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Nitrogen (N) emissions associated with urbanization exacerbate the atmospheric nitrogen influx to remote ecosystemslike mountains -, leading to well-documented detrimental effects on ecosystems (e.g., soil acidification, pollution of freshwaters).

Here, the aim was to evaluate the importance and fate of N deposition in a watershed along a montane to urban gradient, using a multi-isotopic tracers approach (Δ 17 O, δ 15 N, δ 18 O of nitrate, δ 2 H and δ 18 O of water). In this setting, the montane streams had higher proportions of atmospheric nitrate compared to urban streams, and exported more atmospheric nitrate on a yearly basis (0.35 vs 0.10 kg-N ha -1 yr -1 ). In urban areas, nitrate exports were driven by groundwater, whereas in the catchment head nitrate exports were dominated by surface runoffs. The main sources of nitrate to the montane streams were microbial nitrification and atmospheric deposition whereas microbial nitrification and sewage leakages contributed most to urban streams. Based on the measurement of δ 15 N and δ 18 O-NO 3 -, biological processes such as denitrification or N assimilation were not predominant in any streams in this study. The observed low δ 15 N and δ 18 O range of terrestrial nitrate (i.e., nitrate not coming from atmospheric deposition) in surface water compared to literature suggests that atmospheric deposition may be underestimated as a direct source of N.

Introduction

Atmospheric nitrogen (N) deposition has increased 10-fold over the past century, increasingly contributing to the global N availability [START_REF] Galloway | Nitrogen Cycles: Past, Present, and Future[END_REF].

Anthropogenic activities such as fossil-fuel combustion, agriculture, and fertilizers use are responsible for this increase [START_REF] Fowler | Effects of global change during the 21st century onthe nitrogen cycle[END_REF][START_REF] Galloway | Transformation of the nitrogen cycle: recent trends, questions, and potential solutions[END_REF][START_REF] Vitousek | HUMAN ALTERATION OF THE GLOBAL NITROGEN CYCLE: SOURCES AND CONSEQUENCES[END_REF], with impacts observed in remote ecosystems [START_REF] Hastings | Anthropogenic Impacts on Nitrogen Isotopes of Ice-Core Nitrate[END_REF][START_REF] Holtgrieve | A Coherent Signature of Anthropogenic Nitrogen Deposition to Remote Watersheds of the Northern Hemisphere[END_REF][START_REF] Preunkert | A seasonally resolved alpine ice core record of nitrate: Comparison with anthropogenic inventories and estimation of preindustrial emissions of NO in Europe[END_REF]. High N loading to the environment has been documented for many ecosystems [START_REF] Aber | Nitrogen Saturation in Northern Forest Ecosystems[END_REF][START_REF] Clark | Nitrogen-induced terrestrial eutrophication: cascading effects and impacts on ecosystem services[END_REF][START_REF] Elser | Shifts in lake N:P stoichiometry and nutrient limitation driven by atmospheric nitrogen deposition[END_REF][START_REF] Matson | The Globalization of Nitrogen Deposition: Consequences for Terrestrial Ecosystems[END_REF]. To address this issue, global efforts are underway to alleviate N inputs into ecosystems, aiming at "minimizing the consequent harm to humans and the environment" (International Nitrogen Initiative, http://www.initrogen.org).

Nitrate concentrations, and fluxes in soils and streams have often been used to assess the N saturation status in watersheds [START_REF] Aber | Nitrogen Saturation in Northern Forest Ecosystems[END_REF][START_REF] Baron | Nitrogen fluxes in a high elevation Colorado Rocky Mountain basin[END_REF][START_REF] Lovett | A New Conceptual Model of Nitrogen Saturation Based on Experimental Nitrogen Addition to an Oak Forest[END_REF]. However, N exports in stream depend on multiple parameters such as basin topography [START_REF] Balestrini | Catchment features controlling nitrogen dynamics in running waters above the tree line (central Italian Alps)[END_REF][START_REF] Clow | Relations between basin characteristics and stream water chemistry in alpine/subalpine basins in Rocky Mountain National Park, Colorado[END_REF], land-cover [START_REF] Barnes | Thawing glacial and permafrost features contribute to nitrogen export from Green Lakes Valley, Colorado Front Range, USA[END_REF][START_REF] Williams | Effects of glaciers on nutrient concentrations and phytoplankton in lakes within the Northern Cascades Mountains (USA)[END_REF] and landmanagement [START_REF] Barnes | Land-use controls on sources and processing of nitrate in small watersheds: insights from dual isotopic analysis[END_REF][START_REF] Burns | Sources and Transformations of Nitrate from Streams Draining Varying Land Uses: Evidence from Dual Isotope Analysis[END_REF][START_REF] Lefebvre | 15n-Nitrate Signature in Low-Order Streams: Effects of Land Cover and Agricultural Practices[END_REF].

