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Abstract: Submarine groundwater discharge (SGD) demarcated as a significant component of 

hydrological cycle found to discharge greater volumes of terrestrial fresh and recirculated 

seawater to the ocean associated with chemical constituents (nutrients, metals, and organic 

compounds) aided by downward hydraulic gradient and sediment-water exchange. Delineating 

SGD is of primal significance due to the transport of nutrients and contaminants due to 

domestic, industrial, and agricultural practices that influence the coastal water quality, 

ecosystems, and geochemical cycles. An attempt has been made to demarcate the SGD using 

thermal infrared images and radon-222 (
222

Rn) isotope. Thermal infrared images processed 

from LANDSAT-8 data suggest prominent freshwater fluxes with higher temperature 

anomalies noted in Cuddalore and Nagapattinam districts, and lower temperature noted along 

northern and southern parts of the study area suggest saline/recirculated discharge. 

Groundwater samples were collected along the coastal regions to analyze Radon and Physico-

chemical constituents. Radon in groundwater ranges between 127.39 Bq m
-3

 and 2643.41 Bq m
-

3

 with an average of 767.80 Bq m
-3

. Calculated SGD fluxes range between -1.0 to 26.5 with an 

average of 10.32 m day
-1

. Comparison of the thermal infrared image with physio-chemical 

parameters and Radon suggest fresh, terrestrial SGD fluxes confined to the central parts of the 

study area and lower fluxes observed along with the northern and southern parts of the study 

area advocate impact due to seawater intrusion and recirculated seawater influence. 

Keywords: SGD, Thermal infrared image, SST, Radon fluxes, Recirculated seawater, East 

coast of South India. 
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1. Introduction 

 Submarine groundwater discharge (SGD) demarcated as a discharge of terrestrial 

(fresh) groundwater influenced by hydraulic gradient from land aquifers to the ocean and 

recirculated seawater through the aquifer sediments influenced by currents, waves, and tides 

[1].  SGD to the nearshore competes for river water inputs [2] both in volume and dissolved 

chemical constituents [2,3] Due to greater concentrations of dissolved chemical constituents, 

including nutrients, SGD is isolated as a significant pathway to alter biogeochemistry and 

coastal ecosystems [4-6]. Factors like superfluous growth of marine phytoplankton and algae 

found to influence the marine habitats, species and ecosystem due to nutrient discharge via 

SGD resulting in eutrophication and oxygen depletion termed as hypoxia [7-10]. In localities of 

aquifer uncleanness due to sewage and industrial activities might also stimulate coastal 

contamination [11,12]. The impact of the human population influencing coastal aquifers is 

found to induce groundwater aided by increased supply of chemical constituents (major ions, 

trace elements) and nutrients resulting in alteration of coastal ecosystems [13].  

 Hence recognition of SGD is of greater importance to isolate pathways of nutrients, 

trace elements, and other contaminants in order to develop tools and pathways to assess 

regional impacts. Due to varying spatial and temporal patterns of SGD, it is challenging to 

evaluate discharges over a greater aerial extent [14,4]. By considering the need, an attempt has 

been made in the proposed study to evaluate the use of aerial thermal infrared (TIR) imagery 

using LANDSAT-8 data sets, along with chemical concentrations like salinity and Radon to 

quantify SGD fluxes to the Bay of Bengal.   

 Thermal infrared (TIR) images can resolve the spatial variation of groundwater 

discharge due to contrasting temperature and density varying waters (saline and fresh) [15,16]. 

Fresh groundwater tends to exist at average annual groundwater temperature compared with 

ambient saline surface-waters [17,18]. Hence temperature of fresh groundwater will be either 

greater or lesser compared with saline waters and found to be influenced by seasonal variations 

[19] where SGD will be more relaxed than surface water in summer months and through the 

monsoon, warmer SGD is expected than the surface water [20]. 

