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Abstract

This study aims to identify the occurrence of radioactive elements and the radiation emitted by them with their hazards in all
over Indian states to control concentration of these elements and radiation level within safe limit and to protect the
population, living around contaminated area. An extensive literature survey on radioactive contamination and natural
radioactivity enhanced by different sources viz. the use of phosphate fertilizer, building materials (cement), phosphate rock,
has been carried out. It has been found on reviewing the survey done; that radioactive contamination in India’s environment
is not exceeding the limit prescribed by UNSCEAR, WHO, and AERB.
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Introduction

IAEA in 1996 estimated that 80% of the radiation dose is
contributed by natural radioactivity and only 20% by cosmic
rays and nuclear processes. Radionuclide’s: uranium, thorium,
potassium, radium, etc generally released in very small amount
to the environment and transported through water or air'.
Uranium, Thorium, and radium are naturally occurring
radioactive metals found in trace level in soil, rock, water,
plants, and animals. These three radioelement’s are responsible
for generation of gamma ray and hence there is a direct
relationship between concentration of primary radioelement’s
and gamma ray exposure rate’, Uranium (U), has three naturally
occurring isotope: U-238 (half life 4.47 billion years), U-
235(half life 700 million years), and U-234(244,000 years), and
is weakly radioactive and contributes to low level of natural
background radiation in the environment and used in nuclear
power generation. Uranium is present in soil, rock and water.
Most of the uranium found in environment in the form of U-238
but U- 234 is highly reactive among three. Uranium eventually
decays to radium which decays to radon. Thoriumn (Th) exists
as Th-232(half life 14 billon years), Th-230 (half 1ife77000
years), Th-228 (half life 1.9 years) naturally however man made
thorium isotopes are rare, and almost never enter the
environment. Radium (Ra): three isotopes Ra-226(half life 1600
years), Ra-228 (half life 5075 years), and Ra-224 (half life 3.36
years) are known. Radium concentration in ground water will be
high in the area where rock and soil are having high
concentration of radium and its concentration also increase by
uranium and thorium mining, as Ra-226 is a part of uranium
decay series and Ra-228 and Ra-224 are the part of thorium
mining. All the isotopes of radium are radioactive and decay to
produce radon gas. Radon (Rn) (half life 3.3 days) is an
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odorless, colorless, radioactive gas, comes from natural decay of
uranium and radium, found in nearly all rocks and soils. Radon
can move up to in to building through opening in floor or walls
which are in contact with ground and can accumulate in
building and, over time can cause series health hazards like lung
cancer”. In point of view of protection against indoor radon it is
important to understand the generation and migration of radon
from its sources and all factors influence this process*®. All the
radioactive materials discharges on the environment as per
following pathway: i. Cloud emersion (external exposure and
inhalation) ii. external exposure from deposits onto ground,
freshwater, and marine sediments iii. ingestion of aquatic
foodstuffs iv. ingestion of drinking water v. Ingestion of
terrestrial foodstuffs’. Natural radioactivity is widely spread in
the earth environment and depends mainly on geological and
geographical conditions'. There are 20 nuclear power plants 4
uranium mines, 2 thorium mines, 2 fuel fabrication plants, 5
heavy water plants, operating in India, although as per survey of
2011, it has been found that the dose of occupational workers
were within prescribed annual dose limit of 30mSv but four
workers had been found to exposed to higher radiation dose rate
accidently®.

Radioative elements has been reported in India

Uranium is the major radioactive element reported most
abundantly in various part of India in addition Thorium,
Potassium-40, Carbon-14, Radium have been also reported.

Radioactive contamination occurred in various
states of India

Reported parameters regards radioactive contamination in
different locations of India has been presented in Table-1.
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Table-1: Radioactive contamination in different locations of India.

S.no. Parameters Results Sample Location Ref.
<2ppb to 212ppb Water Bathinda, Punjab 9
0.5-579 pgl’ - SW, Punjab 10
1.47 to 10.66 ppm Soil Karbi Anglong District of 11
Assam
1 U concentration: | 2.03 to 3.52 ppm Soil Ganderbal, Jammu & Kashmir 12
Maharashtra, U.P., Orissa,
0.1£0.01 ppb to 19.6£1.ppb Water Andhra  Pradesh, Madhya | 13
Pradesh, Kerala
0.75 mgkg " to 26.71 mgkg" Soil .
037 mgkg'l (0 4.42 mgkg'l Rock Kangra, Himachal Pradesh 14
T 276 T 232
?9t-03§(%01138 kg” ("'Ra).21-43 Bq kg™ (""Th), Cement | Aligarh region, UP, 15

