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Abstract: Radioactivity of the sediment environment is one of the main sources of exposure to humans. The concentration 

of radionuclides in marine sediments can provide very useful information on the source, transport mechanisms and 

environmental fate of radionuclides. In this work, the coastal sediment samples are addressed to find out any radiation 

hazard associated with the sediments. The sediment samples were collected from Pulicatlake to Vadanemeli of Chennai 

coast, Tamilnadu using Peterson grab sampler from 10 m water depths parallel to the seashore line. Gamma radiation 

measurements were performed using NaI(Tl) detector  PC multichannel Spectrometer. The specific activity concentration 

of radionuclides Uranium (238U), Thorium (232Th) and Potassium (40K) were investigated and mean specific activity 

values 238U (10.14 Bq kg-1), 232Th (35.02 Bq kg-1) and 40K (425.8 Bq kg-1) were tabulated.  The average activity of 232Th is 

slightly greater than the world average value. The assessment of radiation hazard associated with the sediment is computed 

using the radiation indices like Radium Equivalent Activity (Raeq), Absorbed Gamma Dose Rates in air (DR), the Annual 

Effective Dose Equivalent (AEDE), Annual Gonadal Dose Equivalent (AGDE), Representative level index (RLI), Activity 

Utilization Index (AUI), Internal Hazard Index (Hint), External Hazard Index (Hext), and Excess Lifetime Cancer (ELCR) is 

compared with internationally recommended values and safety limits. The multivariate statistical analysis has been carried 

out for the radiological data and it is used to find out any existing relationship between radioactive variables. The results of 

these investigations are presented and discussed in this paper.  
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1 Introduction 

Natural radioactivity is a source of continuous exposure to 

human beings. Human beings are constantly exposed to 

natural sources of ionizing radiations in nature. Natural 

radioactivity and the associated external exposure due to 

gamma radiation depend primarily on the geological and 

geographical conditions in each region of the world. The 

assessment of gamma radiation dose from natural sources is 

of particular importance because natural radiation is the 

largest contributor to the external dose of the world 

population [1]. These dose rates vary from place to place 

depending upon the concentration of natural radionuclides 

like 232U, 232Th and their progeny and the activity of singly 

occurring radionuclide 40K present in soil, sediment and 

rocks. The activity of natural radionuclides in soil and 

sediment depends mainly on the types of rocks from which 

they originate. These radionuclides pose exposure risks 

externally due to their gamma-ray emissions and internally 

due to radon and its progeny that emit alpha particles [2]. 

The measurement for the effects of radioactive elements on 

the environment and human health has increased in the last 
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few decades. Obtaining activity concentrations of natural 

radionuclides are useful not only for the above-mentioned 

reasons, but also for radiation risk assessment.  

The radionuclide contents in coastal marine sediments are 

mainly derived from terrestrial areas. The estimation of 

radiation hazard parameters in marine sediments can reflect 

the health hazards due to natural radiation from nearby 

terrestrial areas as well as the hazards to people who handle 

these sediments. 

The objective of this paper is to define baseline levels of 

radioactivity for Chennai coast which can be characterized 

by naturally radioactivity in some areas because of the 

heavy mineral and radioactivity bearing minerals which 

may be present in this area. Moreover, baseline 

environmental geochemical data are necessary to inform 

policy makers and provide a sound basis for legislation, 

addressing in particular public concerns regarding 

environmental radioactivity. 

This evaluation aims to: 

1. Establish a reference level of activity concentrations of 

primordial radionuclides. 

2. Correlate the radioactivity concentration with the 

radiation parameters. 

3. Identify areas which may be radiologically hazardous 

for the public. 

4. To employ statistical methods to find existing 

relationship between activity concentration and 

radiation indices.  

 

2 Materials and Methods 

2.1 Sample Collections 

Sediment samples were collected by a Peterson grab 

sampler along the Bay of Bengal coastline, from 

Pulicatlake to Vadanemmeli of Chennai coast of East Coast 

of Tamilnadu, India during pre-monsoon condition. The 

sample selection is chosen in pre-monsoon season, when 

sediment texture and ecological conditions can be clearly 

observed, erosional activities are predominant and 

sediments were not transported from the river and estuary 

towards the beach and marine. Figure 1 shows the sampling 

location of the study area. The sampling locations were 

selected based on the prevailing stresses and included areas 

near the urban and domestic effluent discharge point.  

