












































































































































































































































































































































































































































































CHAPTER VI 

CONCLUSION AND SCOPE FOR FUTURE WORK 

This chapter compris th . . es e outcomes of complete research work earned out m 
dwellings and workplace f o· . F . . . s o 1stnct andabad, Southern Haryana, India. The entrre 

investigation was divided into four parts: 

Assessments of Radioactivity (Radon-thoron levels) in dwellings: 

l. Measurements of Radon-thoron levels in the dwellings in the vicinity of fly ash 

dumping site situated in Faridabad, Haryana, India and its seasonal variation 

during all the four seasons of a year. 

2. Measurements of Radon-thoron levels in the dwellings of high rise buildings of 

greater Faridabad, Southern Haryana, India and its spatial and seasonal variation 

during all the four seasons of a year. 

Assessments of Radioactivity (Radon-thoron levels) in workplaces: 

1. Measurements of Radon-thoron levels in the environment of multi-storied malls 

selected in Delhi NCR and Faridabad, Haryana, India and its seasonal variation 

during all the four seasons of a year. 

2. Measurements of Radon-thoron levels in the working environment of coal based 

thermal power plants in Haryana, India and its seasonal variation during all the 

four seasons of a year. 

6.1. CONCLUSION FROM THE MEASUREMENTS 

6.1.1. Measurements of Radon-Thoron Levels nearby Fly Ash Dumping Site 

In first case study assessments were done in the dwellings nearby the fly ash 

dumping site situated in Faridabad, Haryana, India during all the four seasons of a 

year: winter (October-January), spring (January-April), summer (April-July) and rainy 

(July-October). In this case study total ten locations were selected near by the fly ash 

dumping site and out of ten; nine locations were selected in the indoor environment of 

dwellings near the fly ash dumping site at a successively increasing distance of 

. t I SOO meter from the prior location and one location was selected inside approxima e Y 

the cave of a temple near the fly ash dumping site found during the survey of the field. 
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The location of cave was considered to observe the combined effect of its vicinity 

to the fly ash dumping site, effect of ventilation (where is no any provision) and 

building material. Results can be concluded on the two different types of 

observations: Location (Nearest and farthest) from the dumping site and different 

seasons of an academic year 

a) Variations with the locations 

• From the results, effect of fly ash dumping site was observed because the radon

thoron levels were found to be higher in those dwellings which are at the nearest 

location to the dumping site as compared to the other distant dwellings. 

• Highest concentration of radon(l39.79±2.93 Bqm-3
) and thoron (7837±2.16 Bqm-~ 

was found inside the cave of a temple which may be because of its vicinity to the 

dumping site, none of any provision for the ventilation and building material used 

for the construction of cave. 

• Apart of the cave, the highest concentration of radon (82.41±1.69 Bqm-3
) and 

thoron (43.91±1.83 Bqm-3
) was found in the dwellings, at the nearest location to 

the fly ash dumping site. It is because, these ashes which are rich of NORM and a 

source or radon and thoron, can easily deploy to the surrounding environment in 

the form of aerosol. It may enhance the indoor inhalation dose for the population 

living in the vicinity to the fly ash dumping site. 

• During the observations firstly it was assumed that it may be a local area problem 

or because of some particular life style of the inhabitants but the thought was 

changed when we observe that, the radon-thoron levels were decreasing as we 

move at the locations away from the site. The minimum concentrations of radon 

and thoron were observed at the farthest location from the dumping site. 

• Maximum annual dose was received by the inhabitants that are at closest location 

from the fly ash dumping site and it was found to be 1.42 mSv which is slightly 

higher than the safety limit of 1 mSv as recommended by ICRP 1993. 

• An inverse relation was found between distance and radon-thoron levels, means 

that as the distance between the dwellings and fly ash dumping site increases, the 

radon-thoron levels decreases. 
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b) Variations with the seasons 

• Results observed from the s . . easonal vanations concluded that maximum radon-
thoron levels were observed d . . , 

. 
unng winter and rainy season as compared to the spnng and summers. It is because the dwellers remain the doors and windows closed very frequently d • . unng wmters to maintain their thermal comfort especially 

over the night when t . emperature falls considerably. For these types of varying 
ventilation conditions (d · gh ) . . . ay-m t a passive time integrated technique can be more reliable which is used in this study. 