 Naturally occurring isotopes produced from uranium and thorium decay series have 

been used to demarcate groundwater discharge sites isolated using TIR imageries. Radon 

(
222

Rn) is used as a proxy to identify areas of significant groundwater discharge due to higher 

magnitude in groundwater compared to seawater, its conservative nature, shorter half-life, and 

ease in measurement [21]. Radon (
222

Rn) is a non-reactive noble gas with a half-life of 3.82 days 

generated due to sediment recoil from uranium and thorium disintegration present in the 

aquifer sediments [22,23]. For the present study, TIR and Radon have been used to isolate 

groundwater discharge sites to the Bay of Bengal. 
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2. Study Area 

 The study area falls amid the Cauvery delta regime between Gadilam and Agniar rivers 

that encompasses Tamilnadu and Pondicherry coastal regions of South India between latitude 

10˚20’0’’ N and 11˚50;0’’ N and longitude 79˚20’0’’ E and 79 ˚50’00’’ E with a full coastal 

stretch of about 200 km (Fig. 1). The climate of the study area is influenced by adjoining Bay of 

Bengal experiencing hot and humid climatic conditions with temperature varying between 19.3° 

C to 40.6° C with sharp fall in night temperatures during the monsoon period with a mean 

annual temperature of about 31° C. The summer season is from March to May, noted with 

maximum temperature, and during December to February, the minimum temperature is 

observed (CGWB 2008) [24]. The relative humidity ranges between 62 % and 85 % 

throughout the year with higher (85 %) observed during November and lower (62%) noted 

during the month of February and remains low until May. Evaporation is higher (10.8 mm) 

from May to August and lowers during November (2.7 mm). Winds are primarily north-

westerly or westerly during May and September, and from October to February, winds are 

northeasterly or northerly. Wind speed is higher during May (12.5 Km/hr) and lowest in 

October (7.4 km/hr).  

Figure1. Study area location, geology, and groundwater sample locations 
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 The average annual rainfall over the study area varies from about 1050 mm to about 

1400 mm (CGWB 2009) [25]. Rainfall of the study area is influenced by northeast and 

southwest monsoons. During the northeast monsoon (October to December) about 52% of the 

rainfall happens and about 41% during the southwest monsoon (June to September). The rest 

of the precipitation happens during the summer (March to May) and winter (January and 

February) seasons, respectively (CGWB 2015) [26]. 

 The study area's geology is covered by recent deposits of marine and fluvial marine 

sediments and small patches of alluvium, sandy clay, silt, and cretaceous deposit of shaly 

sandstone. The study area is part of the composite east-flowing river basin having Cauvery and 

Vennar sub-basins and drained by Gadilam, Pennaiyar, Vellar, Kollidam, Cauvery, Virasolanar, 

Uppanar, Arasalar, Tirumalairajan Aru, Vetter, Kedurai Aru, Pandavai Aru, Vedaranyam 

canal, and Harichandra Nadi (CGWB 2008 and CGWB 2009). The present 

geomorphological setup of the study area is due to the action of significant rivers and their 

distributaries, oscillations in the sea level, tidal effect of the Bay of Bengal, and wind velocities.  

3. Materials and methods  

 The present study demarcates SGD hot spots using sea surface temperature (SST), 

water index, and Radon (
222

Rn) based assessment. SST of the present study area has been 

calculated by processing the thermal infrared image (TIR) of LANDSAT – 8 data. LANDSAT 

– 8 satellite data set from USGS Earth Explorer website has been used. For the present study 

TIR bands, 10 and 11 were utilized to estimate temperature differences in sea surface, and 

bands 4 and 5 were utilized for Normalized Differential Vegetation Index (NDVI) generation.  

Table 1. Bands, wavelength, and resolution for the present study 

Bands 

 

Wavelength 

(micrometers) 

Resolution 

(meters) 

Band 1 –Ultra blue, (coastal/aerosol) 0.43-0.45 30 

Band 2 Blue 0.45-0.51 30 

Band 3 Green 0.53-0.59 30 

Band 4 Red 0.64-0.67 30 

Band 5 Near Infra-Red 0.85-0.88 30 

Band 6 Short Infrared (SWIR)1 1.57-1.65 30 

Band 7 Short wave infrared (SWIR)2 2.11-2.29 30 

Band 8 Panchromatic 0.50-0.68 15 

Band 9 Cirrus 1.36-1.38 30 

Band 10 Thermal Infrared (TIRS)1 10.6-11.19 100 

Band 11 Thermal Infrared (TIRS)2 11.50-12.51 100 

 Satellite data products over the Tamil Nadu coast of January 2019 were used for the 

present study. Landsat 8 gives metadata information for thermal constant, rescaling factor value 
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which has been utilized for the calculation of the Land Surface Temperature. The wavelength 

and resolution of Landsat 8 utilized for the present study are given in Table-1. 

