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1. 222Rn mass balance model

In recent years, *?2Rn has been extensively applied in LGD studies (Adyasari et al., 2023).
Originating from its predecessor, 2*Ra, 222Rn has a half-life of 3.82 d. By treating lake water as a
defined system, a mass balance model was established based on both its sources and sinks of
222Rn. The 22Rn flux of groundwater discharge was deduced as an unidentified term. The ?>’Rn
mass balance model structure can be expressed as follows (Kluge et al., 2007; Schmidt et al.,
2010; Luo et al., 2018; Dabrowski et al., 2020; Sun et al., 2024):
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where Fg, Fq, and F, are the *’Rn flux (Bg/m2d) of groundwater discharge, sediment diffusion,
and atmospheric escape, respectively. I2?Ra and 1?*’Rn are the pools of 2?°Ra and ??’Rn in the
lake water (Bq/m?), which are equal to the concentrations of ?*’Ra and 2*’Rn multiplied by the
water depth. The A*??Rn is the decay coefficient of 222Rn with a value of 0.181 d'!. During the
field sampling period at each lake, we selected two identical sites in the lake to measure the
222Rn concentration and lake water level before and after sampling. This was done to compare
the changes in ?>’Rn concentration and water level before and after sampling. The measurement
times before and after sampling were the first day and the last day of the sampling period,
respectively. Since there is almost no difference in the lake water level and ?>’Rn concentration
at the same location before and after sampling, the change in the ?>’Rn in lake water on the left
side of the equation can be approximated as 0 (Kluge et al., 2007; Dimova et al. 2013; Liao et al.,
2022).

The ??’Rn flux diffused from the sediment to the lake is one source of the *??Rn mass

balance model, and it is calculated by the following formula (Wang et al., 2020):
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where C, (Bg/m?) and Cy (Bg/m?®) are ?*’Rn concentrations of pore water in sediments and
overlying lake water, respectively; Dm (cm?/s) is the 22?Rn molecular diffusion coefficient in wet
bulk sediment (Boudreau, 1996; Cable et al., 1996; Schulz, 2006), n is the porosity of the

sediment.



To determine the 2*Rn concentrations in sediment pore water, a sediment equilibrium
incubation experiment was carried out following the procedure proposed by Corbett et al. (1998).

The Dn 1s expressed as:
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where Ty is water temperature (°C). An equilibrium incubation experiment with lakebed
sediments was carried out to obtain the ?>’Rn concentration in sediment pore water (Corbett et al.,
1998). 150 g of sediment and 500 mL of in-situ lake water were placed in an Erlenmeyer flask
and sealed. The lake bed sediment and overlying lake water were incubated in a shaker for 30
days until the ??Rn concentration in sediment pore water reached equilibrium. The balanced lake
water was transferred to 250 mL glass bottles by overflow method and then measured with
RAD7 and RAD H-O.

The ?>’Rn concentration in lake water is higher than that in air. As a result, >*’Rn in lake
water will escape from the water-gas interface to the atmosphere under the effect of the ?2?Rn
concentration gradient between them. The atmospheric loss of ?22Rn is estimated based on the
following empirical equation, which is related to temperature and wind speed (Maclntyre et al.,
1995; Schmidt and Schubert, 2007; Dimova and Burnett, 2011):
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where K values are in cm h™! but have been scaled to m d!' for input into Eq. (1); Cw is the
concentration of lake water 22Rn (Bgq/m?); C, is the concentration of 2?2Rn in the air (Bg/m?); a is
the gas distribution coefficient (dimensionless) and is a temperature dependent function (Burnett
and Dulaiova, 2003); Ty (°C) was the temperature of the lake water; b = 0.5 when wind speed >
3.6 m/s and b = 0.667 when wind speed < 3.6 m/s; Lo is the wind speed (m/s) at 10 m above lake
surface; un is the wind speed at measurement height (m/s), h is the wind observation elevation (m)

above the lake water surface, wind speed (m/s) data during the study period were average 15



minutes wind speed obtained from portable weather station monitored in lake area; Sc
(dimensionless) is the influence of kinematic viscosity (v) and the molecular diffusion coefficient

(Dm), and can be expressed as:
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where v (m?/s) is the kinematic viscosity which equals the ratio of absolute viscosity (1) [kg/(m
d)] to water density (p) (kg/m?®) at specific temperature Dm and v are related to temperature

changes.
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where constants A, B and C are 2.414x107 kg/(m s), 247.8 K and 140 K, respectively.

Generally, ?*?Rn from the decay of dissolved ?*Ra can be omitted for 2Rn mass balance
model (Yi et al., 2018). Radium is generally adsorbed onto the surface of particle in fresh water
(Wang et al., 2021) and is only released from the surface of particles into water in brackish or
salt water environments (Webster et al., 1995, Gonneea et al., 2008). In freshwater lake
environments, the concentration of ??°Ra is very low as to be negligible (Dimova et al., 2013;
Luo et al., 2018). To verify this point of view, a simple experiment was conducted in which two
lake water samples were degassed and then sealed (Corbett et al., 1997; Dimova et al., 2015).
After 28 days, 2?2Rn was not detected in both lake water samples, indicating that 22°Ra would not
significantly contribute to ??>Rn in lake water.

The LGD rate can be obtained by dividing the ?*’Rn flux from groundwater discharge by the
222Rn concentration of surrounding groundwater. The formula is as follows (Luo et al., 2018;
Wang et al., 2019):

V= i x1000
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where V is the average LGD rate (mm/d); Fg is the *Rn flux of groundwater discharge

[Bg/(m? d)]; Cg is the *?2Rn concentrations in groundwater end member (Bg/m?).
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Table S1. The fluxes of nutrients from sediment diffusion and atmospheric deposition for individual sampling
sites.

Diffusive fluxes from the sediment Atmospheric total deposition fluxes

: to the overlying water
Sampling ymg mg/m*d
site (mg/m?/d) (mg/m*d)
NH;3-N TN TP NH;s-N TN TP
HWLO02 0.39 2.46 0.005 0.46 1.26 0.02
HWLO03 0.67 0.45 0.005 0.46 1.39 0.03
HWLO06 0.34 0.32 0.003 0.50 1.27 0.03

Table S2. The average fluxes of nutrients from sediment diffusion and atmospheric deposition for HWL.

Diffusive fluxes from the sediment

to the overlying water Atmospheric total deposition fluxes

/
Lake (mg/m?/d) (mg/m*d)
NH.-N N TP NH,-N ™ TP
HWL 0.47 108 0.004 0.47 1.31 0.03
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