The grab sampler collects the samples at 10 m below the 

seabed in all sampling points. Around 25 cm thick 

subsurface samples from the seabed were collected by the 

grab. From this, 10 cm thick sediment layer was sampled 

from the middle of the grab to avoid metal contamination 

by the jaws of the grab. Table 1 shows the geographic 

coordinates (latitudes and longitudes) of the various 

sampling locations. Global positioning system was utilized  

to locate position of sampling points. The distance between 

two stations such as Pulicat Lake and Konankuppam was of 

3 nautical miles.This distance is kept constant among all the 

22 sampling stations. Coastal craft was utilized for 

collecting samples at each station. The sample collection 

personnel approach the beach opposite to the designated 

sampling station by road and hire boat from artisanal 

fisherman to approach the sampling point located within 60 

min of sailing. This approach was adopted for all the 22 

sampling locations to collect samples. 

 

Fig. 1. Location map of the study area. 

2.2 Sample Preparation 

The collected samples were immediately transferred to 

polyethene bags to avoid the sediment sample’s contact 

with the metallic dredge, and the top sediment layer was 

scooped with an acid washed plastic spatula. Samples were 

stored in plastic bags and kept in refrigeration at 4°C until 

analysis. Then, the samples were air dried at 105°C to a 

constant weight and sieved through 250μ mesh. The 

homogenized sample was placed in a 250g airtight PVC 

container. The inner lid was placed and closed tightly with 

outer cap. Each sediment sample container was left for at 

least 5 weeks to reach secular equilibrium between 238U 

(226Ra) and 232Th (228Ra) and their progenies. 

 

2.3 Measurement of the Samples by Gamma Ray 

Spectrometry  

Sediment samples were subjected to gamma spectral 

analysis with a counting time of 20,000 s. A 3 inch × 3 inch 

NaI (Tl) detector was employed with adequate lead 

shielding which reduced the background by a factor of  

about 95%. The concentrations of various radionuclides of  

interest were determined in Bq kg-1 using the count spectra. 

To find out the radioactivity content in sediment samples, 

the systems have to be efficiency calibrated for various 

energies of interest in the selected sample geometry. The 

natural radioactive elements 40K, uranium, and thorium, the 
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gamma energies selected are 1460 keV for 40K, 1763 keV  

 

Table 1. Geographic coordinates (latitudes and longitudes) of the various sampling locations 

S. Sample 

ID 
Latitude(N) Longitude(E) Location 

No. 

1 CPL 13°34'3.82"N 80°18'0.75"E Pulicat Lake 

2 CPK 13°25'31.42"N 80°21'26.12"E Pulicat (Koonangkuppam) 

3 CKP 13°19'27.33"N 80°22'51.77"E Kattupalli 

4 CPS 13°15'35.37"N 80°22'21.94"E Power Station 

5 CNK 13°14'10.50"N 80°21'53.23"E Nettukuppam 

6 CEE 13°12'41.88"N 80°21'18.71"E Ennore 

7 CTK 13° 9'36.02"N 80°20'32.34"E Tiruchinnakuppam 

8 CCH 13° 8'20.61"N 80°20'8.02"E 
Chennai Harbor 

(Nagooranthottam) 

9 CPT 13° 6'5.45"N 80°19'44.78"E 
Chennai Port (KasimeduFishing 

Harbour) 

10 CKU 13° 7'14.61"N 80°19'44.04"E Kasimedu-Tondiarpet 

11 CNB 13° 4'17.77"N 80°19'34.47"E Neppiar Bridge 

12 CMB 13° 2'34.23"N 80°18'20.02"E Marina Beach 

13 CBB 13° 0'54.40"N 80°18'21.48"E Broken Beach (Adaiyaralamaram) 

14 CBN 13° 0'8.21"N 80°18'17.37"E Besent Nagar 

15 CTR 12°59'8.39"N 80°18'0.98"E Thiruvanmiyur 

16 CNI 12°57'2.18"N 80°17'29.61"E Neelankarai 

17 CCG 12°55'3.90"N 80°17'16.44"E Chennai Golden Beach 

18 CPR 12°53'2.32"N 80°17'4.18"E Panaiyur 

19 CKI 12°50'12.66"N 80°16'34.01"E Kanathursunami, (Reddykuppam) 

20 CMK 12°48'36.74"N 80°16'40.72"E Muttukaadu (Karikattukuppam) 

21 CKB 12°47'24.36"N 80°16'48.33"E Kovalam Beach 

22 CVM 12°44'59.05"N 80°16'39.20"E 
Vadanemmeli, 

(Puthiyakalpakkam) 
 

(214Bi)for uranium, and 2614 keV (from daughter product 

(208Tl) for thorium. The detection limit of NaI(Tl) detector 

system for 40K,238U, and 232Th is 8.50, 2.21, and 2.11 Bq/kg 

respectively for a counting time of 20,000s.[3-5]. 