 One hundred seventeen groundwater samples were collected during low tide at a 

transect parallel to the East coast of Tamilnadu (Fig. 1) and analyzed within 3 to 6 hours after 

sampling for minimum loss of radon gas. Radon (
222

Rn) was determined using the radon 

emanometry method, designed by Polltech Instruments Pvt. Ltd., Mumbai, India. Radon 

activity in the water samples has been calculated using an equation suggested by [27]. 

                     222𝑅𝑛 (𝐵𝑞 𝐿 − 1)  =  
6.97 × 10−2 × 𝐷

𝑉 × 𝐸 × (1−𝑒−𝜆𝑡) ×  𝑒−𝜆𝑇         (1.1)  

 Where D represents above background counts, λ being radon decay constant as 

(2.098×10
-6

 s
-1

), E is the scintillation cell efficiency (74%), V being the water volume, T being the 

dealy in radon counting after groundwater sampling (s), and t being the counting duration(s). 

Physicochemical parameters like EC, pH, TDS, salinity, and DO have been analyzed in the 

field using the Hanna water analyzer.  

4. Result and Discussion 

4.1. The process attempted to retrieve Sea Surface Temperature 

 Landsat 8 satellite data product for Tamilnadu coast representing January 2019 

downloaded from USGS website has been used to acquire the sea surface temperature for the 

study area (Fig. 2). The data product used was acquired during day time, with path/row 142/52 

and 142/53 with cloud cover <15 % acquired on 10
th

 January 2019 at 04:59 a.m. All the data 

sets were resampled attempting nearest neighbor method, projected to Universal Transverse 

Mercator (UTM) coordinate system with WGS84 datum and zone 44. The steps discussed 

below were attempted to identify thermal anomalies.  

4.1.1. Top of Atmosphere (TOA) spectral radiance  

 Using rescaled radiance factor, the infra-red pixel digital numbers (DN values) of 

Landsat TIR band ten were converted to TOA spectral radiance adopting formulae as noted 

below [28,29]:  

  𝐿𝜆 𝑇𝑂𝐴=𝑀𝐿×𝑄𝑐𝑎𝑙+𝐴𝐿    (2.1) 

 Where, LλTOA recommends spectral radiance expressed in Watts (m
2

 * sr * μm)
-1

), ML 

suggests rescaling factor for band 10, AL proposes the rescaling factor (0.1) for band ten, and 

Qcal represents the quantized and calibrated standard product pixel values (DN). 

4.1.2. Top of Atmosphere (TOA) Brightness Temperature 

 The spectral radiance values are converted to temperature using the constant thermal 

values from the satellite metadata file adopting the formula.  
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   BT =
𝐾2

In(
𝐾1
𝐿𝜆 

+1)
− 273.15    (2.2) 

 BT represents the TOA brightness temperature represented in °C, Lλ being the 

spectral radiance, K1 and K2 are the band's precise thermal conversion metadata files acquired 

from satellite data files. In order to calculate the temperature in °C, absolute zero is added that 

approximates -273.15. Due to lower water vapor in the atmosphere, atmospheric values are not 

considered for calculating SST. 

4.1.3. Normalized Differential Vegetation Index (NDVI) 

 The Normalized Differential Vegetation Index (NDVI) that isolates varying land cover 

types is a standardized vegetation index calculated using Near Infra-red (Band 5) and Red 

(Band 4) bands using the equation suggested below.  

   NDVI =
NIR−RED

NIR+RED
    (2.3) 

 RED is DN values from the RED band, and NIR is DN values from the Near-Infrared 

band. The further calculation is required to assess land surface emissivity and sea surface 

temperature. 

4.1.4. Land Surface Emissivity (LSE) 

 Land surface emissivity (LSE) is calculated from the NDVI values that suggest the 

average emissivity values from individual elements on the earth's surface attempted using the 

equation suggested below. 