(0.08+0.06 to 3.24+0.31) dpm/kg,**“Ra;
(22745  t0910+£20)dpm/kg:  (2.3£0.1 to Ground

162+02)dpmke 2U:  (0.00£0.09 to | water | W 16
0.86+0.14) dpm/kg ***Th;
10.54 to 49.67 Soil Karbi Anglong District of 11
Bg/kg (radium); Assam
Activity 6.43 to 18.89 Bq kg'l(radon) Soil Ganderbal, Jammu &Kashmir 12
2 concentration of Bik d  Jhunih
radionuclide’s | 0.50 to 22 Bq 1"* with the mean value of 4.42 |  Water traner. —an unyhun, g
0 Rajasthan,
Bq 1 (radon)
941 to 10,050 Bq m~ with the mean value of Soil 17
4561 Bq m™ (radon) Bikaner and  Jhunjhunu,
21-674 Bq/kg™*U,11-44 Bq/kg, *Th, 22- Rajasthan,
226 40
683Bq/kg”"Ra and51-295Bg/kg "K , Soil 18
11.54 t0 26.71 Bgkg " (radium) Soil .
2.58 10 26.06 Bake'! (radium) Rock | Kangra, Himachal Pradesh 14
Radon -1 . .
3 equivalent (Rac) 60.8 to 121 Bq kg Cement Aligarh region, UP 15
4 | Bxtermalhazard 16, 34 Cement | Aligarh region, UP 15
index
47.7 t0 205.6 mBgkg 'h” Tobacco 19
plant
Soil Karbi Anglong District of | 11
502.34 to 2062.53 mBqm-"h-" Assam
5.05t021.89 mBqkg' h' Soil Ganderbal, Jammu & Kashmir | 12
5 Radon 11.2 to 54.09 Bg/kg with mean 35.73Bq/kg
exhalation rate | (**Ra),
(22?;;Lr7h)to 49.62 Bg/kg with mean 37.75 Bq/kg Cement | Tamilnadu 20
13.43 to 223.92 Bg/kg with mean 159.83
Bg/kg (K)
2. 2 - Soil
502 mBqm~h™ to 1163 mBqm™h" .
106mBqm™h" to 1149 mBqmh” Rock Kangra, Himachal Pradesh 14
6 Annual effective | 1.37 to 60.06 mSvy'1 with the mean value of Water Bikaner and  Jhunjhunu, 17
dose 12.08 mSvy, (due to radon) Rajasthan

International Science Community Association 19



Research Journal of Chemical Sciences

ISSN 2231-606X

Vol. 7(6), 18-22, June (2017)

Radioactivity in soil and sediments

Radionuclides released in the atmosphere undergo decay and get
deposited initially on the upper surface of soil by wet or dry
deposition in short periods but they quickly dispersed in to first
centimeter of soil’. Agricultural soils can cause direct harm to
human and environment so it needs special concern.
Radionuclide’s uranium, thorium, potassium, are generally enter
in soil by the use of phosphate fertilizer, phosphate ore mining,
etc and the spatial distribution of these radionuclide’s is variable
and depends upon parent material characteristic as well as on
weathering processes”' . river sediments are also a major source
of radioactivity that attributes significantly to the background
level of radiation so its use as building material can cause great
radiological treat to the person living in that area.

Radioactivity rock, and

fertilizer

in phosphate ore,

It has been found that phosphate rock contains different amount
of naturally occurring radioactive materials e.g. U, Th, and their
decay products and K. gamma rays and alpha particle emitted
from nuclides of uranium and thorium series present in
phosphate rock are the major source of external and internal
exposure > It has been observed that more than 30million ton
fertilizers are consumed worldwide to increase crop production
and land renewal®. These fertilizers contaminated the cultivated
land by NORM”. Uranium and its decay products tends to
upgrade in phosphate deposits of sedimentary origin, where
typical uranium series concentration is about 1500 Bgkg' **.
Therefore after processing of rock into fertilizers most of the
radionuclide’s comes into fertilizers than to soil and plant and
finally via food chain to human through internal exposure and
become a major source of radioactivity* and the most important
pathway of exposure to radioelement present in soil is
ingestion” in addition during transportation and handling
processes they enters in the workers body through external
exposure’ .