• The maximum dose (0.38 mSv) received by the dwellers, was observed during winters whereas the minimum dose (0.03 mSv) was received during summers. The population living in the vicinity of fly ash dumping site is at higher risk of radon-thoron levels during winters as compared to the other seasons of a year. From the complete observations during a year it was concluded that, the dwellers that are closest to the dumping site are at a greater risk of radon-thoron levels during the winters as compared to the other seasons and the other dwellers that are distant apart from the dumping site. Annual effective dose received by the inhabitants is slightly higher than the (1 mSv) recommended limit of ICRP 1993 so that some remedial action should be taken for the dwellers living in the vicinity of fly ash dumping site. 

6.1.2. Measurements of Radon-Thoron Levels in High Rise (Vertical) Buildings In the second case study the measurements were carried out in the dwellings of high rise (vertical) buildings of Greater Faridabad, Haryana. In the present study five towers or high rise buildings were selected and in each tower total ten floors were . • d :6 ground (G-0) to the ninth (G-9) floor of the buildings. To maintain 
mvesttgate rom 

'£ • d £or the authenticity of data, Non-AC area of the houses were taken 
the um ormtty an 

• The measurements were done during all the four seasons of a 
for the observations. 

. d lt are reported in chapter 4. Concluded results drawn from the 
year. Deta1le resu s 

. 
. t e discussed on the basts of two types of observations: first 

detailed measuremen s ar 
. 

1 1 f the buildings and second on the basis of different seasons 
on the basts of floor eve 0 

of a year. 
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a) Results on the basis of floor level 

• Results concluded from the observations of present study shows that, radon

thoron levels changes considerably with the height of the building. 

• A contrary relation was obtained between the height of the building and radon

thoron levels, means that as the height of the building increases radon-thoron level 

decreases. 

• Maximum concentration of radon (78.38±0.71 Bqm-3) and thoron (37.08±1.74 

Bqm-3
) was found at the ground floor of the buildings and decreases as moves 

towards upper floors and found minimum at the upper most floor of the present 

study. 

• Soil is a prime source of indoor radon and because of this maximum radon-thoron 

levels were found at the ground floor because of the vicinity to the soil under 

beneath. Compact structure and comparatively poor ventilation and improper 

exchange of air at the lower floors of closely packed newly constructed high rise 

buildings is another important cause of high radon-thoron levels at the ground 

floor of the buildings. 

• Minimum concentration ofradon (8.68±0.57 Bqm-3
) and thoron (5.21±0.53Bqm-3

) 

was found at the uppermost floor (ninth floor of the present study) of the 

buildings. This is because the dwellers of upper floors experienced high wind 

speed and proper ventilation because of proper exchange of air. In addition to this, 

the effect of radon because of soil gas is also negligible at the upper floors. 

• The maximum annual effective dose (1.04 mSv) was received by the inhabitants 

at the ground floor and minimum (0.26 mSv) annual effective dose was found to 

be at the uppermost floors of the present study. The dose delivered in the present 

study is nearly same as recommended (I mSv) by ICRP 1993 and within the safe 

limits. 

b) Results on the basis of seasons 

• Maximum radon-thoron levels were found during winters because the dwellers 

remain the doors and windows closed to conserve the indoor temperature to 

maintain their thermal comfort especially at the upper floors where dwellers 

experienced high wind speed and temperature falls rapidly. 

207 



I· 

• Reduced ventilation is another important cause of high indoor radon-thoron levels. 

Because of closed doors and windows, radon and thoron emanated from the 

building materials and water used in house hold activities set in the indoor 

environment and increase the radon-thoron levels considerably during winters as 

compared to the other seasons of the year. 