   PV = [
NDVI−NDVImin

NDVImax+NDVImin
]

2
    (2.4) 

 Where PV being the vegetation proportionality, NDVI being the DN values gathered 

from NDVI Image, NDVI min is the minimum DN values adopted from NDVI Image, and 

NDVI max being the maximum DN values gathered from NDVI image calculated using the 

formula: 

   E = 0.0004xPV + 0.986     (2.5) 

 Where E is the land surface emissivity, and PV is the vegetation proportionality.   

4.1.5. Sea Surface Temperature (SST) 

 The Sea Surface Temperature (SST) is the sea surface temperature calculated using 

Top of atmosphere brightness temperature, Wavelength of emitted radiance, and Land 

Surface Emissivity adopting the equation suggested below. 

   SST = (
BT

1
) + Wx (

BT

14380
) xIn(E)    (2.6) 
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 Where BT being the top of atmosphere brightness temperature represented in 

°C, W being the emitted radiance wavelength, and E being the land surface emissivity. 

The SST values gathered from the images suggests the top layer temperature (~ 1 mm 

thick) of the sea surface, colder than (0.1k) of the water mass immediately lying below and 

found to be influenced by heat loss due to evaporation, heat fluxes, and longwave radiation  

[30,31]. From the map, hot water plumes are more evident and can be interpreted as significant 

sources for SGD since the TIR was considered during POM season with lower surface water 

temperatures (18-20 ₀C). Thermal anomalies suggesting freshwater SGD fluxes were noted in 

Cuddalore and Nagapattinam districts (Fig. 2). From the study, it is significant that thermal 

plumes suggest the possible sources of fresh SGD sources along with associated materials to the 

sea. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. TIR generated SST for the study area (A) and (B) significant sources of SGD 

locations. 
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4.2. Quantification of SGD fluxes 

 A total of 302 water samples were collected during low tide at a transect parallel to the 

coast (Figure.1), and the height of the tide ranges between 0.1m and 0.73 m during the study.  

The statistical results of 
222

Rn and physicochemical parameters for groundwater samples are 

given in the table. 2. Radon in groundwater ranges between 127.39 to 2643.41 Bq/m
3 

with an 

average of 767.80 Bq/m
3

. Greater radon activity in groundwater samples suggests fresh 

groundwater discharge and declining values suggest influence due to recirculated seawater [32]. 

The salinity of groundwater samples ranges between 0.22 to 10.20 ppt with an average of 2.44 

ppt. Salinity and radon values were found to correlate where excess salinity correlated with 

lower Radon and lower salinity correlated with greater Radon suggesting the influence of fresh 

and recirculated seawater [33, 34]. Electrical conductivity (EC) of coastal groundwater ranges 

between 45,800.00 to 380.00 µS cm
-1 

with an average of 506.00 µS cm
-1 

signifying well-mixed 

groundwater with the influence of tides along with alluvium formation noted with more 

excellent permeability and well-sorted sand patterns and rainfall during northeast monsoons 

might have influenced electrical conductivity values [35].  The suitability of water for various 

purposes can be aided by the variation in Total Dissolved Solids (TDS). TDS ranges between 

221.00 to 26500.00 mg L
-1

 with an average of 2933.26 mg L
-1,

 suggesting the influence of fresh 

groundwater mixing with sea and vice versa in specific locations suggesting influence due to 

tides. The statistics of the data sets are represented in (Figure. 3). The temperature of water 

ranges between 24.80 to 29.80₀C; variation in groundwater temperature might be due to the 

spatial and temporal variation of groundwater and seawater temperature [20]. 

Table 2. Statistics of 
222

Rn and Physio-Chemical parameters attempted in the study area 

 Radon Salinity 
Electrical Conductivity 

(EC) 

Total Dissolved Solid 

(TDS) 
Temperature 

Max 2643.41 10.20 45.80 26500.00 29.80 

Min 127.39 0.22 0.38 221.00 24.00 

Avg 767.80 2.44 5.06 2933.26 27.83 

 (Radon expressed as Bq/m
3

, salinity as ppt, Electrical Conductivity as μS/cm, Total 

Dissolved solids as mg L
-1

 and temperature in ₀C). 