 

3 Results and Discussion 

 

3.1 Radionuclides (238U, 232Th and 40K) Contents  
The results of analysis of activity concentration of 238U, 
238U, 232Th and 40K radionuclides in sediment samples for 

different locations of the study area are presented in Table 

2. The range and average values (in brackets) of the 

activities for 238U, 232Th and 40K are ≤ 2.21 – 31.03 (10.14), 

≤ 2.11 – 168.4 (35.02) and 330.9 – 540 (425.8) Bq kg-1 

respectively. Measured activities of the radionuclides 

differed widely, as activity levels in the marine 

environment depend on their physical, chemical and geo-

chemical properties and the environment [6]. In all samples, 

activity concentrations were in the order 40K>232Th>238U. 

40K dominates over the other isotopes because it is the most 

abundant in continental rocks and it is elevated in many 

light minerals [7]. 232Th was higher than 238U in all samples. 

This could be related to their difference in chemical 

speciation and solubility in a natural environment. 232Th is 

insoluble and also preferentially accumulated on the 

particular phases relative to 238U [8]. From the results it is 

clear that the mean activity of 238U and 232Th are lower 

while 40K is higher when compared with worldwide 

average value (Table.3). Fig. 2 shows the variation of 

activity concentration at different sampling locations. 

 

3.2 Evaluation of Radiological Hazard Effects 

In order to determine the radiation hazard due to the natural 

radioactivity associated with the sediments, different 

radiological parameters are estimated and their values are 

compared with internationally approved values and 

recommended safety limits. Table 2 lists the computed 
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radiological parameters of the sediment in the study area. 

 

3.2.1 Radium Equivalent Activity (Raeq) 

The radium equivalent activity is an index that represents 

the specific activities of 232U, 232Th and 40K by a single 

quantity which takes into account the radiation hazards 

associated with them. To compare the radiological effects 

of the coastal sediment samples, which contain 238U, 232Th 

and 40K, a common index is required to obtain the sum of 

activities. This index is usually called the radium equivalent 

activity (Raeq) as given in the following expression [9-11]. 

 

Where AU, ATh and AK are the specific activities of 238U, 
232Th and 40K (Bq kg-1) respectively. It has been assumed 

here that 370 Bq kg-1of238U or 259 Bq kg-1of232Th or 

4810Bq kg-1of 40K produce the same gamma dose rate.  

Raeq is related to the external γ-dose and internal dose due 

to radon and its daughters.  The maximum value of Raeq in 

sediment samples is required to be less than the limit value 

of 370 Bqkg-1 recommended by the Organization                   

for Economic Cooperation and Development for safe use. 

The Radium Equivalent Activity (Raeq) in these sediment 

samples ranges from 36.96 Bq kg-1 (CNK) to 305.49 Bq kg-

1 (CVM) with a mean value of 93.0 Bq kg-1 (Table 2) which 

is less than the recommended maximum value of 370 Bq 

kg-1. It indicates that no radiological hazards are associated 

with the sediments. Fig. 2 shows variation of Radium 

equivalent activity (Raeq) in different locations. 

 

Fig. 2. Location Vs Activity Concentration and Radium 

Equivalent Activity (Bq kg-1) 

3.2.2 Absorbed Gamma Dose Rate (DR) 

Absorbed gamma dose rate is the 

amount of energy from ionizing radiations. The absorbed 

per unit mass per unit time of matter, expressed in Grays. 

The absorbed dose rate is important in radiation risk 

analysis since it measures the amount of radiation deposited 

per unit time. The contribution of natural radionuclides to 

the absorbed dose rate in air (DR) depends on the natural 

specific activity concentration of 238U, 232Th and 40K. 

The outdoor air-absorbed dose rates due to terrestrial 

gamma rays at 1 m above the ground were calculated from 
238U, 232Th and 40K concentration values in sediments 

assuming that the other radionuclide’s, such as 137Cs, 90Sr 

and 235U decay series can be neglected as they contribute 

very little to the total dose from environmental background 

[11-13]. The absorbed dose rate is calculated from the 

equation given below. 

 

The range of absorbed dose rate in air due to natural 

radionuclides (Table 2) in the studied area is 37.32 (CNK) – 

248.75(CVM) nGyh-1 with the mean of 81.91 nGyh-1. From 

Table 2, it is clear that mean value of absorbed dose rate in 

the studied area is nearly equal to the world average 

Absorbed Gamma Dose Rate of 84nGyh-1 [1].All locations 

except Pulicat (CPK), Chennaiharbor (CCH), Chennai Port 

(CPT), Broken beach (CBB),Panaiyur (CPR), 

Kanathursunami Area (CKI) and vadanemmeli (CVM) 

noticed higher value than the world average value. The high 

values could be explained as due to the presence of black 

sands, which are enriched in the mineral monazite 

containing a significant amount of 232Th. This may have 

enhanced the activity concentrations which reflect the 

higher value of the absorbed dose rate. Fig. 3 shows the 

variation of absorbed gamma dose rate in different 

locations. 

