2. Jodhpur - - 75 0.96 [107] 1930 0.75 [53]
3. Nagaur - - - - (1034 0.85 [53]
4. Hanumangarh-I — - — - 25 ~[51]
Hanumangarh-11 - - - - 9124 + 11 2.12[109]
5 Sri Ganganagar | ©9143 + 21 2.45[105] - - 935 —[51]
6. Churu (19135 + 18 2.31[106] - - 26 ~[51]
7. Sikar (19153 + 28 2.62 [106] - - 939 ~[51]
8 Pali - - 37 0.60 [107] - -
9. Sirohi - - 110 1.75 [107] - -
10. Jalore - — 66 1.54 [107] - -
11. Jaiselmer - - 88 1.36 [107] - -
12. Udaipur - - 94 1.06 [107] - -
13. Barmer - — 60 1.54 [107] — -
14. Bikaner - - 59 0.94 [107] - -
*Pin Hole data is not available for this district.
concentration shows the number of dwellings. How- DISCUSSION
ever, the data for the activity concentration of
radionuclides is not available for the Uttar Pradesh dis- In the state of Punjab, tab. 3, indoor radon values
trict. are between 100-300 Bqm 3 which are well within the

reference level. However, if we compare the tech-
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Table 7. The annual average indoor radon values recorded in the dwellings of Uttar Pradesh*
Sight number District Bare mode Twin cup
Concentration [qu’3] Dose [mSv] Concentration [qu’3] Dose [mSv]
1. Bareilly - - 087 + 48 1.56 [113]
2. Faizabad - - 1961 + 28 2.21[114]
3. Shahjahanpur - - @328 —[115]
4. Farrukhabad - - 67 + 15 —[116]
5. Etah D256 + 7 4.8 [117] - -
6. Firozabad (90 + 32 1.08 [118] - -
7. Kanshiram nagar - - 1329 + 19 —[119]
8. Moradabad - - @219 —[120]
*Pin Hole and RAD?7 data is not available for this district.
Table 8. The annual average indoor radon values recorded in the dwellings of Uttarakhand
Sight o Bare mode Twin cup Pin hole Rad7
number District Concentration | Dose Concentrgtion Dose Concentrgtion Dose Concentrgtion Dose
[Bgm 7] [mSv] [Bgm 7] [mSv] [Bgm 7] [mSv] [Bgm 7] [mSv]
1. Almora — — - - 62100 —[127] -
2. Tehri Garhwal-1 | ®2110+42 | —[128] - - - - -
Tehri Garhwal-II 9114 —[54]
3. Dehradoon (M393 —[129] 6244 [130] | ©989+13 [125]1 | 985+36 | [126]
4. | Bhilangna valley 147 [131] - - - - -
5. Uttarkashi ®101 [56] - - 938 +40 | —[132] -
6. Pauri Garhwal ®76 [56] - - 3984 —[133] -
7. |Garhwal Himalaya - - (100)64 —[142] | (41 +44 | —[134] -
ng?;{lawyzlll - - 7 —[144] - - -
8. Kumaun — — 36 [144] — - -

Table 9. Radon concentration, surface exhalation, mass exhalation and radium concentration from soil samples in Punjab

mSl:Igﬂfjlé ) District Radon[g:]r;lclg%tration Sur[flelgqf;;gpzz}illgt]ion Nﬁﬁg Zigﬁllﬁg(]m Radiurr[l ]g:(;)l:l;gr]ltration Reference

1. Mohali-I (1935 1+ 7 1928 +5 197 46 - [72]

Mobhali-II - - @341 - [149]
2. Ropar-I 33 +11 2749 141 - [60]

Ropar-II 10930 +2 (1024 42 10 - [147]
3 Sangrur - @725 @921 914 [73]
4 Faridkot — 29702 @020 @15 [73]
5 Mansa — 29652 @919 2914 [73]
6. Patiala - 9520 915 911 [73]
7 Ludhiana - 29452 2913 @910 [73]
8 Moga — 29386 @911 ) [73]
9. Gurdaspur 9 +0.09 - - - [74]
10. | Hoshiarpur ©12 +0.26 - - - [74]
11. Amritsar D13 4+0.11 - - - [74]
12. | Kapurthala ©4 +0.10 - - - [74]
13. Tarn taran M9 +0.07 - - - [74]
14. Fazilka - @032 4+ 2 - - [98]
15. | Chandigarh - - ®5+1 - [102]

niques, then the values using the bare mode technique
are greater as compared to the pin hole twin cup, and
RAD7 technique. In the state of Himachal Pradesh
tab. 4, the Hamirpur District has higher values of in-
door radon using the bare mode which exceed the ac-

tion level. These high values of indoor radon may be
due to the presence of mineralization of uranium in the
area. Nonetheless by using the pinhole technique this
concentration is far less than the earlier reported con-
centration. These studies were done in the mineralized
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Table 10. Radon concentration, surface exhalation, mass exhalation and radium concentration from soil samples in
Himachal Pradesh