As streams integrate many processes at the watershed scale, understanding the specific sources of NO 3 -is important to (1) evaluate the respective contribution of biological and anthropogenic sources, (2) clarify the fate of deposited N in the environment, and (3) understand the origin and the development of N saturation.

Mountainous ecosystems are particularly sensitive to increased N inputs by atmospheric deposition [START_REF] Baron | Ecosystem Responses to Nitrogen Deposition in the Colorado Front Range[END_REF][START_REF] Baron | High Elevation Ecosystem Responses to Atmospheric Deposition of Nitrogen in the Colorado Rocky Mountains, USA[END_REF][START_REF] Baron | Empirical Critical Loads of Atmospheric Nitrogen Deposition for Nutrient Enrichment and Acidification of Sensitive US Lakes[END_REF], as they are historically Nlimited [START_REF] Kaye | Competition for nitrogen between plants and soil microorganisms[END_REF]. Critical loads for these ecosystems are among the lowest for pristine environments [START_REF] Baron | Empirical Critical Loads of Atmospheric Nitrogen Deposition for Nutrient Enrichment and Acidification of Sensitive US Lakes[END_REF][START_REF] Bowman | Nitrogen Critical Loads For Alpine Vegetation And Terrestrial Ecosystem Response: Are We There Yet?[END_REF][START_REF] Nanus | Spatial variation of atmospheric nitrogen deposition and critical loads for aquatic ecosystems in the Greater Yellowstone Area[END_REF], making them vulnerable to long-range transport of atmospheric N emitted from distant sources [START_REF] Mast | Links between N Deposition and Nitrate Export from a High-Elevation Watershed in the Colorado Front Range[END_REF][START_REF] Wasiuta | Summer deposition of sulfate and reactive nitrogen to two alpine valleys in the Canadian Rocky Mountains[END_REF]. Atmospheric deposition of N has been shown to contribute significantly, either directly or indirectly, to yearround NO 3 -exports from mountainous catchments [START_REF] Hundey | Agriculture causes nitrate fertilization of remote alpine lakes[END_REF][START_REF] Nanus | Evaluating Regional Patterns in Nitrate Sources to Watersheds in National Parks of the Rocky Mountains using Nitrate Isotopes[END_REF], typically showing a pulse at spring as soils subsurface NO 3 -reservoirs are flushed by snowmelt water [START_REF] Kendall | Tracing sources of nitrate in snowmelt runoff using the oxygen and nitrogen isotopic compositions of nitrate[END_REF][START_REF] Williams | Storage and release of solutes from a subalpine seasonal snowpack: soil and stream water response[END_REF][START_REF] Williams | Solute chemistry of snowmelt and runoff in an Alpine Basin, Sierra Nevada[END_REF].

Atmospheric deposition is also a major source of N to urban areas, which receive much higher loads than adjacent environments [START_REF] Bettez | Nitrogen Deposition in and near an Urban Ecosystem[END_REF][START_REF] Fang | Nitrogen deposition and forest nitrogen cycling along an urban-rural transect in southern China: FOREST N CYCLING IN SOUTHERN CHINA[END_REF][START_REF] Hall | Impacts of anthropogenic emissions and cold air pools on urban to montane gradients of snowpack ion concentrations in the Wasatch Mountains[END_REF][START_REF] Rao | Atmospheric nitrogen inputs and losses along an urbanization gradient from Boston to Harvard Forest[END_REF][START_REF] Templer | Atmospheric inputs and nitrogen saturation status in and adjacent to Class I wilderness areas of the northeastern US[END_REF]. Local and regional emissions and subsequent deposition of fuel-combustion derived NO x and ammonia (NH 3 ) are responsible for this pattern [START_REF] Galloway | Nitrogen Cycles: Past, Present, and Future[END_REF][START_REF] Kean | On-Road Measurement of Ammonia and Other Motor Vehicle Exhaust Emissions[END_REF]. NO x compounds are oxidized into NO 3 -within hours [START_REF] Beirle | Megacity Emissions and Lifetimes of Nitrogen Oxides Probed from Space[END_REF], then scavenged from the atmosphere by wet and dry deposition [START_REF] Hertel | Governing processes for reactive nitrogen compounds in the European atmosphere[END_REF]. In the atmosphere, NH 3 is in equilibrium with ammonium (NH 4 + ), the other primary component of bulk N deposition. Because of the particular topography of urban basins (extended impervious surface, rapid precipitation runoff), urbanization can lead to high NO 3 -exports in freshwater bodies [START_REF] Groffman | Nitrogen Fluxes and Retention in Urban Watershed Ecosystems[END_REF][START_REF] Riha | High Atmospheric Nitrate Inputs and Nitrogen Turnover in Semi-arid Urban Catchments[END_REF], with major ecological, economic and health consequences [START_REF] Dodds | Eutrophication of U.S. Freshwaters: Analysis of Potential Economic Damages[END_REF].