 (Radon expressed as Bq/m
3

, salinity as ppt, Electrical Conductivity as μS/cm, Total 

Dissolved solids as mgL
-1

 and temperature in ₀C). The SGD flux estimated by Radon based 

conceptual model as suggested by [36]. In order to isolate Radon influenced SGD fluxes, 

Radon in groundwater should be balanced for various sources and sinks that include: excess 

Radon due to water dissolved radium (
226

Ra), tidal variations, loss to the atmosphere, diffusive 

flux from sediments, mixing of radon low offshore water, tidal dynamics, atmospheric losses, 

sediment diffusivity and mixing loss due to lower radon water offshore. The above-discussed 

sources and sinks influence the radon balance for a given time [37]. The statistical data for 
222

Rn 

and physical parameters have been given in the table. 2.   
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Figure 3. Statistical comparison of physical parameters 

 The measured 
222

Rn is corrected to isolate the Radon attributed SGD fluxes by dividing 

the 
222

Rn estimated fluxes by groundwater measured 
222

Rn concentrations for a given study area. 

The Radon derived SGD flux is calculated using the equation given below [32]. 

 𝐹𝑆𝐺𝐷 =  𝐹𝑡 + 𝐹𝑠𝑒𝑑 + 𝐹𝑖 + 𝐹𝑎𝑡𝑚 + 𝐹𝑜 + 𝐹𝑚𝑖𝑥   (3.1) 

 Here, FSGD proposes the measured SGD due to Radon, Ft suggests radon variance 

during consecutive sampling hours, Fsed being the Radon that escapes from aquifer sediments, Fo 

being the Radon that voyage due to low tide, Fatm being the radon discharge to atmosphere, Fi 

proposes radon movement during high tide, and Fmix suggests the mixing loss of Radon.  

 The SGD fluxes are generally calculated by considering the Radon attributed fluxes 

(FSGD) attempted by dividing the groundwater measured radon end member. The SGD flux 

calculation is attempted from the equation suggested below: 

  𝑄𝑆𝐺𝐷 =  𝐹𝑆𝐺𝐷 /222𝑅𝑛 𝑔𝑤    (3.2) 

 Here, QSGD is the terrestrial, fresh SGD flux usually measured as m/d, FSGD being 

the ascribed 
222

Rn flux measured in Bq/m
2/

h
1

, and 
222

Rn gw is the groundwater attributed Radon 

usually measured as Bq/m
3

.  

4.2.1. Atmospheric loss  

 Radon in groundwater is calculated by considering the air radon with partition 

coefficient as suggested below: 

  𝛼 = 0.105 + 0.405𝜀−0.0502𝑇    (3.3) 
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 Here, implies partition coefficient, and T point toward water temperature measured 

in °C 

 The significant loss of Radon is mainly by diffusion to the atmosphere. The estimation 

is attempted utilizing the molecular diffusion due to 
222

Rn gradients and wind transfer 

influenced due to wind velocity and temperature variance. Radon gas is partially soluble in 

water and mixing aided across the air-water interface and found in imbalanced phases. At 

equilibrium: 

  𝐶𝜔 = 𝛼𝐶𝑎      (3.4) 

 Here, Cw indicates measured Radon in water (Bqm
-3

), Ca being the 
222

Rn presence in 

the atmosphere ( Bq m
-3

 ) and  suggests the partition coefficient.  Once Cw >Ca, diffuse of 
222

Rn will be noted from water phase to atmosphere, and the loss is calculated adopting 

equation suggested by Eckerman et al. 2012 [38] as: 

   𝐹𝑎𝑡𝑚 = 𝑘(𝐶𝑤 − 𝛼 𝐶𝑎    (3.5) 

 Hence, Fatm suggests the Radon diffusive across the air-water interface (Bq m
-2

 h
-1

); k 

being the velocity of gas transfer (m s
-1

). The relationship between wind speed and velocity of 

gas transfer aided by tracer experiments is calculated as: 

 𝐾600𝑤𝑖𝑛𝑑 = 0.45𝜇1.6(𝑆𝑐/600)−𝛼   (3.6) 