Sight number District Radon concg:%ltration Surface ex%alﬂtion Mass exhz}]lafi]on Radium concgntration Reference
[Bgm 7] [mBgm "h ] [mBgkg h ] [Bakg ]
1. Hamirpur 463 - - - [81]
2. Una-I 1017 - - - [58]
Una-II - 507 15 - [83]
3. Dharamshala D44+ 1 - - 6740 +2 [84]
. Chamba GI5+1 - - 693942 [84]
5. Kangra-I - 19806 (1874 ™19 [85]
Kangra-II D12 - - - [86]
Table 11. Radon concentration, surface exhalation, mass exhalation and radium concentration from soil
samples in Hareyana*
Sight number District Radon[lggrrlﬁgl ]t ration Sur[%l%eqf;(bziﬁt]lon N{iﬁ%gﬁ;} Efll(]m Reference
1. Kurukshetra - - ®55+3 [88]
2. Yamunanagar - - )52 + 6 [88]
3. Ambala-T - - W46 + 6 [88]
Ambala-1T 949 + 9 440 + 8 ©2 [145]
4. Panchkula — — W56 +7 [88]
5. Karnal - - W63 +6 [88]
6. Sirsa - 29499 @027 [101]
7. Bhiwani-I - 256 g [91]
Bhiwani-II - 22465 @225 [101]
Bhiwani-II1 - - 912 + 1 [103]
8. Fatehbad — — @932 [90]
9. Hisar -
*The radium equivalent concentration is not available for this district.
Table 12. Radon concentration, surface exhalation, mass exhalation and radium concentration from soil
samples in Rajasthan
Sight number District Radon concg}ntration Surface ex}lzakiiltion Mass exhailllagilon Radium concgntration
[Bgm 7] [mBgm "h ] [mBgkg h ] [Bakg ]
1. Bikaner (194870 + 146 [108] - - -
2. Jhunjhunu (194248 + 184 [108] - - -
Hanumangarh-I 624308 + 447 [109] - - -
Hanumangarh-I1 — 19508 [110] 1915 1110] (1913 1110]
4. Sri Ganganagar-I (197881 + 299 [59] - - -
Sri Ganganagar-IT — (19433 1110] 1913 1110] (911 [110]
5. Churu - (19407 [110] 1912 1110] 1910 [110]
6. Sikar —~ (19632 [110] 1919 1110] 1916 [110]

Table 13. Radon concentration, surface exhalation, mass exhalation and radium concentration from soil samples in Uttar
Pradesh*

Sight number District Surface exhalation Mass exhalation Radium concentration Reference
& [mBgm *h'] [mBgkg 'h™'] [Bakg ']
1. Bulandshahr @601 + 110 @223+ 4 14 +3 [121]
2. Etah 12700 + 1 (123 235+ 6 [122]
3. Farrukhabad - @91 +1 @747 [123]
4, Aligarh — @g @56 [124]
5. Mathura - @4 @3] [124]