 

Fig.3.Locations Vs Absorbed Gamma Dose rate(nGyh-1) 

 

 

3.2.3 Annual Effective Dose Equivalent (AEDE) 

In order to estimate the annual effective dose rates, one has 

to take into account the conversion coefficient from the 

absorbed dose in air to the effective dose received by adults 

(0.7 SvGy-1) and the outdoor occupancy factor (0.2) which 

implies that people spend 20% of the time outdoors, on the 

average, around the world proposed by UNSCEAR 

(2000)[1]. As the determination of AEDE of each site 

sample is very important, Annual effective dose for radon 

concentrations (in Bq/m3) was calculated according to the 
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equation [1].  

Table 2: Radiological parameters in Coastal sediment samples of East Coast line of Stud Area 

Sample 

ID 

Activity Concentration 

(Bqkg−1) Ra(eq) 

(Bqkg−1) 

Gamma 

Dose 

Rate 

(DR) 

(nGyh-

1) 

Annual 

Effective 

dose 

rate 

(mSvy1) 

Annual 

Gonadal 

Dose 

equivalent 

Gamma 

Representative 

level index 

(Iγr) 

Activity 

Utilization 

Index 

(AUI) 

Hint Hext 
ELCR 

X 10-3 

238U 232Th 40K 

CPL 9.3 39.41 360.26 93.4 80.73 0.099 0.307 0.696 0.592 0.277 0.252 0.348 

CPK 10.5 38.67 418.46 98.02 85.67 0.105 0.325 0.736 0.599 0.293 0.265 0.369 

CKP 2.21 10.98 390.51 47.98 45.35 0.056 0.175 0.385 0.186 0.136 0.13 0.195 

CPS 2.21 14.96 372.54 52.29 48.29 0.059 0.186 0.413 0.232 0.147 0.141 0.208 

CNK 2.21 2.11 412.09 36.96 37.32 0.046 0.145 0.311 0.08 0.106 0.1 0.161 

CEE 15.35 22.68 470.34 84 76.7 0.094 0.29 0.643 0.455 0.268 0.227 0.33 

CTK 7.07 7.16 540.02 58.89 57.58 0.071 0.221 0.479 0.197 0.178 0.159 0.248 

CCH 10.04 35.7 445.85 95.42 84.17 0.104 0.32 0.721 0.561 0.285 0.258 0.362 

CPT 22.24 59.14 485.12 144.16 124.32 0.153 0.468 1.063 0.96 0.449 0.389 0.535 

CKU 7.09 30.39 428.69 83.56 74.25 0.091 0.284 0.637 0.468 0.245 0.226 0.32 

CNB 11.1 30.94 416.12 87.39 77.54 0.095 0.294 0.661 0.511 0.266 0.236 0.334 

CMB 2.21 19.66 345.1 56.9 51.27 0.063 0.197 0.441 0.287 0.16 0.154 0.221 

CBB 12.04 41.98 427.33 104.98 91.44 0.112 0.347 0.785 0.654 0.316 0.283 0.394 

CBN 6.48 17.72 413.87 63.69 58.56 0.072 0.224 0.496 0.308 0.189 0.172 0.252 

CTR 8.64 27.84 451.55 83.22 74.7 0.092 0.285 0.637 0.454 0.248 0.225 0.322 

CNI 2.21 11.54 473.13 55.14 52.58 0.065 0.204 0.446 0.199 0.155 0.149 0.226 

CCG 2.21 11.54 439.77 52.57 49.91 0.061 0.193 0.423 0.197 0.148 0.142 0.215 

CPR 25.98 73.41 330.91 156.44 131.13 0.161 0.491 1.128 1.154 0.493 0.422 0.564 

CKI 14.13 60.15 431.85 133.4 113.71 0.14 0.431 0.984 0.893 0.398 0.36 0.49 

CMK 9.56 21.74 458.54 75.96 69.39 0.085 0.264 0.587 0.389 0.231 0.205 0.299 

CKB 9.29 24.23 419.1 76.21 68.73 0.085 0.262 0.584 0.413 0.231 0.206 0.296 

CVM 31.03 168.4 436.99 305.49 248.75 0.306 0.937 2.182 2.357 0.909 0.825 1.071 

AVE 10.14 35.02 425.8 93 81.91 0.101 0.311 0.702 0.552 0.279 0.251 0.353 

MAX 31.03 168.4 540 305.49 248.75 0.306 0.937 2.182 2.357 0.909 0.825 1.071 

MIN 2.21 2.11 330.9 36.96 37.32 0.046 0.145 0.311 0.08 0.106 0.1 0.161 

 

