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SUPPORTING INFORMATION: Conceptual uncertainties in groundwater and 1 

porewater fluxes estimated by radon and radium mass balances  2 

 3 

S1. Radon and Radium data for the mass balance 4 

S1.1. Surface water, porewater and stream water  5 

Radon and radium data were collected concurrently in June 2016 (data previously 6 

published in Rodellas et al. (2018) and Tamborski et al. (2018)) (Fig. 1c and d). This data 7 

includes 222Rn and 224Ra concentrations in i) lagoon surface waters from the northern 8 

basin, which was sampled in discrete water samples for radium (n=40) and via 9 

continuous measurements of radon from a moving boat (n=59); ii) porewaters 10 

collected at 4 different locations (Pz1, Pz2, Pz3 and Pz4) and at different depths (from 11 

5 to 50 cm below the sediment-water interface) using a direct-push, well-point 12 

piezometer (porewater profiles for Ra were collected in April 2016); and iii) discrete 13 

water samples from the permanent stream that flows into the lagoon and is fed by the 14 

main karstic groundwater spring (Fig. 1). Detailed methods for the collection and 15 

analyses of 222Rn and 224Ra in these samples are reported in Rodellas et al. (2018) and 16 

Tamborski et al. (2018), respectively. Note that the average 224Ra concentration in 17 

lagoon water reported here is slightly different than that reported in Tamborski et al. 18 

(2018), because the southern lagoon was also included in the previous study. 19 

 20 

Additional data was also collected to establish the short-term temporal variability of 21 

the short-lived tracers 222Rn and 224Ra in the lagoon. Lagoon 222Rn concentrations were 22 

measured continuously at one site over 5 days (26 April – 1 May 2016) (Fig. 1a). 23 

Lagoon surface water was pumped continuously from the sampling station through a 24 

gas extraction membrane (Liqui-Cel MiniModule) which was coupled to a RAD7 25 

detector, analyzing 222Rn concentrations in hourly intervals (Dulaiova et al., 2005; 26 

Stieglitz et al., 2010; Schubert et al., 2012a). Water salinities and temperatures 27 

recorded continuously at the intake of the pump (CTD logger NKE S2T600) was used to 28 

correct the air-water partitioning of 222Rn following (Schubert et al., 2012b). Further, 29 

eight 224Ra surface water samples distributed throughout the northern basin were 30 

collected for 224Ra analysis both on 22 June and 4 July 2017 (i.e. 12 days later). Radium 31 
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samples were filtered through MnO2-coated acrylic fibers and analyzed using the 32 

RaDeCC system (Moore and Arnold, 1996).  33 

 34 

All the data used in this study is available as Supporting Information (ResearchData). 35 

 36 

S1.2. Sediment equilibration experiments 37 

Porewater 222Rn concentration in equilibrium with production from sediments was 38 

estimated by 222Rn equilibration experiments using sediments from cores collected at 39 

4 locations in the lagoon (Pz1, Pz2, Pz3, Pz4; Fig 1a),which were chosen to be 40 

representative of the different types of sediments in the lagoon as derived from a 41 

detailed sediment mapping (IFREMER, 2003). Subsequently, following (Chanyotha et 42 

al., 2014), , ~200 g of dry sediment was put into a 500 mL gas-tight reaction flask and 43 

the remaining volume was filled with Ra-free lagoon water. Each flask was connected 44 

in a closed loop to a RAD7 and the 222Rn concentrations in overlying waters were 45 

continuously measured for 24 hours (1-hour cycles). 222Rn diffusive fluxes were 46 

determined from the near-linear slope of 222Rn concentration vs time.  47 

  48 
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S2. Estimation of porewater fluxes from 222Rn deficit in sediments 49 

The exchange of 222Rn between overlying waters and sediments due to porewater 50 

fluxes and diffusion produces a deficiency of 222Rn in sediments relative to the 51 

equilibrium porewater concentration, in which production from 226Ra in sediments is 52 

balanced by radioactive decay. The integrated 222Rn deficit over depth equals the total 53 

net flux of radon across the sediment-water interface and can be written as (Martin et 54 

al., 2007; Cable and Martin, 2008; Cook et al., 2018):  55 

 56 

𝐹𝑠𝑒𝑑 = ∫ (𝜆𝐶𝑒𝑞−𝑧 − 𝜆𝐶𝑧)𝜃𝑧𝑑𝑧 
∞

0
      (S1) 57 

 58 

where 𝛳z, Ceq-z (Bq m-3) and Cz (Bq m-3) are sediment porosity, radon concentration in 59 

equilibrium with sediments and radon porewater concentration at each depth z (m). 60 

For simplicity, here we assume that 𝛳z and Ceq-z are constant with depth, as often 61 

assumed in the literature (Cable and Martin, 2008; Cook et al., 2018). Constant 𝛳 is 62 

obtained from (Tamborski et al., 2018) and Ceq is derived from the maximum 63 

concentrations measured at each site (piezometers Pz1, Pz2 and Pz3). The 222Rn 64 

concentrations measured in porewaters at different depths (Cz) at each location 65 

increase with depth (Fig. S1), indicating a deficit of Cz relative to Ceq for the upper 66 

sediments due to 222Rn exchange between porewaters and overlying lagoon waters. 67 

The total net 222Rn flux from sediments is estimated applying Eq. S1 and integrating the 68 

222Rn deficit down to the depth where the equilibrium concentration (Ceq) is reached. 69 

This total flux also includes the 222Rn loss due to diffusion, which needs to be 70 

subtracted to obtain the 222Rn flux that can mainly be attributed to advective 71 

porewater fluxes (Cook et al., 2018). In this case, we estimate 222Rn diffusion by using 72 

the depth-independent approach (Equation 3), which is the only approach that 73 

provides an independent estimate by using the information derived from the 74 

porewater profiles (estimated Ceq). To upscale porewater fluxes derived from 75 

piezometers to the entire lagoon, we use an area-weighted average of porewater-76 

driven 222Rn fluxes by considering the distribution of sediments and assuming that 77 

recirculation fluxes at Pz4 (impermeable area) are negligible. Estimated porewater 78 

fluxes from this deficit model are 15 ± 3 Bq m-2 d-1, which can be converted to a water 79 
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flow of 0.3 ± 0.1 cm d-1 (using the 222Rn concentration measured at the shallowest 80 

point for each piezometer as the porewater endmember; (Cook et al., 2018)).  81 

 82 

 83 

 84 

Figure S1: Depth profiles (in cm below the sediment-water interface) of 222Rn 85 

concentration in porewater for the three piezometers collected in June 2016 (Rodellas 86 

et al., 2018). The dashed lines represent the assumed 222Rn concentration in 87 

equilibrium with sediments (i.e. maximum observed porewater activities) and the solid 88 

areas represent the deficit of 222Rn with respect to sediment equilibrium 89 

concentration.  90 

 91 
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