 Where, µ being the wind speed (m s
-1

), is the flexible power function influenced by 

wind speed ( = 0.6667 when µ< 3.6 ms
-1

, and = 0.5 when µ > 3.6 ms
-1

). Sc being the Schmidt 

number suggested at a particular water temperature for Radon. To normalize gas transfer 

velocity to Schmidt number for freshwater CO2 at 20°C, Sc is divided by 600 to normalize the 

gas transfer velocity, which is defined as the ratio of kinematic viscosity (v) to the molecular 

diffusion coefficient (Dm) calculated as: 

  𝑆𝑐 = 𝑣
𝐷𝑚

⁄      (3.7) 

 The molecular diffusivity coefficient being the function of temperature (T), is 

explained as: 

  𝐷𝑚 = 10−(1.59+980/(𝑇+273)    (3.8) 

 The kinematic viscosity (v) is the ratio of the absolute viscosity (µ) to the density ( ) of 

the water at a measured temperature: 

   𝑣 =
𝜇

𝜌⁄      (3.9) 

 By adopting Eq. 3.9, the diffusive flux of Radon at the air-water interface is calculated. 

Fatm is found to be influenced by gas transfer velocity (k), partition coefficient (α), and varying 
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Radon in the air (Cair) and water interface (Cw). The average loss of Radon to the atmosphere 

at the air-water interface is 28.06 Bq m
-2 

h
-1

.  

4.2.2. Sediment diffusive radon fluxes 

 The 
222

Rn flux will also diffuse from aquifer sediments to the water when the sediments 

essentially contain radon source elements. The sediment diffused radon flux is calculated, 

attempting equation suggested by [39] as noted below. 

 𝐹𝑠𝑒𝑑 = (𝜆𝑛𝐷𝑚)0.5(𝐶𝑒𝑞 − 𝐶𝑜    (3.10) 

 Here, Fsed suggests the sediment diffused radon fluxes represented in Bq m
-2 

h
-1

, λ 

portrays the radon decay constant as 0.181 d
-1

, n represents the sediment porosity, Co and Ceq 

propose Radon in sediments and water column expressed in Bq m
-3

. The grain size study 

attempted for the study area sediments ranges between 0.37 to 0.46 and 
222

Rn in water samples 

ranges between 127.39 and 2643.41 Bq m
-3

. Dm represents the molecular diffusion coefficient 

for salinity 34.0 at 18 °C found to range between 1.75 × 10−5

 and 1.98 × 10−5

 cm
2

 s−
1

(Jahne et al. 

1987) [40]. By simplifying equation (3.10), the variation in net radon fluxes across the 

sediment-water interface was found between -0.14 to 1.48 Bq m
-2 

h
-1

. More significant radon 

fluxes across the sediment-water interface might be due to the porous and permeable sand 

formation isolated in the study area found negligible compared with the total radon fluxes. 

4.2.3. Inventory of excess radon and radium fluxes  

 Burnett and Dulaiova 2003  [41] have proposed the impact of tides on radon 

variability to assess the excess Radon, which is defined as the artifact of excess 
222

Rn (
222

Rn - 
226

Ra) 

in water and water depth (h) calculated adopting equation suggested below:  

𝐸𝑥𝑐𝑒𝑠𝑠 222𝑅𝑛 (𝐵𝑞 𝑚−3) = 𝑇𝑜𝑡𝑎𝑙 222𝑅𝑛 (𝐵𝑞 𝑚−3) −  226𝑅𝑎(𝐵𝑞 𝑚−3)  (3.11) 

 The excess 
222

Rn in water has been calculated considering 
226

Ra concentrations 

estimated by [11] in Sankarabarani estuary (0.629 Bq m
-3

) were considered for the present 

study due to proximity, similar geological and tidal conditions. The 
226

Ra concentration was 

deducted from the total 
222

Rn to precise Radon supported from radium-226. The radon flux 

( F) variations of the study area ranged between 9.5 to 36.2 Bq m
-2 

h
-1

. 