 

The annual effective dose equivalent  (Table 2) in the study 

area ranged between 0.046 (CNK) and 0.306 (CVM) with a 

mean value of 0.101 mSv y-1. The International 

Commission on Radiological Protection (ICRP) has 

recommended the annual effective dose equivalent limit of 

1 mSvy-1 for the individual members of the public and 20 

mSvy-1 for the radiation workers [14]. In areas with the 

normal background radiation, the average annual external 

effective dose from terrestrial radionuclides is                    

0.46 mSvy-1[15]. Therefore, the obtained mean value from 

this study area (0.097 mSv y-1) is well lower than the world 

average value. This indicates that the sediment samples 

satisfy the criteria from the radiation safety point of view. 

Fig. 4 shows the variation of Annual Effective Dose 

Equivalent in different locations. 

 

3.2.4 Annual Gonadal Dose Equivalent (AGDE) 

 

The gonads, the activity bone marrow and the bone surface  

cells are considered as organs of interest because they are 

the most sensitive parts of the human body to radiation [2]. 

An increase in annual gonadal Dose Equivalent (AGDE) 

has been known to affect the bone marrow, causing 

destruction of the red blood cells that are then replaced by 

white blood cells. This situation results in a blood cancer 

called leukemia which is fatal. It is a measure of the genetic 

significance of the yearly dose equivalent received by the 

population’s reproductive organs (gonads). Therefore, the 
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Annual Gonadal Dose Equivalent (AGDE) due to the 

specific activities of 238U, 232Th and 40K was calculated 

using the following formula [16, 17]. 

 

 

The AGDE values are presented in Table 2. The 

Annual Gonadal DoseEquivalent obtained ranged between 

0.145 (CNK) and 0.937 (CVM) with a mean value of 

0.311µSv y-1. As can be seen, the average values do not, in 

general, exceed the permissible recommended limits, 

indicating that the hazardous effects of these radiations are 

negligible. Fig. 4 shows variation of annual gonadal dose 

equivalent (AGDE) in different locations. 

 

Fig. 4.Locations Vs Annual Effective Dose Rate (mSvy-1) 

& Annual Gonadal Dose Equivalent (mSvy-1). 

3.2.5 Gamma Representative Level Index (Iγr) 

The representative level index (Iγr) of the sediment may be 

used to estimate the level of gamma radiation hazard 

associated with natural gamma emitters in the sediments. 

Since, gamma ray can pass through any material; it can 

cause severe damage to the cells of human beings. Hence, 

an increase in the representative gamma index greater than 

the universal standard of unity may result in radiation risk 

leading to the deformation of human cells thereby causing 

cancer. This index is used to correlate the annual dose rate 

due to the excess external gamma radiation caused by 

superficial materials and acts as a screening tool for 

identifying materials that might become health concerns 

when used as construction materials [18]. In this study, the  

gamma index (Iγ) was calculated as proposed by the 

European Commission [11, 19]. 

 
Values of Iγr ≤ 1 corresponds to an annual 

effective dose of less than or equal to 1mSv, while Iγr  ≤ 0.5 

corresponds to annual effective dose less or equal to 0.3 

[20]. The calculated values of the representative level index 

vary from 0.311 (CNK) to 2.182(CVM) with mean value of 

0.702 (Table 2). The representative level index (Iγr) must 

be less than unity in order to keep the radiation hazard 

insignificant [11]. The mean Iγr value (0.70) in the study 

area is below the recommend value indicating that the 

sediments do not pose any hazard. Fig.5 shows the variation 

of Representative level index (Iγr) at different sampling 

locations. 

 

Fig.5. Locations Vs RLI & AUI. 

3.2.6 Activity Utilization Index (AUI) 
In order to facilitate the calculation of dose rates in air from 

different combinations of the three radionuclides in 

sediments and by applying the appropriate conversion 

factors, an activity utilization index (AUI) is constructed for 

the usage of construction materials that is given by the 

following formula [11, 21]. 

 

 
        Where AU,ATh  and AK are activity concentrations (in 

Bq kg-1) of 238U, 232Th and 40K and fU,fTh, and fK are the 

fractional contributions to the total dose rate in air due to 

gamma radiation from the actual concentrations of these 

radionuclides. AU, ATh and AK are referred to be 50, 50 and 

500 Bq kg-1 respectively [22]. 

The activity utilization index of the sediment samples are 

calculated using the above formula. The calculated values 

(Table 2) vary from 0.080 (CNK) to 2.357 (CVM) with an 

average of 0.552.This value shows that AUI is less than 0.3 

mSv y-1for all locations, which corresponds to an annual 

effective dose < 0.3 mSv y-1 [23, 24].  This indicates that 

these sediments can be safely used for construction 

purposes. Fig. 5 shows variation of activity utilization index  

(AUI) with different locations. 