This study aims at evaluating how atmospheric deposition of N is reflected in NO 3 -exports in several streams along a montane to urban gradient in the French Alps. Isotopic (Δ 17 O, δ 15 N, δ 18 O of nitrate, δ 2 H and δ 18 O of water) and hydrochemical techniques were combined to evaluate the drivers of NO 3 -inputs and removal in all streams. The first hypothesis was that due to a higher contribution from other sources (e.g., sewage, fertilizers) in urban areas compared to the mountains, coupled with higher local atmospheric N inputs, total NO 3 -and atmospheric nitrate (NO 3 atm ) exports should increase along the gradient. The second hypothesis was that different NO 3 atm export dynamics should be observed in urban streams compare to montane streams, due to different hydrological drivers that need to be determined.

To test these hypotheses, (1) NO 3 -concentration and isotopic composition were determined in six streams and one lake, ranging from 2000m above sea level (a.s.l.)

to 200m (a.s.l.) in the French Alps, (2) the annual export fluxes of NO 3 atm and total NO 3 -were compared across sites along the gradient, (3) the hydrological drivers of the seasonal variability in NO 3 atm proportion were identified and (4) the additional sources of NO 3 -in each watershed were determined.

Methods

Study site and selected streams

The Romanche Valley, located in the central French Alps, spreads from the Lautaret pass (2058m a.s.l.) down to Grenoble (250m a.s.l.) (Figure S1a andb). The Grenoble conurbation counts around 500 000 inhabitants, and is the biggest alpine metropolis in France.

Six streams and one lake were sampled from the Lautaret pass to Grenoble, draining watersheds of increasing size and with distinct geomorphic and biogeographic characteristics (Table 1). Two alpine streams were sampled at ~2000m a.s.l.. These drain the South exposed side of the Lautaret pass (S-upper montane, n = 157) and the North exposed side (N-upper montane, n=93), where for the latter the stream is mainly fed by glacier melt (Figure S1c). The mid montane stream (n=67) was sampled at ~1600 m a.s.l., 6km down from the Lautaret pass (Figure S1c). All three streams are tributaries of Romanche (lower montane stream, n=127) that was sampled 15km down from the Lautaret pass at ~1000m a.s.l., before ending in Chambon lake (Figure S1d). The lake (~ 900m a.s.l., n=29) is an artificial reservoir managed by the French national electricity company (EDF), 21km down from the Lautaret pass. The two urban streams (~210 m a.s.l.) were located, for one, upstream from Grenoble main urbanized area (upper urban stream, n=48) and, for the other, downstream (lower urban stream, n=45), and were separated by 8km

(Figure S1e). The lower urban stream waters are derived from the lower montane stream (and the lake). The upper urban stream, Isère, has surface water from another alpine valley. The upper urban stream flows through residential areas, gardens, and some arable fields prior to the sampling location whereas the lower urban site abuts industrial developments as well as residential neighborhoods [START_REF] Dutordoir | Bilan des flux de métaux, carbone organique et nutriments contenus dans une rivière alpine: part des rejets urbains de l[END_REF].

Deposition and streams sampling, discharge and conductivity

Atmospheric wet and dry deposition samples were collected using a WADOS Kroneis collector (GmbH Austria) at the S-upper montane site from April 2016 to April 2017. A moving lidconnected to heated moisture sensorensured the separated collection by covering alternatively the dry funnel (under rain or snow conditions) and the wet funnel (the rest of the time). The deposition collector was installed on the roof of the Lautaret pass Alpine Research Station (~210 m a.s.l.), https://www.jardinalpindulautaret.fr) to reduce the impact of ground turbulence and input of soil particles. Samples were collected approximately every three weeks.

Precipitation samples were kept at 4°C during the sampling period, then frozen until further analysis. After exposure to the atmosphere, the dry deposition funnel was rinsed with 500 mL of MilliQ water, and the sample was stored at -20°C.

Stream and lake water was sampled at all sites according to the Niwot Ridge LTER protocol [START_REF] Williams | Solute chemistry of snowmelt and runoff in an Alpine Basin, Sierra Nevada[END_REF]. In short, samples (total n = 566) were collected manually in 1L Nalgene bottles, previously washed 3 times with MilliQ water (18.2 MΩ.cm -1 at 25°C) and rinsed three times with stream water before collection.

All samples were then kept at -20°C until further treatment. Water samples were collected on a weekly to monthly basis from January 2015 to December 2016, with increased sampling frequency in two of the upper tributaries from April to May 2016.

During this intensive sampling period, water was collected using three automatic water samplers (Teledyne ISCO ® 3700) every two or three hours at the S-upper and lower montane sites. Water conductivity, shown to be a good proxy of discharge [START_REF] Weijs | Could electrical conductivity replace water level in rating curves for alpine streams?: ELECTRICAL CONDUCTIVITY STREAMFLOW RATING CURVES[END_REF], and water temperature were also intensively monitored (2 minutes stepwise) over that period using CTD-Diver ® sensors. Spring sampling was sporadic in the N-upper montane site because of persistent snow cover. Winter sampling was not possible at the lake site as it was frozen.

