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ABSTRACT

Fly ash from a thermal power plant is spread anstrithuted in the surrounding area by air and maydaposited
on the soil of the region surrounding the thermaiver plant on which the dwellings are constructedoor radon

concentration depends on the characteristic of $b#, the type of building structure, ventilatioongdition and

occupant’s behavior. The present study represémsrteasurements of indoor radon and its progengemnation

in the dwellings constructed in the surroundingsNaitional Thermal Power Corporations (NTPCs) sitdtat

Badarpur (Delhi) and at Dadri, (U.P.) India. LR-11$pe-Il solid state nuclear track detectors fixaua thick flat

card were exposed in bare mode. Keeping the radidtazards of radon for general population in miticg annual
effective dose in these dwellings has also beeaulzdéd. The results for radon levels and annutdative dose are
found to be below the recommended action levels.
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INTRODUCTION

Direct measurement 6fRn (radon) and its progeny in indoor air is impottir assessing the natural background
radiation exposures received by the general papulahrough the inhalation route [1]. The studiese shown that
more than 50% of annual exposure to humans is feston and its daughter products [2]. Rad6fRn is a natural
radioactive noble gas directly produced by the desfa®®®Ra, resulting itself from the radioactive decay’5t)
.Being an inert gas (having life time 3.8 days)omdioes not chemically react with environmentibaan diffuse
through the soil and enter the atmosphere. Thel sdfiha active decay products of rad6iRo, ?**Po) become
airborne and attach themselves to the dust pastielerosol and water droplets in the atmospheréwhilings, the
radon is generated from radium present in soilstraoted materials and water. Radon and its daughtalucts
may pose a significant health hazard when condewtia poorly ventilated and badly designed ho@$e [

Radon gas decays overtimes into radioactive pastittiat can be inhaled and trapped in the lungisese daughter
products remain air borne for a long time and adimeee to the epithelial living of the lung, thengitradiating the
tissue. The exposure of population to high conegiotns of radon and its daughters for a long pefead to
pathological effects like the respiratory functibolanges and the occurrence of lung cancer [4].

Keeping the radiation hazards of radon for genpogdulation in mind, a systematic study of the indoadon
concentration is done. For this purpose, radon ureagents have been carried out in a number of awslliaround
the NTPCs (National thermal power corporations)atiéd at Badarpur (Delhi) and at Dadri, (U.P.) éndi
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MATERIALSAND METHODS

For the measurement of radon levels in the dwedlinB-115 type-ll solid state nuclear track detect@SNTDs)
were employed. LR-115 type-Il is mainly detects #ifygha particles of range 0.17 to 4.8 MeV and iafietted by
electrons, x-rays angrays. A small strip of LR-115 type-ll solid stataclear tracks detector film of size 2 x 2 cm.
fixed on a thick flat card was exposed in “bare sio®everal detectors were mounted at differerdtions such as
drawing room, kitchen and bed room, inside the dmgd for a period of 100 days, at a height of mtivan 2
meters above the ground level and about 1 metembtle ceilings and away from the walls. The detecounted

in this condition viewed a hemisphere of radiuteast 6.9 cm. and can record alpha particle framraisphere of
air of this radius which corresponds to the ranfjalpha particles fromi*®Po [5]. No surface was closer than this
range as the decay products would acts as an rnaatge source ofi-particles. Detectors were mounted vertical
and locations were so selected that dust colleaiiothe detectors to be minimum. After an exposime of 100
days, detectors were removed and etched using I98DH solution at 60C for 90 min. in a constant temperature
water bath. Then, these SSNTDs were washed, dmet sganned under a binocular microscope with a
magnification of 400x track density measurements.

All a-particles that reach the LR-115 type-ll SSNTDgwétresidual energy are registered as bright thatds. The
track density on the detector is related to themid! alpha energy concentration expressed in grkevel (WL)
units. WL is the concentration of any combinatidmazion progeny corresponds to 1.3 XMeV of PAE per liter
of air. The track density registered in the bareecter will, therefore, be a function of radon peag concentration
in air. The radon concentrationJRn (Bq m™) is calculated using the following relation [6, 7, 8

R, (Bg m™®) = [WLx3700] / F (1)

where, F is the equilibrium factor for radon talas10.4 as suggested by UNSCEAR [9]. To obtain thterfial
Alpha Energy Concentration (PAEC) of radon progenynWL, it is essential that LR-115 type-Il detecfidms
should be calibrated with a known radon concemmatinder the conditions almost similar to thosechligrevail in
Indian dwellings. For this purpose, the detectoerewcalibrated in a radon exposure chamber at db#ity
available at the Environmental Assessment DivisibrBhabha Atomic Research Centre, Mumbai [10,. THe
mean calibration factor for LR-115 type Il detecteas found to be 442 tracks édi* per WL. The effective dose
equivalent to the occupant of the house estimatad PAEC levels. The estimation based on the caiwerfactor
of 4mSv/WLM recommended by ICRP [12] for home expescondition based on epidemiological approach.