3.3 Radiation Hazard Indices 
Different known radiation health hazard indices analysis is 

been use in radiation studies to arrive at a better and safer 

conclusion on the health status of a radiated or irradiated 

person and environment in recent studies [25-29]. To assess 

the radiation hazards associated with the studied samples, 

the following indices have been defined.  

3.3.1Internal Hazard Index (Hint) 
In addition to the external hazard, radon and its short- lived 

products are also hazardous to the respiratory organs. 

Internal exposure to radon and its daughter products are 
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very hazardous and can lead to respiratory diseases like 

asthma and cancer. The internal exposure to radon and its 

daughter products is quantified by the internal hazard index 

(Hint) which is given by the equation. This hazard can be 

quantified by the internal hazard index (Hint) [9, 11, 24, 30].  

        
The  average value of Hint has been determined to be 0.279 

(Table 2) is less than permissible limit. The above results 

indicate that the internal hazard is below the critical value 

and has no significant radiation hazards associated with the 

sediments and hence the coastal sediments are unlikely to 

pose radiological health risk to the people living in nearby 

areas along the East coast of Tamilnadu, India. Fig. 6 shows 

variation of Hint with different locations. 

3.3.2External hazard index (Hex) 

The External Hazard Index is an evaluation of the 

hazard of the natural gamma radiation [31]. This index is 

used to assess the radiological suitability of a material. The 

external hazard index (Hex) represents the external radiation 

exposure associated with gamma radiation from 

radionuclides of concern. This index can be evaluated using 

the following equation. 

 
The calculated value of the External Hazard Index for 

the studied samples is presented in Table 2. The Hex values 

ranged from 0.100 (CNK) to 0.825 (CVM) with an average 

value of 0.251. The value of Hex must be lower than unity in 

order to keep the radiation hazard insignificant. The 

obtained values of Hex indicates that sediments may not do 

harm to workers and peasants in this region. Further, the 

mean value of the results showed there were no elevated 

radiological health hazards to the people living in nearby 

terrestrial areas of the sampling sites and the people who 

handle the marine sediments for utilizing them in building 

constructions is safe. The higher value of Hex in 

Vadanemmeli may be due to the dynamic movement of 

finer sediments from coastal regions, local industrial 

activities and movement of fishing/commercial vessels in 

this region. Fig. 6 shows variation of Hex with different 

locations. 

 
Fig. 6.Locations Vs Internal, External Hazard Indices & 

Excess Lifetime cancer Risk 

3.3.3Excess Lifetime Cancer Rrisk (ELCR) 

This deals with the probability of developing cancer over a 

lifetime at a given exposure level. It is presented as a value 

representing the number of cancers expected in a given 

number of people on exposure to a carcinogen at a given 

dose. It is worth noting that an increase in the ELCR causes 

a proportionate increase in the rate at which an individual 

can get cancer of the breast, prostate or even blood. 

Potential carcinogenic effects are characterized by 

estimating the probability of cancer incidence in a 

population of individuals for a specific lifetime from 

projected intake, exposures and chemical-specific dose-

response data (i.e., slope factors). The additional or extra 

risk of developing cancer due to exposure to a toxic 

substance incurred over the lifetime of an individual [17]. 

The Excess lifetime cancer risk (ELCR) is calculated using 

below equation [32].  

 
where AEDE, DL and RF are the total Annual Effective 

Dose Equivalent, duration of life (70 years) and risk factor 

(Sv-1), i.e. fatal cancer risk per sievert, respectively. For 

stochastic effects, ICRP 60 uses values of 0.05 for the 

public [32].  

From Table 2, the calculated ELCR values ranged from 

0.161×10-3 (CNK) to 1.071×10-3 (CVM) with an average of 

0.353×10-3, which is slightly higher than the worldwide 

recommended value of 0.29×10-3 [1]. ELCR Values in all 

the locations are slightly higher than the world average 

recommended limit except Kattupalli (CKP)   0.195×10-3, 

Power Station (CPS) 0.208×10-3, Nettukuppam (CNK) 

0.161×10-3, Tiruchinnakuppam (CTK) 0.248×10-3, Marina 

Beach (CMB) 0.221×10-3, Besant Nagar (CBN) 0.252×10-3, 

Nellankarai (CNI) 0.226×10-3, Chennai Golden Beach 

(CCG) 0.215×10-3, may be due to the higher activity 

concentration of 232Th which reflects enhancing value of 

ELCR.  Fig. 6 shows the locations and excess lifetime 

cancer (ELCR) values. 