Discharge data was obtained from the national discharge-monitoring network (Banque Hydro) or measured every hour for both lower montane and urban site.

Stream stage at the upper urban site was monitored every 30 minutes using water level gauge sensor (OTT ® ) at Grenoble Campus station (more details in [START_REF] Mano | Processus fondamentaux conditionnant les apports de sediments fins dans les retenues-Optimisation des methodes de mesure et modelisation statistique[END_REF][START_REF] Némery | Carbon and suspended sediment transport in an impounded alpine river (Isère, France)[END_REF]. Discharge was estimated from stage measurements by using rating curve (water level vs discharge) [START_REF] Némery | Carbon and suspended sediment transport in an impounded alpine river (Isère, France)[END_REF]. Continuous discharge could not be measured at the upper and mid montane sites due to the torturous nature of the streams. Precipitation data were obtained from the Alpine Mountain Meteorological Office Network (www.romma.fr) at the upper montane site and using a rain gauge (Précis Mécaniques ® ) on a building roof of the Grenoble Campus, close to the upper urban site.

Chemical and isotopic analysis

All stream and deposition samples were left to unfreeze at ambient temperature prior to being filtered using 0.45μm Whatman GD/X syringe filters linked to a peristaltic pump. They were subsequently analyzed for ion concentrations

([NH 4 + ], [NO 3 - ], [SO 4 2-
], [Cl -], [Ca 2+ ]) using a colorimetric technique (Gallery Plus, Thermo Fisher Scientific, Waltham, Massachusetts, USA). An analytical error <0.01 mg L -1 was determined for all ions based on the standard deviation of commercial control solutions (ThermoFisher ® ) analyzed as unknowns. Major ions such as sulfate and calcium and chloride are often used as hydro-chemical tracers of water flowpaths or water sources [START_REF] Briand | Approche multi-traceurs pour la détermination de l'origine des nitrates dans les eaux souterraines: exemple d'une source karstique dans les Landes[END_REF][START_REF] Devito | Nitrate dynamics in relation to lithology and hydrologic flow path in a river riparian zone[END_REF][START_REF] Hall | Stream Nitrogen Inputs Reflect Groundwater Across a Snowmelt-Dominated Montane to Urban Watershed[END_REF][START_REF] Stoewer | Tracing freshwater nitrate sources in prealpine groundwater catchments using environmental tracers[END_REF], and were measured to identify the dominating hydrological regimes in the studied sites.

All samples were concentrated on an anionic resin (0.6mL AG 1-X8 resin, Cl -form, Bio-Rad) with recovery efficiency over 98.5% [START_REF] Erbland | Contraintes isotopiques sur l'interprétation de l'enregistrement en nitrate dans la carotte de glace de Vostok[END_REF] and eluted with 10mL of a 1M NaCl solution for isotopic analysis [START_REF] Templer | Use of mixed ion exchange resin and the denitrifier method to determine isotopic values of nitrate in atmospheric deposition and canopy throughfall[END_REF].

Isotopic analyses of NO 3 -(Δ 17 O, δ 18 O and δ 15 N) were conducted on an MAT 253 IRMS using an adapted version of the denitrifier method [START_REF] Kaiser | Triple Oxygen Isotope Analysis of Nitrate Using the Denitrifier Method and Thermal Decomposition of N 2 O[END_REF][START_REF] Morin | Tracing the Origin and Fate of NOx in the Arctic Atmosphere Using Stable Isotopes in Nitrate[END_REF]. More details about the experimental setup can be found elsewhere (SI Text). The analytical errorscalculated as the standard deviation of the residuals from the linear regression between raw data of the reference standards (USGS 32, USGS 34 and USGS 35) and their accepted valueswere ± 0.4, 1.5 and 0.3‰ for 