• Minimum concentration of radon and thoron was found during summers when the 

dwellers remain the doors open for the proper exchange of air. The exchange of 

air improves the ventilation and reduces the indoor radon-thoron levels. 

From results it was concluded that the dwellers at the iound floor are 

· comparatively at high risk of radon especially during winters. The variations in the 

observations may be because of different life styles of the inhabitants, habits of the 

individual that effect the ventilation, temperature of the outdoor environment 

(season),building materials, water used for the household activities and their vicinity 

to the ground. The results are within the safe limit of 100 Bqm-3 as recommended by 

WHO but above than the world average level of indoor radon ( 40 Bqm-3
) as given by 

UNSCEAR 2000. 

6.1.3. Comparison of Both the Case Studies of Dwellings 

• On comparison of both the case studies we observe that the radon, thoron and 

their progeny concentrations were higher in the dwellings nearest to the fly ash 

dumping site as compared to the dwellings at the ground floor of the buildings. 

• In the case studies of dwellings near the fly ash dumping site, the average indoor 

radon concentration (54.36±5.05 Bqm-
3
) is above than the world average radon 

concentration of 40 Bqm-3 as given by UNSCEAR 2000 but, the average indoor 

radon (36.27±3.01 Bqm-3
) concentration is lower than the world average radon 

concentration of 40 Bqm·
3

• 

6.2. CONCLUSION FROM THE RADON-THORON LEVELS IN 

WORKPLACES 

6.2.1 . Measurements of Radon-Thoron Levels in Multi-Storied Malls 

In this case study assessments were done for the workers of multi-storied malls 

selected in Delhi NCR and Faridabad, Haryana, India during all the four seasons of a 

year. In this case study fifteen malls were selected from the third basement to the third 
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floor of the malls including the ground floor. The purpose of this study was the 

assessment of dose delivered to the workers, working below (basements) or above the 

ground floor of the malls. Results can be concluded on the basis of seasons and the 

level of the floor. 

a) Results on the basis of floor level 

• Results drawn from the observations show that the maximum radon-thoron levels 

were observed in the lowest basements (third basement in the present study) as 

compared to the other floors of the malls. 

• The maximum concentration of radon and thoron in the third basements of the 

malls was found to be 87.97±1.79 Bqm-3 and 29.21±2.64 Bqm-3respectively. This 

is because the multiple surfaces of the basements are in contact with the soil as 

compared to the ground surface where only one surface can be in contact with the 

soil under beneath. 

• The minimum concentration of radon (5.09±0.33 Bqm-3
) and thoron 

(3.06±0.21Bqm-3
) was found at the third floor of the malls this is because the 

ventilation at the upper floors is better than the lower floors and their distance 

from the soil under beneath. The main source of radon concentration on the third 

floor of the malls is building material used for the construction. 

• Results conclude that the workers of basements (below ground floors) receive the 

higher concentration of radon and thoron than the workers of above ground floors. 

• As the height of the malls increases, radon and thoron concentration decreases, 

means the ground floor workers receive lower dose due to radon and thoron 

progeny as compared to the third basement of the malls. 

b) Results on the basis of seasons 

• Maximum concentration of radon and thoron was observed during winter season. 

• Minimum concentration of radon and thoron was found during swnmer season. 

This may be because of the effect of AC. during summers which exhaust the air 

pollutants. 

• The maximum annual effective dose due to radon and thoron progeny was found 

to be 1.12 mSv. 
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From the study it is conclud d tha th . 
e t e workers of the basements are working at 

high radon levels during winte · • d 
rs tn companson to the other floors of the malls an 

other seasons of the year. The results (1.12 mSv) are below the safe limit of workers 

(20 mSv) as recommended by the ICRP 1993 but, slightly higher than the safety limit 

of 1 mSv for general public. 

