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ABSTRACT

Indoor radon measurements in some dwellings of Rajasthan and Delhi areas have been carried out using LR-115
type 11 Cellulose Nitrate films in the bare mode. The Radon values vary from 22.30 Bg/m?® to 219.3 Bg/n?® in the
Delhi region and 55.76 Bg/m?® to 107.80 Bg/m® in the Rajasthan areas, which is well within the recommended action
level. The Radon concentration in water samples of some locations of Rajasthan and Delhi have also been measured
by using RAD 7. The radon values vary from 0.581 Bq /| to 1.54 Bq /| in the Delhi region and from 0.0342 Bq / | to
3.45 Bg /| in the Rajasthan region.The Radium concentration in soil samples have been found to vary from1.74 Bq
/ Kg to 5.03 Bq / Kg in the Delhi region and from 1.97 Bq /Kg to 2.91 Bqg /Kg in the Rajasthan region. The values
are found to be within the safe limits. Some of the physic-chemical properties such as pH, conductivity, hardness
and total dissolved solids (TDS) have been reported in water samples. The results reveal that these areas are safe
from the health hazard point of view as the radioactivity is concerned. A weak correlation has been observed
between radon and radium.
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INTRODUCTION

The exposure due to inhalation of radon and itsgbars present in the environment is highest of rtatural
radionuclides to which human beings are exposdd.dh established fact that the enhanced leveisdoor radon
in dwellings can cause health hazards and may cseriseus diseases like lung cancer in human beibgs.
Therefore measurement BfRn concentration in the environment is of specigriest to mankindRn is a noble
radioactive gas produced by decay®8Ra, which is a member 61U series. By diffusion through sof?Rn enters
into the atmosphere. The concentration of radoni@ndiecay products show large fluctuations dependpon the
building materials, underground soils, ventilatemmditions and wind speed etc. [4-6].

Uranium, the heaviest radioactive toxic elemenfoisnd in almost all types of soils, rocks, sandsl avater.
"Henshaw et al. (1990) has claimed that indoor ragqosure is associated with the risk of leukaeanié certain
other cancers, such as malenoma and cancers &idiey and prostate. If uranium rich material l#sse to the
surface of earth there can be high radon exposrarts [8-10].

Radium is a solid radioactive element under ordir@nditions of temperature and pressure. It detaysdon
emitting a-particles followed byy-radiations. It is the concentration of radium whigoverns how many radon
atoms are formed. How many of the produced radomsileave i.e. emanate from, the mineral grain aiten and
enter the pore spaces depends on ; where the radams are situated in the grain, the texture @elaf the grain,
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the permeability of the grains, temperature andgsue [11-13]. The measurements of radon thus sitatesthe
need for uranium and radium estimation in the pasearce for public health risk measurements.

Various physio-chemical water quality parameteke IpH, conductance, hardness and total dissolvédssim

drinking water samples were also measured. It badinect adverse effects on health. However a loxaére below
4 will produce sour taste and higher value abo%ea8.alkaline taste [14]. Conductance is the meastithe ability
of an aqueous solution to carry an electric curréhe elevated dissolved solid that conductandécaites can
cause mineral taste in drinking water. TDS is #ent used to describe the inorganic salts and samadlunt of
organic matter present in solution in water.

Uranium, radium and radon exhalation studies hasenbcarried out in Hamirpur, Kullu and Una distictf

Himachal Pradesh [15,16]. However in the presewtstigations, the survey has been carried outtfirst for the
measurements of radium and radon exhalation rate §ome soil samples of some areas of Rajasthébalti.

The radon concentration in dwellings and in theewaamples has also been reported from the sarmas. drlee aim
of the work is to estimate the radium and radortetrfor health risk assessments in the study @meattempt has
also been made to find a correlation between ttieimaand other water quality parameters.

MATERIALSAND METHODS

To understand the migration and exhalation of raidosoils of different areas of Rajasthan and Ddimlia. The
soil samples were collected from different villagpegonging to these areas.