Δ

NO 3 -sources apportionment

A number of previous studies have used the dual isotope approach (δ 18 O and δ 15 N of NO 3 -) to track the spatio-temporal variability of sources contribution to NO 3 pools in a large variety of environmental matrixes [START_REF] Campbell | Pathways for nitrate release from an alpine watershed: Determination using δ 15 N and δ 18 O: ALPINE WATERSHED NITRATE δ 15[END_REF][START_REF] Durka | Effects of forest decline on uptake and leaching of deposited nitrate determined from 15N and 18O measurements[END_REF][START_REF] Elliott | Dual nitrate isotopes in dry deposition: Utility for partitioning NO x source contributions to landscape nitrogen deposition[END_REF][START_REF] Yang | δ 15 N and δ 18 O Reveal the Sources of Nitrate-Nitrogen in Urban Residential Stormwater Runoff[END_REF]. Biochemical processes such as denitrification or assimilation have also been shown in laboratory experiments to distinguishably enrich residual NO 3 -in heavier isotopes, here 15 N and 18 O [START_REF] Granger | Coupled nitrogen and oxygen isotope fractionation of nitrate during assimilation by cultures of marine phytoplankton[END_REF][START_REF] Granger | N and O isotope effects during nitrate assimilation by unicellular prokaryotic and eukaryotic plankton cultures[END_REF][START_REF] Treibergs | Enzyme level N and O isotope effects of assimilatory and dissimilatory nitrate reduction: Enzyme level N and O isotope effects[END_REF], although this enrichment can be diluted by newly nitrified NO 3 -with low N and O isotopic values [START_REF] Granger | Isotopic overprinting of nitrification on denitrification as a ubiquitous and unifying feature of environmental nitrogen cycling[END_REF][START_REF] Mayer | Sources of nitrate in rivers draining sixteen watersheds in the northeastern US: Isotopic constraints[END_REF]. Environmental studies also reported characteristic NO 3 -isotopic enrichment for denitrification [START_REF] Clément | Isotopic investigation of denitrification in a riparian ecosystem in western France[END_REF][START_REF] Fang | Microbial denitrification dominates nitrate losses from forest ecosystems[END_REF][START_REF] Wexler | Isotopic signals of summer denitrification in a northern hardwood forested catchment[END_REF], assimilation [START_REF] Emmerton | Assimilation and Isotopic Fractionation of Nitrogen by Mycorrhizal and Nonmycorrhizal Subarctic Plants[END_REF][START_REF] Estrada | Stable isotopic composition of perchlorate and nitrate accumulated in plants: Hydroponic experiments and field data[END_REF][START_REF] Liu | Dual N and O isotopes of nitrate in natural plants: first insights into individual variability and organspecific patterns[END_REF] or photolysis [START_REF] Frey | Photolysis imprint in the nitrate stable isotope signal in snow and atmosphere of East Antarctica and implications for reactive nitrogen cycling[END_REF][START_REF] Shi | Investigation of post-depositional processing of nitrate in East Antarctic snow: isotopic constraints on photolytic loss, re-oxidation, and source inputs[END_REF][START_REF] Ye | Photolysis of Nitric Acid and Nitrate on Natural and Artificial Surfaces[END_REF].

However, the isotopic fingerprint of biological processes can lead to inaccurate NO 3 source apportionment in some cases, especially in delineating the respective contribution of the microbial and the atmospheric sources [START_REF] Michalski | Tracing Atmospheric Nitrate Deposition in a Complex Semiarid Ecosystem Using Δ17[END_REF][START_REF] Riha | High Atmospheric Nitrate Inputs and Nitrogen Turnover in Semi-arid Urban Catchments[END_REF]Rose et al., 2015a).

In the past few years, a growing number of studies have used an isotopic particularity of NO 3 atm to quantify the contribution of atmospheric deposition to terrestrial N pools [START_REF] Costa | Analysis of atmospheric inputs of nitrate to a temperate forest ecosystem from Δ 17 O isotope ratio measurements: ATMOSPHERIC NITRATE INPUTS TO A FOREST[END_REF][START_REF] Hundey | Agriculture causes nitrate fertilization of remote alpine lakes[END_REF][START_REF] Tsunogai | Quantifying the effects of clear-cutting and strip-cutting on nitrate dynamics in a forested watershed using triple oxygen isotopes as tracers[END_REF].

NO 3 atm is enriched in 17 O due to its production pathways (i.e., oxidation of NO x by O 3 ), showing a deviation from the Terrestrial Fractionation Line [START_REF] Thiemens | History and applications of mass-independent isotope effects[END_REF].

Δ 17 O is a quantification of this deviation, calculated as Δ 17 O = δ 17 O -0.52 * δ 18 O in the present work. Δ 17 O value of NO 3
atm generally ranges between 20 and 35‰ in temperate latitudes [START_REF] Morin | Comprehensive isotopic composition of atmospheric nitrate in the Atlantic Ocean boundary layer from 65°S to 79[END_REF][START_REF] Savarino | Nitrogen and oxygen isotopic constraints on the origin of atmospheric nitrate in coastal Antarctica[END_REF], whereas Δ 17 O value of NO 3 -from all other sources (industrial fertilizers, nitrification) or of biologically processed NO 3 atm , is 0‰ [START_REF] Michalski | Tracing Atmospheric Nitrate Deposition in a Complex Semiarid Ecosystem Using Δ17[END_REF][START_REF] Michalski | Oxygen and nitrogen isotopic composition of nitrate in commercial fertilizers, nitric acid, and reagent salts[END_REF]. In this study, these two distinct Δ 17 O values were used as end-members in a simple mixing model to quantify unprocessed NO 3 atm proportion (ƒ atm ) in streams, according to Michalski et al.