*The radon concentration in soil is not available for this district.
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Table 14. Radon concentration, surface exhalation, mass exhalation and radium concentration from
soil samples in Uttarakhand*
Sight District Radon concgntration Surface exllza[?lltion Mass exh'illlagilon Reference
number [Bgm ] [mBgm “h] [mBgkg 'h ']
1. Almora - - (24)30 + 10 [135]
2. Bhilangna valley 20+ 1 - - [136]
3. Doon valley 7 - - [129]
4. Garhwal himalaya - - [137]
5. Tehri - (25)279 (25)187 [138]
6. Rajpur (15)6+3 - - [126]
*The radium equivalent concentration is not available for this district.
Table 15. Values of *Ra, 22Th, and “’K concentration and dose in Punjab
Sight o Radigm (226Ra) Thoriu@ (232Th) Potassium (4°K) Annqal
number|  DIStietConcentration| o g gy Coneentrat pose [msy]| ORI | nose (vl goge e |
1. Bathinda-1 ©s56 25.7 ©93 56.0 ©377 15.7 0.12 [64]
Bathinda-II 21 — 39.0 — 75 - — [68]
Bathinda-II1 - - 52+7 418 £20 0.3 [99]
2. Amritsar-I ©55 252 ©78 473 ©302 12.6 0.10 [64]
Amritsar-11 69 - 89 - 157 - - [68]
Amritsar-111 61+7 535+ 19 0.3 [99]
Amritsar-1V 65+2 29.88 95+2 59.37 155+1 6.44 11.7 [77]
3. Pathankot-I ©)43 19.7 ©10 41.9 ©331 13.8 0.09 [64]
Pathankot-I1 64+2 29.50 93+2 57.73 124 £ 1 5.15 11.3 [77]
4. Sangrur-I AR 11.6 969 + 5 42.8 9249+ 9 10.2 0.29 [75]
Sangrur-1II (1937 17.2 (1939 + 7 242 19471 + 46 19.53 0.29 [100]
5. Mukatsar 937 41 17.1 974+ 5 46.3 19359 + 7 12.8 0.38 [75]
6. Ferojpur ®43 + 1 19.7 ®102+5 63.6 ®325+7 13.5 0.47 [75]
7. | Hoshiarpur-I - - 19221 137.3 19920 38.02 0.90 [76]
Hoshiarpur-II 47+6 339+ 16 0.2 [99]
Batala 36+ 1 16.59 50+1 30.86 80+ 1 333 0.06 [77]
Gurdaspur-I 62+2 2891 78+2 48.82 165+2 6.84 0.10 [77]
Gurdaspur-11 54 - 80 - 145 - - [68]
10. Ludhiana - - (1957 31.74 (19570 23.58 0.33 [78]
11. Mansa ®hs 11.56 124 77.34 ©)332 82.66 0.50 [89]
12. Tarn tarn - - 50+7 - 419 £ 18 - 0.3 [99]
13. Faridkot ©129 13.50 66 41.29 ©293 12.14 0.33 [79]
14. Barnala 1936 + 7 16.6 (1041 +7 25.3 19422 + 40 17.4 0.28 [100]
Table 16. Values of *°Ra, *’Th, and “’K concentration and dose in Himachal Pradesh
) Radium(***Ra) Thorium(***Th) Potassium(*’K) Annual
msliﬁ’lgér District Concentrg]tion Dose Concentrg]tion Dose Concentrgltion Dose eﬂ;fstéve Reference
[Bakg ] [mSv] | [Bqkg'] [mSv] [Bakg ] [mSv] | [msv]
1. Kangra 56.74 26.11 87.42 57.97 143.04 6.245 0.10 [77]
2. Una 45.68 21.10 17.11 10.33 1444.04 63.96 0.3 [87]
3. Chamba 63.8 29.51 91.56 55.31 340.78 14.21 0.12 [64]
4. Hamirpur 44.21 - 93.10 - 174.48 — - [95]
zone of the Hamirpur area. In the rest of the areas in Complex, where a higher content of natural

Himachal Pradesh the concentration using the bar
mode technique is more similar to the one in the other
techniques. In the state of Haryana, tab. 5 the Bhiwani
district has higher values of radon concentration be-
cause the study was completed in the Tusham Ring

radionuclides exists. This study was completed using
the bare mode. The rest of the areas have a radon con-
centration well within the limits. The studied areas of
Rajasthan, tab. 6, and Uttar Pradesh, tab. 7, also have
radon values well within the recommended limits. In
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Table 17. Values of **°Ra, >*’Th, and “’K concentration and dose in Haryana