Radioactivity in building materials

Building materials are also a source of radon in houses and the
general recommended permissible limit of exposure of indoor
radon is10Bqm™ *. Naturally occurring raw building material
and processed products have presence of radionuclide’s of
uranium, thorium and pottasiim-40 series. High concentration of
radionuclides in building materials results in high indoor doses
and the radon level inside houses depends on ventilation of
room and it has been proofed that the poor ventilation increases
the level and exhalation rate of radon®. In tamilnadu it has been
found that the cement used for construction purpose are safe in
point of view of radioactivity".

Radoactivity in water

Radioactive elements may be present in ground water of all the
area, nearest to the sources like phosphate ore deposits,
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agricultural area where phosphate fertilizers are in use, coal
mines, nuclear plants, and other natural and anthropogenic
sources. Underground water move through rock and soil
containing radon and radon gas get dissolved in water and make
it contaminated™ but there is less possibility of presence of
radon in surface water because it get released into air after some
time® and radon concentration decreases with depth of the area
where water circulates™. Among all radioactive elements
uranium is one which has been occurred more abundantly in
Indian water samples analyzed. Concentration of uranium in
water depends on the flow of water through complicated
fracture network within the rock, pH, calcium content and other
parameters of ground water*®. In Punjab there are two coal fired
power station and it was considered as source of radioactive
contamination in water sources but it has been cleared from the
study of fly ash of coal fired plant that fly ash coming from the
coal thermal plant are not a possible source of radioactive
contamination in water but the agrochemical processes
occurring in calcareous soil and use of agricultural additives are
the reason behind high concentration of uranium found in
shallow water’. A high concentration of radon in ground water
around granite rock exposure observed in Mandya district,
Karnataka but total dose due to ingestion and inhalation were
found within limit of 100 uSvy™ prescribed by WHO?’.

Hezards occurred due to radioactive contaminant

Ionizing radiation has so much energy it can knock electrons out
of atoms, a process known as ionization. Ionizing radiation can
affect the atoms in living things, so it poses a health risk by
damaging tissue and DNA in genes. One of the great source of
ionizing radiation are radioactive elements’. Human population
is continuously exposed to the radiation emitted from different
natural sources; this exposure is continuous and unavoidable
characteristic of life on earth. U, Th, and K are the important
cause of terrestrial radioactivity™. These radionuclide’s and
their decay products emit alpha particle, beta particle, and
gamma rays in which gamma ray is important source of external
and alpha particle is an important source of internal exposure, as
it enters in body by the inhalation of radon and its progenies
consequently directly come comes in contact with bronchial
tissues and cause radiogenic lung cancer’™'. It has been found
that high dose causes deterministic whereas low dose causes
stochastic effect and can be described in terms of randomnicity
and probability respectively and low dose exposure below 100-
200mSv does not cause heritable effect”.

Conclusion

Average concentration of radionuclides and all calculated
parameters were found within safe limit. Concentration of
radionuclide’s can higher at the source site viz. area of
phosphate rock, phosphate fertilizer plant, agricultural area
where phosphate fertilizers are in use for improving crop
production and soil renewal but as the distance increases from
the source the concentration of these nuclides decreases in water
as well as in air and soil. It has been found that concentration of
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radon (final decay product of all radioactive elements) can be
higher in ground water but much lower in surface water so, it
should be advisable to people living in contaminated area to use
surface water: river, lake, canal water coming in houses by tap
for drinking purpose.

References

1.

10.

11.

12.

United Nation Scientific Committee on the Effects of
Atomic. (UNSCEAR). (2000). Radiation Sources and
effects of ionizing radiation. New York, USA: United
Nations. Report of the United Nations Scientific Committee
on the Effect of Atomic Radiation to General Assembly.

Beck H.L., DeCampo J. and Gogolak C. (1972). In-situ
Ge(Li) and Nal(Tl) Gamma-ray Spectrometry. National
Technical Information Service, Springfield

EPA (2017). Radiation Protection. www.epa.gov/radiation

Al-Jarallah M.I,, Rehman Fazal-ur, Musazay M.S. and
Aksoy A., (2005). Correlation between radon exhalation
and radium content in gran-ite samples used as construction
material in Saudi Arabia. Radiat.Meas., 40(2), 625-629.

Somlai J., Gorjanacz Z., Viarhegyi A. and Kovéacs T.
(2006). Radon con-centration in houses over a closed
Hungarian uranium mine. Sci.Total Environ., 367, 653-665.

Somlai J., Jobbagy V., Kanyar B., Kovacs J., Egyhazy T.,
Tarjan S. and Kovécs T. (2008). Radiological aspects of the
usability of red mud asbuilding material additive. J.
Hazard. Mater., 150(3), 541-545.