( 2004):

(Eq. 1)

ƒ atm = (Δ 17 O-NO 3 - sample / Δ 17 O-NO 3 - atm )
The atmospheric fraction (ƒ atm ) and the terrestrial fraction of NO 3 -(ƒ ter = 1ƒ atm ) can be used to remove the isotopic influence of NO 3 atm on samples, and allow for a better interpretation of biological processes that affect δ 15 N and δ 18 O [START_REF] Dejwakh | Using 17 O to Investigate Nitrate Sources and Sinks in a Semi-Arid Groundwater System[END_REF][START_REF] Michalski | Tracing Atmospheric Nitrate Deposition in a Complex Semiarid Ecosystem Using Δ17[END_REF][START_REF] Riha | High Atmospheric Nitrate Inputs and Nitrogen Turnover in Semi-arid Urban Catchments[END_REF][START_REF] Tsunogai | Tracing the fate of atmospheric nitrate deposited onto a forest ecosystem in Eastern Asia using Δ 17[END_REF]. δ 18 O vs δ 15 N plots have been intensively used to evaluate sources of N and potential processes (denitrification, assimilation) in the environment [START_REF] Burns | Sources and Transformations of Nitrate from Streams Draining Varying Land Uses: Evidence from Dual Isotope Analysis[END_REF][START_REF] Durka | Effects of forest decline on uptake and leaching of deposited nitrate determined from 15N and 18O measurements[END_REF][START_REF] Griffiths | Dual nitrate isotopes clarify the role of biological processing and hydrologic flow paths on nitrogen cycling in subtropical low-gradient watersheds: N CYCLING IN LOW-RELIEF WATERSHEDS[END_REF][START_REF] Kendall | Tracing sources of nitrate in snowmelt runoff using the oxygen and nitrogen isotopic compositions of nitrate[END_REF][START_REF] Liu | Dual N and O isotopes of nitrate in natural plants: first insights into individual variability and organspecific patterns[END_REF].

However, because of strongly distinct δ (Eq.4)

F m = Q m * [NO 3 - ] i
Total specific annual stream loads of NO 3 -(F tot in kg-N ha -1 yr -1 ) were calculated as the annual sum of weekly NO 3 -exports during the study period (2015 and 2016), as follows:

(Eq.5) 

F

Statistical analysis

A Mann-Whitney test was applied to surface water data to determine whether mean concentrations and isotopic values were significantly different between streams. A Spearman test was applied to evaluate the correlation between stream water parameters (typically Δ 17 O, δ 18 O, δ 15 N and ion concentrations). Differences and correlations were considered significant when the p value was ≤0.05. All statistical analyses were conducted using R software (v3.2.3). Unless specified otherwise, the uncertainty accompanying the mean values is the standard deviation.

Results

Precipitation and discharge

Cumulated precipitation was 537 and 609mm in 2015 and 804 and 740mm in 2016 at the upper montane and the urban sites, respectively. Discharge at the lower montane site reflects a snowmelt influenced hydrological regime. It peaked up to 30 m 3 s -1 in spring, and was significantly higher from April to October compared to the rest of the year. Discharge at both urban sites was consistent with a hydrological regime driven by snowmelt in spring-summer (main maximum), and rainfall in autumn (secondary maximum), a dual contribution similar to what was obtained in the Colorado Front Range [START_REF] Cowie | Sources of streamflow along a headwater catchment elevational gradient[END_REF]. At the upper urban site, discharge peaked at 900 m 3 s -1 , whereas maximum discharge was 300 m 3 s -1 at the lower urban site, a difference due to the streams draining two distinct watersheds (Figure S3).

Comparison of dissolved solutes across sites

Solutes concentration varied by up to 3 orders of magnitude among precipitation and streams samples (Table S2 and Figure 1). ] and [Ca 2+ ] (98.5 ± 39.5 and 44.5 ± 18.2 mg L -1 , respectively), followed by the upper urban stream (74.1 ± 26.9 and 35.2 ± 13.1 mg L - 1 , respectively), and the lowest concentrations were measured at the N-upper montane site (22.1 ± 35.9 and 16.5 ± 16.0 mg L -1 , respectively). [Cl -] was very low in precipitation samples and in most montane streams (mean values all < 3 mg L -1 ), respectively. Higher annual mean [Cl -] were measured in the urban streams (4.7 ± 1.8 and 16.6 ± 12.3 mg L -1 for the upper and lower urban stream, respectively).

