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Fig. 1 Schematic map showing the geographical location of the Lia-Formosa Lagoon and sampling sites
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Fig. 2 Time series monitoring of salinity, the dark region indicates night time. High tide and low tide points are also included in the figure.
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Fig. 3 (A) Piezometric pressure head (data from www.snirh:pt) in adjacent boreholes and fresh groundwater composition in total SGD

during January to July (data from Leote et al®”); (B) pressure head measurements in different boreholes and prediction of the fresh compos-

ition in total SGD in each borehole in May, 2010; Regression trends between fresh groundwater composition and pressure head in Quinta

Das Palmeiras (C) and Gambelas (D). The average produced the ratio of freshwater to recycled seawater in the survey (35.8%: 64.2%) in
the total SGD.
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Table 1 Endmember values and individual contribution of NO; and DON in fresh SGD and

recycled saline SGD (SW: seawater, GW: groundwater).

PRoVIEE  NO,PHYkE  DONVIWE HEBGER NO; #Hejics DONHERE
(Bg/m®) (umol/L) (pmol/L) RRHTKILH (10* m*/d) (kg/d) (kg/d)
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Fig. 4 Contributions and comparison of NO;, DIN, and DON from distinct sources to the Ria Formosa lagoon
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The black dots in the diagram represented specific sampling sites.
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Table 3 The N exchange due to tidal fluxes and residues between flood tide and ebb tide in two study sites, as well as N inputs and

transformation rates in the lagoon, the unit is pmol N/(m*-h). The line “— represents not ‘a source’ for this species.
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Fig. 7 Chlorophyll concentrations in waters off the southern
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coast of Portugal, based on Sentinel-2 satellite remote sensing

data. The lagoon area (the section outlined in black in the figure)
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reaching 10 pg/L or higher. B
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The impact of submarine groundwater discharge on nitrogen input and
nitrogen cycling processes in a southern Portugal lagoon

Sun Danging', Lai Longyun', XuYi', Jiang Shan'

(1. State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200241, China)

Abstract: This study investigated the nitrogen input characteristics of submarine groundwater discharge (SGD)
and its influence on the nitrogen biogeochemical cycle in the Ria Formosa lagoon system in Faro, southern Por-
tugal, during the early summer season. The results showed that although biogeochemical processes within the sub-
terranean estuary significantly reduce the nitrogen load transported by SGD, it remained an important source of ni-
trogen nutrients to the lagoon. The SGD-derived nitrate flux into the lagoon was as high as 1.3(x1.0) x10° kg/d,
and the flux of dissolved organic nitrogen (DON) was 220.3(£163.3) kg/d, contributing 89% of the total nitrate in-
put and 37% of the total DON input to the lagoon, respectively. End-member analysis further revealed that approx-
imately 98% of nitrate and 76% of DON originated from freshwater groundwater, highlighting the potential pres-
sure of land-sourced groundwater nitrogen pollution on coastal ecosystems. A 48-hour in situ continuous monitor-
ing in the lagoon revealed that externally sourced nitrate from SGD was rapidly removed from the lagoon system,
with a removal rate of 69.9(+68.5) umol N/(m*-h). Considering the lagoon area, the estimated total daily net nitrate
removal in the lagoon is equivalent to 8.9 times the total nitrate-input from SGD. This result indicates that the
biogeochemical nitrate removal processes within the lagoon are highly active, with a combined removal capacity
far exceeding that of the SGD input alone; the lagoon as a whole thus acts as an efficient nitrate sink. Concurrently,
the net production rate of DON was as high as 36.3(£35.4) umol N-DON/(m?:h), indicating that the substantial in-
put of land-sourced nitrate significantly enhanced biological assimilation within the lagoon ecosystem. Therefore,
future efforts should prioritize the long-term monitoring and precise management of SGD-derived nitrogen inputs

to ensure the health and sustainable development of coastal lagoon ecosystems.

Key words: Submarine groundwater discharge; Subterranean estuary; Radon; Nitrogen; Portugal
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