Sight o Radiur'n (226Ra) Thoriu.m (232Th) Potassi'um (4OK) Annu_al
number District Concentration Dose Concentration Dose Concentration | Dose effective | Reference
[Bqkg '] [mSv] [Bgkg '] [mSv] [Bqkg '] [mSy] | dose [mSv]
1. Sirsa 197793 11.99 197355 452 19786.73 12.03 0.34 [92]
2. Hisar 191779 8.20 (1945 45 28.31 (19359 96 14.90 0.25 [93]
3. Fatehbad ®19.918 9.18 ®39.97 31.45 ®346.04 14.32 0.27 [94]
4. Sirsa @105.82 48.78 258,99 36.7 @1008.5 41.7 0.625 [94]
5. Kurukshetra 176.35 55.9 Mg9.7 31.14 17522 31.14 0.6 [94]
6. Bhiwani-I 5410 24.94 180.46 50.12 71778 29.71 0.513 [94]
Bhiwani-II (912,00 - (94670 - (149309.07 - 0.23 [103]
7. Jhajjar 92,56 42.67 5878 36.62 1776.83 32.16 0.55 [94]
8. Rohtak 16.43 7.57 4565 28.44 139823 16.49 0.26 [94]
Table 18. Values of 226Ra, mTh, and “’K concentration and dose in Rajasthan
Sight o Radium (**°Ra) Thorium (**>Th) Potassium (*K) Annual
number District Concentration | Dose | Concentration Dose Concentration Dose effective |Reference
[Bakg'] | [mSv] |  [Bqkg'] [mSv] [Bakg '] [mSv] |dose [mSv]
1. Jodhpur (1924 + 9 11.1 (1952 + 10 32.5 19627 + 146 26 - [111]
2. Nagaur (194 1+ 9 11.2 1957 + 11 35.7 (19471 + 135 19.7 - [111]
3. |Sri Ganganagar| 955+ 10 25.3 19722 + 8 132 | 191620+224 | 674 0.65 [112]
4. Hanumangarh | 956+ 11 | 26.1 (1924 +8 143 (191577 +23 65.7 0.65 [112]
5. Churu 950+ 10 | 23.1 (1995 +8 9.1 (191683 + 229 70 0.62 [112]
6. Sikar U098 +10 | 22.1 1915+ 8 9.3 191630 +225 | 67.8 0.60 [112]
Table 19. Values of 226Ra, mTh, and “’K concentration and dose in Uttarakhand
Sight o RadiuTn (**°Ra) Thoriu.m (***Th) Potassil.lm “K) Annual
number District Concentration Dose Concentration Dose Concentration | Dose | effective | Reference
[Bakg '] [mSv] [Bakg'] | [mSv] | [Bgkg'] | [mSv] |dose[mSv]
1. HK;‘n“;f‘;‘yg 67+7 - 79+6 - 887 +73 - 0.6 [139]
2. Uttarkashi (193] - (930 - (19583 - 0.26 [140]
3. Ig’;‘;gg;; @30 - @96 - 9329 - 0.18 [141]
4, Almora 948 + 9 - 945 + 8 - 92059 £260 | - - [135]
5. &E‘ﬁ?ﬁg (9g] - 9119 - (19134 - - [143]

Uttarakhand, tab. 8, the Doon valley of Dehradoon has
a high concentration of radon which is due to adsorbed
uranium in the carbonaceous shales. The radon escape
is rapid through weak planes connected in depthdeep
with the main boundary thrust and thus this results in a
high concentration of radon. The rest of the areas has
have a radon concentration well within the limits. The
rate of increase of concentration of radon also depends
on the rate of exchange between indoor and outdoor
air, which depends on the construction of the house,
ventilation conditions and the air tightness of the
buildings.

Tables 9-14 shows a soil survey of six states
which is done with various techniques: Canister,
Smart Radon Monitor, RAD7, Alpha Guard, and soil
gas probe. The recorded values of radon concentra-
tion, exhalation rates in Punjab, Haryana, Rajasthan,
Uttar Pradesh and Uttarakhand are lower than the

worldwide average values. In the Hamirpur area of
Himachal Pradesh the recorded value of radon in soil
is higher which may be due to the presence of mineral-
ization of uranium in this area. The concentration of
radon in soil also depends on the amount of uranium in
the underlying rocks and soil. Rocks and stones con-
tain veins of radioactive materials that decay into ra-
don. When radon released from rocks outside dissi-
pates in the outdoor air, the radon in rocks directly
goes through small cracks into the home. Thus, radon
from rocks affects indoor air which ultimately affects
the inhabitants of the home.

Tables 15-19 show the activity concentration of
natural radionuclides in Punjab, Himachal Pradesh,
Haryana, Rajasthan, and Uttarakhand, respectively. In
Punjab, (tab. 15), the higher concentration of 23>Th
was observed in Bathinda, Amritsar, Sangrur,
Hoshiarpur, Ludhiana, and Mansa which might be due
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to the mineralization and high content of thorium in
soil. In some districts, higher content of radium and
potassium is observed which might be due to the use of
potassium rich fertilizers for agriculture. In the Una
district of the state of Himachal Pradesh (tab. 16), the
potassium content is on the higher side which may be
due to the mineralization and use of construction mate-
rial. The Sirsa district of Haryana has a higher value of
radionuclides. In the state of Rajasthan, the content of
potassium is on the higher side which may be due to
the use of fertilizers in agriculture. A higher content of
radionuclides was also observed in some of the areas
of Uttarakhand.