Isotopic composition of NO 3 -in precipitation and streams

Mean annual NO 3 atm isotopic values (Table S1) were non-significantly higher in dry deposition than in wet deposition (significant only for δ 15 N-NO 3 -), a pattern widely monitored at temperate latitudes [START_REF] Beyn | Changes in atmospheric nitrate deposition in Germany -An isotopic perspective[END_REF][START_REF] Freyer | Seasonal variation of 15N/14N ratios in atmospheric nitrate species[END_REF][START_REF] Mara | Isotopic composition of nitrate in wet and dry atmospheric deposition on Crete in the eastern Mediterranean Sea: ISOTOPIC COMPOSITION OF NITRATE IN DEPOSITION[END_REF]. Mean and associated standard deviation of Δ 17 O-NO 3 -in precipitation and dry deposition were 26.4 ± 3.2 and 24.7 ± 3.5 ‰, respectively. These values are in the same range as previously reported data for Δ 17 O-NO 3 atm [START_REF] Costa | Analysis of atmospheric inputs of nitrate to a temperate forest ecosystem from Δ 17 O isotope ratio measurements: ATMOSPHERIC NITRATE INPUTS TO A FOREST[END_REF][START_REF] Michalski | Tracing Atmospheric Nitrate Deposition in a Complex Semiarid Ecosystem Using Δ17[END_REF][START_REF] Tsunogai | Tracing the fate of atmospheric nitrate deposited onto a forest ecosystem in Eastern Asia using Δ 17[END_REF][START_REF] Tsunogai | Accurate and precise quantification of atmospheric nitrate in streams draining land of various uses by using triple oxygen isotopes as tracers[END_REF]. The mean Δ 17 O value for total deposition was 25.6 ± 3.3 ‰, and was used to quantify the atmospheric component of NO 3 -pools in streams (see section 2.4, Eq. 1). Mean annual total δ 18 O-NO 3 atm (70.8 ± 7.2 ‰) and δ 15 N-NO 3 atm (-4.8 ± 5.9 ‰) are also consistent with a reservoir of exclusively NO 3 atm [START_REF] Kendall | Tracing anthropogenic inputs of nitrogen to ecosystems[END_REF], and these values were used to correct samples from their atmospheric δ 18 O and δ 15 N components (see section 2.4, Eq.2 and 3).

Significantly higher annual mean Δ 17 O-NO 3 -was measured in montane streams compared to urban streams, with the exception of the mid montane site (1.0 ± 0.7 ‰), which exhibited the lowest values (Figure 2a). Both upper and lower urban, along with the mid montane streams were also characterized by the highest annual mean δ 15 N-NO 3 -(3.7 ± 1.0 ‰, 4.9 ± 5.6 ‰ and 4.0 ± 2.0 ‰, respectively) (Figure 2c).

The lake, fueled by the lower montane stream, presented the highest annual mean mg L -1 range in other Alpine valleys (reviewed in [START_REF] Balestrini | Catchment features controlling nitrogen dynamics in running waters above the tree line (central Italian Alps)[END_REF], and the 0.9-1.5 mg L -1 range in elevated sites of the Colorado Front Range [START_REF] Baron | Nitrogen fluxes in a high elevation Colorado Rocky Mountain basin[END_REF][START_REF] Campbell | Nitrogen deposition and release in alpine watersheds[END_REF]. The N-upper montane site had a much wider [NO 3 -] range than the S-upper montane site, which is attributed to glacier melt influence [START_REF] Barnes | Thawing glacial and permafrost features contribute to nitrogen export from Green Lakes Valley, Colorado Front Range, USA[END_REF][START_REF] Williams | Nitrate content and potential microbial signature of rock glacier outflow, Colorado Front Range[END_REF]. [NO 3 -] in urban streams was low when compared to other concentrations measured in urban settings, such as the Tucson basin where values up to 62 mg L -1 were determined [START_REF] Dejwakh | Using 17 O to Investigate Nitrate Sources and Sinks in a Semi-Arid Groundwater System[END_REF] or up to 26 mg L -1 in the Gwynns Falls watershed [START_REF] Groffman | Nitrogen Fluxes and Retention in Urban Watershed Ecosystems[END_REF].