6.2.2. Measurements of Radon-Thoron Levels in Coal-Based Thermal Power 

Plants 

In the present case study the assessments were done in the premises of coal-based 

thermal power plants of Haryana, India during all the four seasons of a year. From 

health and hygiene point of view of the workers, these assessments were necessary. In 

this case study total ten locations were selected in the order of coal area, fly ash area, 

water treatment plant, chlorination plant, boiler area, near the entrance gate, turbine 

area, power generating room, control room, and workshop respectively. Outcomes of 

the study can be concluded in two different categories: locations selected and seasons 

of the year. 

a) Results on the basis of location selected 

• Maximum concentration of radon (379.61±0.71 Bqm-3) and thoron (198.76±1.39 

Bqm-3) was found at the coal area of the plants. This is because the coal has trace 

amount of naturally occurring radioactive isotopes such as: uranium, thorium, 

potassium, radon and its daughter products. On burning the coal, these radioactive 

elements released to the surrounding in the form of gases and solid waste (ash) 

and pollute the environment. 

• Minimum concentration ofradon (87.03±1.44 Bqm-3) was observed in the control 

room whereas minimum value ofthoron (48.85±1 .69 Bqm-3) was found at the gate 

area of the power plants. This is because the gate area and control room are distant 

apart from the coal and fly ash area. 

b) Results on the basis of seasons 

• Maximum concentration of radon (379.61±0.4 7 Bqm-
3

) and thoron (198. 76± 1.39 

Bqm -3) was observed during winters at the coal area of the thermal power plants. 
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• The minimum concentration of radon (87.03±1.44 Bqm-
3
) and thoron (48.85±1.69 

Bqm-3
) was observed during summers in the control room and at the entrance gate 

respectively. 

From results it was concluded that the workers of coal area and fly ash area are at 

high risk of radon and thoron during winters as compared to the other workers of the 

plant. The employees of gate area and control room are at lower limit of risks of radon 

during each season. 

6.2.3. Comparison of Both the Case Studies of Workplaces 

• On comparison of both the case studies we observe that the radon, thoron and 

their progeny concentrations were higher in the premises of thermal power plants 

as compared to the multi storied malls. 

• In the case study of thermal power plants, the average radon concentration was 

found to be (220.93±18.14 Bqm-3
) and in case of multi storied malls the average 

radon concentration was found to be (45.37±4.69 Bqm-3
). 

• The average dose (3 .79 mSv) delivered to the workers of coal based thermal 

power plants is high as compared to the dose (0.59 mSv) delivered to the workers 

of multi storied malls. So, the workers of thermal power plants are at higher risk 

of radiation exposure as compared to the workers of multi storied malls. The 

results are under the limit of 20 mSv recommended by ICRP 1993 for the workers 

of malls and thermal power plants. 

6.3. SCOPE FOR FUTURE WORK 

In this research work, efforts have been made to measure the radon and thoron 

concentration, Potential Alpha Energy Concentration (P AEC) due to radon, thoron 

and their progeny, inhalation dose and annual effective dose in various dwellings and 

workplaces of Southern Haryana, India. As per literature survey, a number of reports 

have been published for radon-thoron concentration in different parts of the Haryana, 

but data remains scanty in, Southern Haryana, India. So, the existing data can be 

pooled with data provided in this research work and it helps in preparing the proper 

radon map of Haryana. Though, we have been able to reach certain conclusions 

regarding the radon-thoron levels in Southern Haryana, a major scope exist for future 

investigations in the following lines: 
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• Apart from the present study, radon exhalation rate and radium content can be 

calculated in various building materials used for the construction purpose and the 

observed data can be reported to the concerned regulatory bodies. It helps in the 

choice of proper building materials used for the construction. 

• In the nearby region of Faridabad, the measurements can be made in the thermal 

springs and the dwellings around the thermal springs. 

• Radon levels can be calculated in water samples collected from the underground 

and above ground sources and a comparative study can be prepared. 

• Measurements can be made in the dwellings around the thermal power plants. The 

observations from these studies can represent the impact of thermal power plants 

in the localized society. 

• Prior to an earthquake, pre-seismic stress or deformation of rocks release some 

gases from the deeper parts of the earth to the surface, and radon is one of them. 

So, prior prediction of earthquake can be made with the assessment of radon 

concentration. 
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