United Nation Scientific Committee on the Effects of
Atomic.(UNSCEAR). (2016). Radiation Sources and
effects of ionizing radiation. New York, USA: United
Nations. Report of the United Nations Scientific Committee
on the Effect of Atomic Radiation to General Assembly

AERB bulletin 2011-12

Alrakabi M., Singh G., Bhalla A., Kumar S., Srivastava A.,
Rai B., Sing N., Shahi J.S. and Mehta D. (2012). Study of
uranium contamination of ground water in Punjab state in
India using X-ray fluorescence technique. J Radioanal Nucl
Chem, 294(2), 221-227.

Bajwa B.S., Kumar Sanjeev, Singh Surinder, Sahoo S.K.
and Tripathi R M. (2017). Uranium and other heavy toxic
elements distribution in the drinking water samples of SW-
Punjab, India. Journal of Radiation Research and Applied
Sciences, 10(1), 13-19.

Kakati Ranjan Kr., Kakati Lukendra and Ramachandran
T.V. (2013). Measurement of uranium, radium and radon
exhalation rate of soil samples from Karbi Anglong district
of Assam, India using EDXRF and Can technique method.
APCBEE Procedia, 5, 186-191.

Mir Feroz A. and Rather Sajad A. (2015). Measurement of
radioactive nuclides present in soil samples of district

International Science Community Association

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Res. J. Chem. Sci.

Ganderbal of Kashmir Province for radiation safety
purposes. Journal of radiation Research and applied
sciences, 8(2), 155-159.

Sahoo S.K., Mohapatra S., Chakrabarty A., Sumesh C.G.,
Jha V.N., Tripathi RM. and Puranik V.D. (2009).
Distribution of uranium in drinking water and associated
age-dependent radiation dose in India. Radiation Protection
Dosimetry, 136(2), 108-113.

Singh Surinder, Kumar Sharma Dinesh, Dhar Sunil, Kumar
Arvind and Kumar Ajay (2007). Uranium, Radium and
Radon Measurements in the Environs of Nurpur Area,
Himachal Himalayas, India. Environ Monit Assess, 128,
301-309.

Sharma Anil, Kumar Mahur Ajay, Yadav Manjulata,
Sonkawade R.G., Sharma A.C., Ramola R.C. and Prasad
Rajendra (2015). Measurement of natural radioactivity,
radon exhalation rate and radiation hazard assessment in
Indian cement samples. Physics Procedia, 80, 135-139.

Hussain N. and Krishnaswami S. (1980). U-238 series
radioactive disequilibrium in groundwaters: implications to
the origin of excess U-234 and fate of reactive pollutants.
Geochimica et Cosnwchimico Acra, 44(9), 1287-1291.

Mittal Sudhir, Rani Asha and Mehra Rohit (2016).
Estimation of radon concentration in soil and groundwater
samples of Northern Rajasthan, India, Journal of Radiation
Research and Applied Sciences, 9(2), 125-130.

Sahu S.K., Ajmal P.Y., Bhangare R.C., Tiwari M. and
Pandit G.G. (2014). Natural radioactivity assessment of a
phosphate fertilizer plant area. Journal of Radiation
Research and Applied Sciences, 7(1), 123-128.

Chauhan Pooja and Chauhan R.P. (2014). Measurement of
fertilizers induced radioactivity in tobacco plants and
elemental  analysis using ICAP-AES. Radiation
Measurements, 63, 6-11

Senthilkumar G., Ravisankar R., Vanasundari K.,
Vijayalakshmi 1., Vijayagopal P. and Jose M.T. (2013).
Assessment of radioactivity and the associated hazards in
local cement types used in Tamilnadu, India. Radiation
PhysicsandChemistry, 88, 45-48.

Guidotti Laura, Carini Franca, Rossi Riccardo, Gatti
Marina, Cenci Roberto M. and Beone Gian Maria (2015).
Gamma-spectrometric measurement of radioactivity in
agricultural soils of the Lombardia region, northern Italy.
Journal of Environmental Radioactivity, 142, 36-44.

Qureshi Aziz Ahmed, Tariq Shahina, Din Kamal Ud,
Manzoor Shahid, Calligaris Chiara and Waheed Abdul
(2014). Evaluation of excessive lifetime cancer risk due to
natural radioactivity in the rivers sediments of Northern
Pakistan. Journall of Radiationn Researarch and Appliedd
Sciences, 7(4), 438-447.



Research Journal of Chemical Sciences

ISSN 2231-606X

Vol. 7(6), 18-22, June (2017)

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Olszewska-Wasiolek M. (1995). Estimates of the
occupational radiolog-ical hazards in phosphate fertilizers
industry in Poland. Radiat.Prot. Dosim, 58(4), 269-276.