Table 1 Indoor radon levelsin some dwellings around the NTPC, Badar pur, (Delhi), India

. PAEC | Radon activity | Annual effective
S. No. L ocation (MWL) (Bqm") dose (MSv y'!)
1. Drawing room 4.7 43.5 1.5
2. Drawing room 7.4 68.4 2.3
3. Drawing room 14.4 133.2 4.5
4. Drawing room 21.7 200.7 6.8
5. Kitchen 28.9 267.3 9.1
6. Kitchen 27.1 250.7 8.5
7. Bed room 25.3 234.0 7.9
8. Bed room 23.5 2174 7.4
9. Bed room 19.9 184.1 6.2
10. Kitchen 30.7 284.0 9.6
11. Bed room 16.3 150.8 5.1
12. Kitchen 25.3 234.0 7.9
13. Kitchen 12.7 117.5 3.9
14. Kitchen 27.1 250.7 8.5
15. Kitchen 11.2 103.6 35
Average Value  19.7 182.7 6.2

RESULTSAND DISCUSSION

Table 1 presents the results for radon levels,npiafealpha activity and annual dose in the dwehlirsurrounding
the NTPC (National thermal power corporation), Bada, (Delhi), India. Potential alpha activity vainpm 4.7 to
30.7 mWL with an average value of 19.7 Mwl and ratizvels in the dwellings vary from 43.5 to 284.6 B° with
an average value of 182.7 Bg®mAnnual effective dose has found to vary from tb.®.6 mSv ¥ with an average
value of 6.2 mSv V. Table 2 presents radon levels, potential alphivigcand annual dose in the dwellings
surrounding the NTPC (National thermal power coapion) Dadri, (U.P.), India. Potential alpha adjiwary from
5.4 to 30.0 mWL with an average value of 17.4 m\ild aadon levels in the dwellings vary from 50.2%6.2 Bq
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m® with an average value of 161.1 B¢ mnd Annual effective dose has found to vary frafhtt 9.4 mSv y with
an average value 5.5 mShy

Table 2 Indoor radon levelsin some dwellings around the NTPC, Dadri (U.P.), India.

Table 3 Comparison of radon levels, PAEC and annual effective dose with some I ndian cities.

S No L ocation PAEC | Radon ac;'givity Annual effec'{ilve
T (mWL) (Bgm™) dose (mSv y™)
1. Kitchen 27.7 256.7 8.7
2. Kitchen 26.2 242.8 8.2
3. Drawing room 11.2 103.2 3.5
4. Drawing room 13.0 119.9 4.1
5. Drawing room 7.0 64.2 2.2
6. Kitchen 29.3 270.7 9.2
7. Drawing room 25.3 234.4 7.9
8. Drawing room 22.9 212.1 7.2
9. Kitchen 19.6 181.4 6.1
10. Drawing room 19.3 178.6 6.0
11. Drawing room 8.7 80.9 2.7
12. Drawing room 5.7 53.0 1.8
13. Bed room 11.2 103.2 35
14. Bed room 11.8 108.8 3.7
15. Bed room 14.8 136.7 4.6
16. Bed room 17.8 164.6 5.6
17. Bed room 23.8 220.4 7.4
18. Bed room 26.8 248.3 8.4
19. Kitchen 30.0 276.2 94
20. Bed room 5.4 50.2 1.7
21. Kitchen 19.0 175.8 6.0
22. Bed room 19.3 178.6 6.0
23. Bed room 16.3 150.7 5.1
24. Kitchen 10.6 97.7 3.3
25. Bed room 12.7 117.2 4.0
Average Value 17.4 161.1 5.5

Cities PAEC | Radon activity | Annual effective
(MWL) (Bgm?) dose (mSv y?)

Eravipuram (Kerela) 14.2 131.7 4.5
Panmana (Kerela) 24.0 222.1 7.5
Thankassery (Kerela) 17.5 144.7 5.5
Deharadun (U.A.) 7.9 64.8 2.5
Mathura (U.P.) 12.6 103.8 3.9
Agra (U.P.) 9.7 80.3 3.1
Banswara (Rajasthan) 11.8 95.5 3.6
Palampur (H.P.) 15.1 123.8 4.7
Baijnath (H.P.) 17.8 146.8 5.6
Bhatinda (Punjab) 14.9 125.6 4.8
Around the NHPC
(Arunachal Pradesh) 16.6 158 23
Around NTPC, Badarpu
(Delhi) (Present study) 19.7 182.7 6.2
Around NTPC, Dadri.
(U.P.) (Present study) 17.4 161.1 55

There is large variation in the values obtainedce Tddon activity depends upon the many factorsdikie beneath
the house, building materials, ventilation conditicetc. Indoor radon levels and radon effectivesdme higher
especially in kitchen as compared to other locatidtigh values of radon activity may be due touke of water
and cooking gas in kitchen, as cooking gas consonsany radioactive elements. Radon concentratasfound
to be lowest in bed room. The International Comimis®n Radiation Protection (ICRP) [13] has recomdes that
remedial action against radon and its progenystfied above a continued effective dose of 3mi®v y' has
been proposed. The action level for radon actisftguld be in the range 200-600 BgnThe measured values are
below the recommended action levels and hencepadé none serious health risk.

A comparison of PAEC values, radon levels and aneffiactive dose in the dwellings of different e#iin India [3,
7] is present in Table 3. Our results show the drighalues of radon activity as compared to othexsept only one
.The maximum value of radon activity was found éohighest in the dwellings of Panmana city in Kaf@]. This
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city is situated in the vicinity of High Backgroumdtea. The higher results for radon levels, PAEQues and
annual effective dose in this study are may betduke presence of thermal power plants.

CONCLUSION

Radon concentrations were measured in bed rooiteekis and drawing rooms of 40 dwellings surrougdire
NTPCs situated at Badarpur, (Dehli) and at DadlriP(), India. Maximum value of radon concentratieess found
in kitchen may be due to the use of fuels like despsene etc. and water. Radon concentrationsaandal
effective dose are well below the recommended lgaife values. It is found that radon activity arabon effective
dose rate depend upon many factors inside the itdgyellVentilation plays an important role as fattasproblem is
concerned. Computed data indicates that regioaféswgithout posing significant radiological thréatpopulation.
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