 

4 Statistical Analyses 
The multivariate statistical method can also help to simplify 

and organize large data sets to indicate natural associations 

between samples and/or variables. Various statistical 

analyses have been carried out for the data obtained from 

radioactivity analysis of sediments using software 

SPSS16.0 by Statistical Graphics. These methods were as 

follows: 

 Basic statistics 

 Principal component analysis 

 Correlation analysis 

 Cluster analysis 

4.1 Basic Statistics of Natural Radionuclides  

Table 4 shows the basics statistics such as minimum, 

maximum, mean, standard deviation, variance, skewness 

and kurtosis of natural radionuclides from Pulicat lake to 
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Vadanemmeli. In the present study, standard deviation of 
238U, 232Th and 40K are smaller than their mean value. This 

shows that concentration of uranium and thorium in 

sediment samples has high degree of uniformity in their 

distribution [11].Skewness refers to the asymmetry or lack 

of symmetry in the shape of a frequency distribution. When 

a distribution is not symmetrical it is called a skewed 

distribution. Skewed distribution could either be positively 

or negatively skewed [11].  In the present study, the 

skewness of activity concentrations of 238U, 232Th and 40K 

radionuclides are positive, which shows that their 

distributions are asymmetric. Kurtosis is a measure of 

peakedness. It is also a function of internal sorting or 

distribution. Depending upon the peakedness, it is named as 

mesokurtic, leptokurtic and platy kurtic. If the value of 

kurtosis is zero, it is known as normal curve or mesokurtic. 

When the kurtosis value is positive, the curve is more 

peaked than the normal curve i.e., leptokurtic whereas the 

negative value of kurtosis indicates less peaked than the 

normal curve i.e., platy kurtic [11, 33]. In the present study, 

the kurtosis value of activity concentrations of 238U , 232Th  

and  40K is positive and it indicates that the curve is more 

peaked than the normal curve i.e., leptokurtic. The 

frequency distribution of 238U, 232Th and 40K are shown in 

Fig 7-9. The normal bell shaped curve was obtained for 40K. 

This indicates that the 40K does not involve in the 

hazardous. The multimodality structure of 238U and 232Th 

indicates that the radiological hazards are controlled by 238U 

and 232Th only. 

4.2 Principal Component Analysis (PCA) Among 

Radionuclides and Radiological   Parameters 
PCA is a multivariate statistical technique that is used to 

reduce data and decipher patterns within large sets of data 

[34]. Data reduction is performed by transforming data to a 

new set of variables (principal components) that are derived 

from linear combinations of the original variables and 

classified in such a way that the first principal components 

(typically two or three) are responsible for most of the 

variation in the original dataset [35-37]. The number of 

components to keep is based on the Kaiser criterion, for 

which only the components with eigen values greater than 1 

are retained. As a result, all components that contain a 

greater variance than the original standardized variables are 

kept [38].  

Table 4.  Summary of basic statistics  

Variables 238 U 232 Th 40 K 

Minimum 2.21 2.11 330.91 

Maximum 31.03 168.4 540.02 

Mean 10.14 35.01 425.82 

Std. Deviation 7.85 34.89 47.66 

Variance 61.66 1218 2272 

Skewness 1.295 2.885 0.044 

Kurtosis 1.519 10.312 0.756 

Frequency 

distribution 

Log-

Normal 

Log-

Normal 
Normal 

 

 
Fig. 7.Frequency distribution of 238U. 

 
Fig. 8.Frequency distribution of 232Th. 

 
Fig .9.Frequency distribution of 40K 

 

Using this technique, a system of components is obtained 

through the transformation of radio elements and their 

ratios. These new components are constrained to reproduce 

as much as possible the total variance of the original data. 

To maximize the variance of the principal components, the 

Varimax normalized rotation was applied. Obtained 

importance principal components such as component 1 and 

2 are given in Table 5 and shown in Fig. 10. 
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The principal component 1 extracted due to high positive 

loading of 238 U and 232 Th associated with all radiological 

parameters with explained variance of 90.01%. This 

indicated that the total level of natural radioactivity in the 

study area due to concentration of uranium and thorium 

only. Similarly component 2 due to low positive loadings of 
238 U and 232 Th with 40K explained variance of 8.45% but 

concentration of potassium not controls the levels of 

radioactivity.  According to [11, 17] If the total variance is 

greater than 70%, the fitted principal components to the 

data were good.  In the present study the total explained 

variance is 98.46% to the radioactive data’s. 