CONCLUSIONS

In the present study, the results of indoor radon
concentration, exhalation rates, activity concentration
of natural radionuclides (**°Ra, 2*2Th, and *°K) in six
states of northern India Punjab, Haryana, Himachal
Pradesh, Rajasthan, Uttar Pradesh and Uttarakhand
are shown. From tabs. 3-18 ithas been concluded that:

o Indoor radon values lie well within the recom-
mended limits in all states except the Hamirpur district
of Himachal Pradesh, Bhiwani district of Haryana and
Doon valley of the state of Uttarakhand. This may be
due to the mineralization of uranium, higher content of
uranium and absorbed uranium in the carbonaceous
shales.

e Radon levels in homes can be reduced by:

— Increasing the under floor ventilation,

— Improving the sealing of floors and walls, and

— Avoiding the passage of radon from basements
into living rooms

Improving the ventilation of a house:

e Values of radon concentration in soil, exhala-
tion rates in Punjab, Haryana, Rajasthan, Uttar
Pradesh and Uttarakhand are recorded lower than the
worldwide average values except in the Hamirpur dis-
trict of Himachal Pradesh. This may be due to the pres-
ence of mineralization of uranium in this area. This
may also be due to the increased amount of uranium in
rocks and soil.

e Recorded values of the activity concentration
in Punjab, Haryana, Rajasthan, Uttar Pradesh and
Uttarakhand are also discussed. In some districts of
Punjab, the higher concentration of 2*’Th was ob-
served which might be due to the mineralization and
high content of thorium in soil. In some districts of
Haryana, Rajasthan and Uttarakhand, higher content
of radium and potassium is observed which might be
due to the use of potassium rich fertilizers for agricul-
ture, mineralization and use of construction material.
By lowering fertilizer use and mineralization, the
higher values of radionuclides can be reduced.
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Pynunpgepynt KAYP, Mun IIUKA, Cynput ITan CUHI, Buman MEXTA

PAIOH Y OKPYXEBY, JAYUMHA EKCXAJTAIIMJE M KOHIIEHTPALIMJA
AKTUBHOCTH 236Ra, 232Th, 1 ¥K Y CEBEPHOJ UHINJU

Jbyncka 6uha M3nMOXKeEHa Cy CTalHO PaMOaKTHBHOCTH y OKpyXewy. bynyhu fma cy riaBHu
U3BOPH MITETHOT 3pavueHa PAgHOHYKIUAN KOjU ce Hajlaze y aTMoc(epH, MOTY pe3yJITUpaTH 3HauajHIM
MOTEHIMjaTHUM PU3UKOM 3a KuBa 6mha. Ha 3eMibHOj TOBpIIMHY, paIUOAKTUBHY €JIEMEHTH YPAHUjYM U
PajiujyM IPUPOTHO CY IPUCYTHH, ToNprHOCehN racoBrMa pajjoHa ¥ TOPOHA Y 3aTBOPEHOM IIPOCTOPY, Kao I
CHOJbAllIk0] CPEANHH, 3eMJbU 1 BOfIU. PajioH je jeflan o HajBaXXKHUjUX 3arabuBaya Koju je, Iocye myliemha
nqurapeTa, Ipyra Hajuenthe y3pok crBapama paka miyha. Y cnen 3a6puHyTOCTH 3a 3[[paBibe, MHOTOOpOjHE
UCTpakKMBauyKe OpraHU3alyje mpefys3ene cy OpojHe MOocIoBe Kako OM OTKpwie HuBOe 3arabmBava Ha
pasImIATAM JIOKalmjaMa y cBeTy. OBaj paj je MOKyIIaj Aa ce CBEOOYXBATHO M3BECTU O CBUM OBHMM
CTyIMjaMa ca pa3InyuTUM TeXHHKaMa Koje ce cripoBofie y CeBepHoj MIHuju, Tako a Ou cKopuja nmpoleHa
HIBOA pajloHa y 3aTBOPEHOM Morja ja Oyfae MepofiaBHa 3a faJbW paj Ha oBoM mosby. lllect cemep-
HOWHJIMjCKUX JIpKaBa, To jecT, [Tanna6, Xapjana, Xumaxan I[Ipapem, Paniactan, ¥Yrap IIpapem n Yra-
pakauf, y3eTe cy Ha rucrinT. OBa cTyAmja Takobhe mpyska mojaTke o jaumHaMa eKcXaJlalyje 1 KOHIIEHTpaImje
AKTHBHOCTH NPUPOAHUX paguonykmuaa (*>°Ra, Th, n *°K) npucyTHux y oBUM jpxKaBaMa.

Kwyune peuu: padon y 3aitieopeHoj cpeOutu, opoH, jauuna excxaaayuje, 200utiiiba 003d,
KOHUEHIUpayuja akiiueHo ciiu