2.1.1 Measurements of radon exhalation rate and radium concentration

The ‘can technique’ [17] has been used for the mmeasent of radon exhalation rates in soil sampsesh@wn in
Fig.A.1. The samples from different villages weireefy powdered and sieved through a 200 mesh s&he fine
powder (250 g) of soil sample from each village wksed and sealed in different bottles for 30 dayss to attain
the equilibrium. After one month, LR-115 type 2 gila track detectors were fixed on the top insifi¢hese glass
bottles (acting as emanation chambers). The bottise then sealed and left as such for 90 dayshabthe
detectors can record-particles resulting from the decay of radon. Thkposed detectors were etched in 2.5N
NaOH solution at 6T for two hours using a constant temperature BEti. tracks were counted using an optical
microscope at 400X magnification.

The radon exhalation rate in terms of area is t¢atled from the equation [17,18]
C¥Y
En = (A1)
AT + 1A (e"-1)]

where E is the radon exhalation rate expressed in BV is the effective volume of the bottle ir’nT is the
exposure time in hour (h)\ is the decay constant for radon'(tand A is the area of the bottle ymThe radon
exhalation rate in terms of mass is calculated ftlognexpression :

CW
Ey = (AZ)
M [T + 1A (eM-1)]

Here K, is the radon exhalation rate in terms of massk@th™) and M is the mass of rock sample (250 gm).

The ‘can technique proposed Bylter and Price (1972) and later developed$8omogyi (1990) has been used to
calculate the radium concentration in rock samplég radium concentration in rock samples was ¢atied using
the relation :

L hA
Cragium= -~ (A.3)

where Gaaumis the effective radium content of rock sample i8d), M is the mass of rock sample (250g), A is the
area of cross-section of bottle (7-85° ), h is the distance between the detector andoihef the rock sample
(0.153 m), K is the sensitivity factor, which isuedjto 0.0245 tracks cid™ per Bq nT [21] and T is the effective
exposure time which is related with the actual expe time T and decay constanfor?*Rn with the relation :
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1
T=T-- (1-€") (A.4)
A

2.1.2 Radon concentration measurementsin water

For radon in water measurement, the RABDHclosed loop aeration method has been employed; RAD7
continually measures radon and thoron concentrasibowing both on a spectrum printout, and alsetfons as a
sniffer with audible count signal to locate radarirg points. The unit features the fastest resp@mk recovery
time of any system on the market, and is able tasme radon concentrations at the 200 Balation level in less
than 1 hour with 10% standard deviation. The viralzsence of intrinsic background (0.2 Bymjives the RAD7
an extremely low detection threshold, easily meaguvelow 4 Bg/m The instrument is microcomputer controlled,
featuring step-by-step instructions for ease of Uise instrument is a complete, portable standeakystem with a
built-in air pump, supplied in a rugged carryingeatotal weight 5 kg. Additional accessories allo@asurement
of radon in soil and water (continuous and sampd@sarement); the RAD AQUA continuous water measargm
accessory allows measurement of water radon temetly low concentrations, whereby the air voluméd amater
volume are constant and independent of the floe fElte air circulates through the water and cootilsly extracts
the radon until a state of equilibrium developse RAD-H,O system reaches this state of equilibrium withiow

5 minutes, after which no more radon can be exthfiom the water. The extraction efficiency, orgemtage of
radon removed from the water to the air loop, iy \egh, typically 99% for a 40 mL sample and 94664 250 mL
sample. The RAD kD gives results after 30 minutes analysis with @sisiwity that matches or exceeds that of
liquid scintillation methods.
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Fig. A.1: The apparatus used to study the radium and radon exhalation rate of soil samples.

L]
"
1,

2902
Pelagia Research Library



Ajay Kumar et al Adv. Appl. Sci. Res., 2012, 3(5):2900-2905

2.1.3 Measurements of radon Concentration In air

In the present investigations the inddGfRn concentration has been studied in dwellingsahe areas of
Rajasthan and Delhi. The houses were chosen ragd®i track etch detector technique has been tosetasure
the level of indoor radon concentration in the dimgs. The LR-115 type 2 (Pelliculable) plasticckadetectors
having a size of about 1.5 cm x 1.5 cm fixed onrmiglass slides were suspended at the centre obtm in the
bare mode for a period of three months to asdesssariations of indoor radon concentration levél.the
measured dwellings have a single floor level (gtbfinor). The exposed detectors were etched inN218aOH
solution for 90 minutes in a constant temperatuth I§6GC). After etching the detectors were thoroughly ek
and scanned manually for track density measuremasitsg Carl Zeiss binocular optical microscope at a
magpnification of 400X. The track density so obtaireas converted into the units of Bdrasing the calibration
factor (0.020 +0.002 tracks cfh d* /Bgm® [22] which satisfies the conditions prevailingtire Indian dwellings.
The average background track density for the unsegbdilms of LR-115 type 2 detector was found ta3beracks
cmi” and this value was subtracted from the observhdsa