Saueia C.H.R. and Mazzilli B.P. (2006). Distribution of
natural radionuclidesin the production and use of phosphate
fertilizers in Brazil. J. Environ. Radioact, 89(3), 229-239.

Sabiha-Javied M. and Asghar M. (2010). Hazard of NORM
fromphosphorite of Pakistan. J. Hazard. Mater., 176, 426-
433.

El-Taher A. and Abdelhalim M.A.K. (2013). Elemental
analysis of phosphate fertilizer consumed in Saudi Arabia.
Life Science Journal, 10(4), 701-708.

Lambert R., Grant C. and Sauve C. (2007). Cadmium and
zinc in soil solution extracts following the application of
phosphate fertilizers. Science of the Total Environment,
378(3), 293-305

United Nation Scientific Committee on the Effects of
Atomic.(UNSCEAR). (1993). Radiation Sources and
effects of ionizing radiation. New York, USA: United
Nations. Report of the United Nations Scientific Committee
on the Effect of Atomic Radiation to General Assembly

Rehman S., Imtiaz N., Faheem M. and Matiullah (2006).
Determination of 238U contents in ore samples using CR-
39 based radon dosimeter disequilibrium case. Radiation
Measurements, 41(4), 471-476

Salmani-Ghabeshi S., Palomo-Marin M.R., Bernalte E.,
Rueda-Holgado F., Mir_o-Rodriguez C., Cereceda-Balic F.,
Fadic X., Vidal V., Funes M. and Pinilla-Gil E. (2016).
Spatial gradient of human health risk from exposure to trace
elements and radioactive pollutants in soils at the
Puchuncavi-Ventanas industrial complex, Chile.
Environmental Pollution, 218, 322-330.

Uosif M.A.M., Mostafa A.M.A., Elsaman Reda and
Moustafa El-sayed (2014). Natural radioactivity levels and
radiological, hazards indices of chemical fertilizers
commonly used in Upper Egypt. Journal of Radiation
Research and Applied Sciences, 7(4), 430-437.

Pacheco-Torgal F. (2012). Indoor radon: an overview on a
perennial problem. Build. Environ., 58, 270-277.

International Science Community Association

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

Res. J. Chem. Sci.

Abdallah A.M., Mohery M., Saud J. Yaghmour, Alddin
S.H. (2012). Radon exhalation and natural radiation
exposure in low ventilated rooms. Radiat. Phys. Chem.,
81(11), 1710-1714.

Duggal V., Rani A., Mehra R. and Ramola R.C. (2013).
Assessment of natural radioactivity levels and associated
dose rates in soil samples from Northern Rajasthan, India.
Radiation Protection Dosimetry, 158, 235-240

Iwaoka K., Tabe H., Yonehara H. (2013). Natural
radioactivity of bedrock bath instruments and hot spring
instruments in Japan. J. Radioanal. Nucl. Chem., 295, 817-
821.

Bleise A., Danesi P.R. and Burkart W. (2003). Properties,
use and health effects of depleted uranium (DU): a general
overview. J Environ Radioactivity, 64, 93-112.

Shivakumara B.C., Chandrashekara M.S., Kavitha E. and
Paramesh L. (2014). Studies on **Ra and **Rn
concentration in drinking water of Mandya region,
Karnataka State, India. Journall of Radiation Research and
Applied Science, 7(4), 491-498

United Nation Scientific Committee on the Effects of
Atomic.(UNSCEAR). (2008). Radiation Sources and
effects of ionizing radiation. New York, USA: United
Nations. Report of the United Nations Scientific Committee
on the Effect of Atomic Radiation to General Assembly.

Kovler K., Perevalov A., Steiner V. and Metzger L.A.
(2005). Radon exhalation of cementations materials made
with coal fly ash: Partl. Scientific background and testing
of the cement and fly ash emanation. J. Environ. Radioact.,
82(3), 321-334.

Hassan N.M. (2014). Radon emanation coefficient and its
exhalation rateof wasted petroleum samples associated with
petroleum industry in Egypt. J. Radioanal. Nucl. Chem.,
299, 111-117.

Nazaroff W.W. (1992). Radon transport from soil to air.
Rev. Geophys., 30(2), 137-160.

Kudryasheva N.S., Petrova A.S., Dementyev D.V. and
Bondar A.A. (2017). Exposure of luminous marine bacteria

to low-dose gamma-radiation. Journal of Environmental
Radioactivity, 169-170, 64-69.

N
\S)