Table 5: Rotated factor loadings of variables 

 

Variables Component-1 Component- 2 
238U 0.906 0.043 

232Th 0.995 -0.081 
40K 0.003 1 

Req 1 0 

DR 1 0.023 

HR 1 0.024 

AUI 0.998 -0.056 

AGDE 1 0.025 

Hint 0.998 0.004 

Hext 1 0 

ELCR 1 0.022 

% of variance  

explained 
90.01% 8.45% 

 

 

 

 

 

Fig. 10. Graphical representation of component 1 & 2. 

4.3Pearson Correlations among Radionuclides 

and Derived Radiological Parameters 

 The linear relationship of radionuclides and 

associated radiological parameters was determined using 

Pearson’s correlation coefficient analysis and are presented 

in Table 6. The correlation of 238U with 232Th showed a 

fairly high degree of positive correlation coefficient of r > 

0.75, suggesting that the sediments are mostly influenced 

and controlled by similar origin of sources [17].  A very 

low degree of correlation was seen of 238U, 232Th and 40K, it 

suggesting that 238U, 232Th and 40K were of dissimilar origin 

in sediments. 238U and 232Th showed a high degree of 

positive correlation with all radiological hazard parameters 

except 40K. This indicated that radiological hazards were 

associated with uranium and thorium concentration and   

potassium is not influence of radiological hazards. Finally 

the Pearson Correlation Analysis is in good agreement with 

Principal Component Analysis. 

4.4 Cluster Analysis (CA) among Radionulides 

and Hazard Parameters (Dendrogram) 

Cluster analysis is one of multivariate techniques used to 

identify and classify groups with similar characters in a new 

group of observations. Each observation in a cluster is most 

like others in the same cluster. Cluster analysis was carried 

out through two axes; the first axis was to identify distance. 

The other axis was to identify similar characteristics among 

radiological parameters. To confirm the existing correlation 

between the variables, cluster analysis (CA) is carried out. 

In CA, single linkage method along with correlation 

coefficient distance is applied. 

 

 

The dendrogram visually displays the order in which 

parameters or variables combine to form clusters with 

similar properties. The most similar objects are first 

grouped, and these initial groups are merged according to 

their similarities. Similarity is a measure of distance 

between clusters relative to the largest distance between any 

two individual variables. One hundred percent similarity 

means the clusters were zero distance apart in their sample 

measurements, while the similarity of zero percent means  

the cluster areas are as disparate as the least similar region 

[21]. The derived dendrogram is shown in Fig.11. 

In this dendrogram, all 12 parameters are grouped into two 

statistically significant clusters. All the clusters are formed 

on the basis of existing similarities. Cluster I consists of 

natural radionuclides (238U and 232Th) and all important 

radiological parameters with high similarity.  This shows 

that the total level of radioactivity in sediment mainly 

depends on the corresponding 238U and 232Th 

concentrations.
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Table 6: Pearson correlations between radionuclides and associated radiological hazards 

Variables 238U 232Th 40K Ra(eq) DR HR AGDE RLI AUI Hint Hext ELCR 

238U 1 
           

232Th 0.873 1 
          

40K 0.044 -0.078 1 
         

Ra(eq) 0.909 0.995 0.002 1 
        

DR 0.914 0.992 0.025 1 1 
       

HR 0.913 0.992 0.027 1 1 1 
      

AGDE 0.911 0.992 0.028 1 1 1 1 
     

RLI 0.908 0.993 0.017 1 1 1 1 1 
    

AUI 0.907 0.997 -0.053 0.998 0.997 0.997 0.997 0.997 1 
   

Hint 0.929 0.99 0.007 0.999 0.999 0.999 0.999 0.999 0.997 1 
  

Hext 0.908 0.995 0.002 1 1 1 1 1 0.998 0.999 1 
 

ELCR 0.914 0.992 0.025 1 1 1 1 1 0.997 0.999 1 1 

 

 
Fig. 11. Shows the clustering of radioactive variables 

 

.  Cluster II consists of 40K only, suggesting that 

concentration of potassium in sediments do not contribute 

to the radiation hazard in the sediment sampling locations. 

The result of the cluster analysis is in good agreement and 

matches well with Pearson correlation analysis and 

principal component analysis. 

5 Conclusion 

In this study, the gamma radiation has been measured to 

determine natural radioactivity of 238U, 232Th and 40K in 

collected sediment samples from Pulicat lake to 

Vadanemeli of Chennai coast, Tamilnadu. The average 

activity of 232Th is slightly higher compared with the world 

average value. All the measured radiological parameters are 

less than the permissible limit except some locations of 

Panaiyur(CPR), Kanathursunami (CKI) and Vadanemeli 

(CVM). This may be due to the presence of heavy minerals 

and rich black sand in these locations. Moreover, it is also 

due to the recent development of major industries, shipping 

and harbor activities. The multivariate statistical analysis 

gives good agreement with the radioactive variables. 
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