2.1.4 pH, TDSand Conductivity M easur ement

For the measurement of pH, Conductivity and TDSmaes of water was collected from natural grouradew
source in some areas of Rajasthan and Delhi. Wadelity Kit is used to monitor pH, Conductivity aiddS in
groundwater. It is manufactured by Naina Solaiiited, New Delhi. It is calibrated with standamgion before
dispatch so it does not required daily calibratitbris calibrated only when the instrument is condusly off for
more than 150 hours.

Table 1 Values of radium and radon exhalation studiesin some soil samples of Delhi and Rajasthan

. . 1 Radon exhalation rate
S. No Location Radium concgr&Bq kg™) En(mBakghD) | Ea(mBamhy)
DELHI
1 Smaypur 1.74 2.15 7.12
2 Badli 5.03 6.21 20.5
3 Bhalasva 4.49 5.54 18.3
4 Yamuna-vihar 1.93 2.39 7.91
RAJASTHAN
5 Sikar 2.63 3.25 10.7
6 Lakshmngarh 1.97 2.43 8.07
7 Bisau 2.79 3.44 114
8 Ramgarh 2.71 3.34 111
9 Ratangarh 2.90 3.58 11.8

TABLE 2: The average Radon concentration in water samples recorded of six locations of Delhi and Five locations of Rajasthan

Sample no. Location Radon conc.(Bd/m Radon conc.(Bg/L)
DELHI
1 Pitampura 1540 1.54
2 Balbirnagar 991 0.99
3 Loni boarder 581 0.58
4 Peepli village 1470 1.47
5 Yamuna vihar 205 0.21
6 Smaypur 171 0.17
RAJASTHAN
7 Bisau 3450 3.45
8 Sikar 478 0.45
9 Ramgarh 1430 1.43
10 Lakshmangarh 8830 8.83
11 Ratangarh 34.2 0.03

RESULTSAND DISCUSSION

The values of radium and radon exhalation rateoihsamples from 09 villages of some areas of Rlagsand
Delhi, India are given in table A.1. It is eviddmim the table that the radon exhalation rate ihsamples varies
from 2.15 mBgkgh™ to 6.21m Bgkgh™® in Delhi region and 2.43 mBqkg™ to 3.58 mBgkgh™ in the Rajasthan
region. The radium concentration varies from 1Btgkg® to 5.04 Bq kg in Delhi region and 1.98 Bq Kg to
2.90. Bg kg in the Rajasthan area.

In the present investigations the observed valdeadium and radon exhalation rate are lower il soithose
determined in the soil of Una district B3Kumar et al. (2001) and also lower than those repoin the soil of
Hamirpur and Kullu districts of Himachal Pradest6423]. The values of radon exhalation rate andunad
concentration in rocks are quite low as comparetth wiose reported in the soil of Hamirpur distfit6].These
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values of radium concentration are also less thanpermissible value of 370 Bq kg24] and much lower than
those reported b§’Nageshwara Rao et al. (1996) afiittal et al. (1998) for Rajasthan area. This maydoe to
the fact that our sample collection is from theface whereas the others have reported work in thengharea of
this region. The values of radium and radon exlmaladre also below the recommended safe limit aednat
significant from the exploration point of view. Téiuhe results reveal that the area is safe assftine health hazard
effects of radium and radon exhalation are conckrieansport of radon / radium through the soils{eolargely
depends on the geology of the area, which inclitdelbgy, compression, porosity and structuraktadeics features
like thrust, faults, joints and fractures.