4.2.4. Tidal influence  

 The radon fluxes seem to be influenced by tidal fluctuations. During low tide (Fout) 

radon is found to be released from aquifer to sea, and during high tide (Fin), Radon is found to 

be supplemented from sea to groundwater. 

4.2.5. Estimation of mixing loss and net radon flux 

 Radon mixing loss is mainly due to the radon movement out of the system due to 

mixing activities at nearshore when higher radon groundwater mixes with lower radon seawater 

[37, 42, 35]. 
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Figure 4. Groundwater radon fluxes 

  After stabilizing Radon concerning tidal variations, loss to the atmosphere, and 

diffusion from sediment, the net radon flux isolated should equilibrate SGD attributed Radon 

and those lost to the ocean as mixing loss. [35] have suggested mixing loss from the negative 

values of radon fluxes. More significant mixing loss signifies a larger SGD supply and is about 

20% from the total radon fluxes [35]. The groundwater net mixing loss was found to range 

between -25.41 to 5248.94 Bq m−2

 h−1

 (Figure 4). Negative values in the mixing loss calculation 

suggest the absence of SGD fluxes and negative values observed in the groundwater samples 

suggest the influence of recirculated seawater to contribute about 90% of the total SGD 

happening globally [43]. 

4.2.6. Net fluxes of Radon   

 SGD fluxes were attempted by dividing the overall radon fluxes with those observed in 

groundwater samples. For the present study, groundwater end members were considered due 

to the greater availability of Radon in groundwater samples, indicating greater mobility.  

 

 

 

 

 

 

 

 

Figure 5. Groundwater attributed SGD fluxes 
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 The calculated SGD fluxes for groundwater samples range between -1.0 to 26.5 with 

an average of 10.32 m day-1. More significant fluxes observed in specific locations confined to 

the southern part of Cuddalore and Nagapattinam districts suggest that the influence of fresh 

groundwater discharge and lower observed in north Cuddalore and Vedaranyam localities 

suggests the influence of recirculated seawater altering the chemical composition of 

groundwater along with radon availability (Figure. 5). 

4.3. Spatial representation of data sets  

 An attempt has been made to correlate Radon, salinity spatially, and temperature for 

groundwater samples collected (Fig. 6). Lower Radon, lower salinity, and temperature were 

recorded along with the northern parts of the study area, demarcating the lower significance of 

fresh, terrestrial SGD. In the central parts of the study area, higher Radon, lower and 

intermediate salinity, and greater temperatures confirmed the fresh SGD and southern parts of 

the study domain recorded with lower to intermediate Radon, intermediate to higher salinity, 

and intermediate to higher temperature signifying chances of recirculated SGD. In general, 

northern parts of the study area are found to be influenced by seawater intrusion, central parts 

of the study area are noted with fresh, terrestrial SGD discharge, and the southern part of the 

study area is found to be influenced by recirculated SGD. The above observations confirmed 

with TIR images showing zones of discharge confined to central parts of the study area.  

Figure 6. Spatial plots for (A) Radon, (B) Salinity, and (C) Temperature 

5. Conclusion 

 The East Coast of Tamil Nadu has been influenced by recent human development 

that has threatened groundwater quality in the coastal aquifers. An attempt has been made to 

A B C 
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find the submarine groundwater discharge (SGD) zone by processing LANDSAT 8 data, and 

flux has been calculated using the radon mass balance model. Thermal anomalies given 

freshwater flow were found to range between 24₀ 

C to 28₀ C prominent along with the central 

parts of the study area signifying sources of terrestrial SGD and lower anomalies noted in 

northern and southern parts of the study are suggest the influence of seawater intrusion and 

recirculated seawater. Radon attributed SGD flux attempted adopting radon mass balance 

model suggest more significant fluxes 26.5 m day
-1

 and found to be influenced by groundwater 

velocity and hydraulic gradient.  More significant fluxes were noted in a nutshell in central parts 

of the study area, indicating terrestrial groundwater discharge and lower fluxes confined to 

northern and southern parts of the study domain suggest the influence of seawater intrusion 

and recirculated seawater. Spatial plot attempted for Radon, salinity, and temperature also 

confirm the possibility of three significant discharge types, which was also in analogy with SST 

calculated for the present study area. 
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