TABLE 3: Measurement of indoor radon concentration in the dwellings of the Delhi and Rajasthan Areas

3
S. No. L ocation No. of Dwellings studied Radon anc. Bg/m’)
Max min Average
DELHI
1. Pitampura 2 197.01| 241.61| 219.31
2. Balbir nagar 4 170.98| 33.45 | 204.44
3. Yamuna vihar 2 40.88 3.71 22.30
4. U.P.Boarder 2 92.92 | 74.34 88.63
5. Rohini 2 81.77 | 59.47 70.62
6. Navin shahdarg 2 174.70 | 115.23| 144.96
RAJASTHAN
7. Sikar 2 111.51| 104.07| 107.79
8. Ramgarh 2 52.03 | 44.60 48.32
9. Lakshmangarh 2 63.19 | 48.32 55.75
10. Bisau 2 74.34 | 37.17 55.75

TABLE4:- Measurement of pH value, Conductivity, Tds, Salinity in water samples of some locations of Delhi and Rajasthan area. These
water sampleswer e collected from canals, taps and submersible.

S.No. L ocation pH value | Conductivity (mslcm) | Tds(ppt) | Salinity (ppt)
DELHI
1 Pitampura 8.11 1.131 0.541 0.4
2 Balbir nagar 7.99 0.803 0.399 0.2
3 U.P.Boarder 7.70 1.412 0.706 0.6
4 Peepli Village 7.29 3.16 1.592 19
5 Yamuna river 7.96 0.861 0.422 0.2
6 Smaypur 8.02 0.397 0.197 0.3
RAJASTHAN
7 Bisau 7.08 3.83 1.926 2.4
8 Sikar 7.09 1.206 0.590 0.5
9 Ramgarh 7.03 3.92 1.966 25
10 Lakshmangarh 7.20 1.745 0.869 0.9
11 Ratangarh 7.25 1.653 0.828 0.9

The radon concentration levels recorded in the livgs of some areas of Rajasthan and Delhi arengingable
A.2. The radon concentration varies from 22.30 Bom219.31 Bg/rhin Delhi area and 55.76 Bgfro 107.79
Bg/n? in the Rajasthan area. The maximum value 219.3mBis found in Pitampura, Delhi as compared to
Rajasthan where the maximum value is 107.79 BaifmSikar district of Rajasthan. The higher vaafeadon in
Delhi area may be due to the fact that Delhi lieghe fault line.

Table A.3 shows the value of radon concentratiowater samples belonging to the areas of RajasthdrDelhi.
The values varies from 0.58 Bqg/l to 1.54 Bq/l ie elhi region and in Rajasthan area the valueesdrom 0.03
Bg/l to 3.45 Bg/l. The maximum value is found ire tBiasau of the Rajasthan area. This may be dtietteaching
of radioactive rich rocks in the area. Accordingt8EPA, The safe limit of radon concentration irtevaamples is
11 Bg/l. The values are lower than the recommerfeid in all the regions. Hence these areas are $af the
drinking purposes.

Table A.4 shows the values of pH, conductivity, T&I®l salinity in water samples from the study aréas pH of

water samples from Delhi areas ranges betweent@.294.1 and from Rajasthan areas ranging betweht@.7.25.

The safe limit for pH as recommended BWHO (1971) is 7.0-8.5. All the water samples exaape ( Pitampura
from New Delhi, pH value 8.11) have a pH value witthe safe limit. The Samples analyzed have comdtyc

values ranging from 0.397 to 3.92mS/cm (Table 4ye€ samples have been found to contain conductaices

more than the recommended levels [27]. Howevérastno health significance. High values of concha#an some
water samples confirm their natural mineralizati®he value of TDS in drinking water samples is fdua vary

from 0.399 to 1.966 ppt (Table A. 4).
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CONCLUSION

From the above studies it is concluded that:

1)The indoor radon concentrations in the dwellingd sadium in the soil samples lies below the reconued
limit so the studied areas is safe as far as th##thkazards effects are concerned.

2)The radon concentrations in drinking water samplss lies below the recommended limit by variousrages
but the value of Lakshmangarh area of Rajasthaarigaritibly higher than the nearby areas.

3)The values of drinking water quality parameters vy, conductivity and TDS below the recommendectlle
except few samples of conductivity which has shealnes more than the recommended levels.
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