NO 3

atm contribution to total NO 3 -Atmospheric deposition contributed significantly more to NO 3 -pool in streams at the montane sites relative to the urban sitesexception being the mid montane site (Figure 2). The Chambon lake showed the highest ƒ atm , although it is possible that sampling of this reservoir exclusively in summer resulted in a biased estimate of mean annual NO 3 atm . High NO 3 atm inputs in montane streams (up to 47%) clearly outline the influence of the melting snowpack releasing its load of atmospheric nitrate (see section 4.2.1), as widely reported elsewhere [START_REF] Kendall | Tracing sources of nitrate in snowmelt runoff using the oxygen and nitrogen isotopic compositions of nitrate[END_REF][START_REF] Ohte | Tracing sources of nitrate in snowmelt runoff using a high-resolution isotopic technique: TRACING SOURCES OF NITRATE IN SNOWMELT RUNOFF[END_REF][START_REF] Pellerin | Taking the pulse of snowmelt: in situ sensors reveal seasonal, event and diurnal patterns of nitrate and dissolved organic matter variability in an upland forest stream[END_REF][START_REF] Tsunogai | Quantifying the effects of clear-cutting and strip-cutting on nitrate dynamics in a forested watershed using triple oxygen isotopes as tracers[END_REF][START_REF] Tsunogai | Accurate and precise quantification of atmospheric nitrate in streams draining land of various uses by using triple oxygen isotopes as tracers[END_REF]. The mid montane stream exported the lowest proportion of NO 3 atm . Smoother topography gradient on this watershed (slopes are 17%, Table 1) can account for this by impeding direct runoff to stream during hydrological extremes (e.g., snowmelt), thus exerting a strong control over NO 3 -isotopic values in the stream [START_REF] Balestrini | Catchment features controlling nitrogen dynamics in running waters above the tree line (central Italian Alps)[END_REF][START_REF] Clow | Relations between basin characteristics and stream water chemistry in alpine/subalpine basins in Rocky Mountain National Park, Colorado[END_REF]. In addition, a smoother topography gradient also drives a higher NO 3 atm residence time in soils that would overwrite its Δ 17 O signature when recycled by microorganisms. The low ƒ atm in urban streams is dissimilar to others results that have shown an increasing ƒ atm in streams along an urbanization gradient [START_REF] Riha | High Atmospheric Nitrate Inputs and Nitrogen Turnover in Semi-arid Urban Catchments[END_REF], or high NO 3 atm inputs in urban runoff [START_REF] Yang | δ 15 N and δ 18 O Reveal the Sources of Nitrate-Nitrogen in Urban Residential Stormwater Runoff[END_REF]. In urban areas, the combination of more impervious surface area coupled to higher atmospheric deposition inputs is a strong driver that was expected to promote a higher proportion of NO 3 atm in urban streams, relative to montane sites. Indeed, NO 3 -atmospheric concentrations in Grenoble's urban area are 10 to 100 times higher than atmospheric concentrations observed at the Lautaret pass [START_REF] Bourgeois | Atmospheric nitrate deposition on subalpine meadows of the Lautaret pass[END_REF][START_REF] Tomaz | Sources and atmospheric chemistry of oxy-and nitro-PAHs in the ambient air of Grenoble (France)[END_REF], which should have promoted higher NO 3 atm loads in urban streams. However, higher total NO 3 atm loads are calculated at the lower montane site where NO 3 atm represented 21% of the total annual NO 3 -exports (Table 2).

Elevated N deposition in the Alpsalso illustrated by higher [NO 3 -] in wet and dry deposition compared to streams (Table S2)is a well-documented phenomenon [START_REF] Kirchner | Nitrogen deposition along differently exposed slopes in the Bavarian Alps[END_REF][START_REF] Rogora | An Overview of Atmospheric Deposition Chemistry over the Alps: Present Status and Long-term Trends[END_REF]. Sustained nitrogen deposition in addition to the steep slopes of the lower montane watershed (Table 1) can account for the higher total NO 3 atm flux at the montane site. Grenoble conurbation land cover is mainly constituted of forest and lower vegetation (64%) followed by agricultural fields (24%), and impervious surfaces (10%) are only a minor surface occupation (UE-SOeS, CORINE Land Cover, 2006). NO 3 atm inputs are thus likely to move to multiple sinks, be biologically recycled or lost via different processes (e.g., denitrification, photolysis [START_REF] Clément | Isotopic investigation of denitrification in a riparian ecosystem in western France[END_REF][START_REF] Ye | Photolysis of Nitric Acid and Nitrate on Natural and Artificial Surfaces[END_REF]) before being collected by the urban streams [START_REF] Rao | Atmospheric nitrogen inputs and losses along an urbanization gradient from Boston to Harvard Forest[END_REF]. Furthermore, a strong decoupling between atmospheric N deposition and urban soils N cycling has recently been proposed, pointing at a distinct urban biogeochemical N cyclethat entails that land-management practice, not N deposition, is the ultimate driver of N cyclingand that would need further investigation [START_REF] Decina | Variability, drivers, and effects of atmospheric nitrogen inputs across an urban area: Emerging patterns among human activities, the atmosphere, and soils[END_REF]. Additionally, in France urban rainwater and domestic wastewater are traditionally collected in the same pipe system before being purified in a sewage treatment plant downstream of the cities. This would also limit ] than its southern counterpart by 1 order of magnitude (Figure 1). This is a consequence of the permafrost thawing at that site [START_REF] Bodin | Two decades of responses (1986-2006) to climate by the Laurichard rock glacier, French Alps[END_REF], thus increasing nitrification and/or mobilization of stored N from disturbed soils [START_REF] Barnes | Thawing glacial and permafrost features contribute to nitrogen export from Green Lakes Valley, Colorado Front Range, USA[END_REF][START_REF] Hood | Riverine organic matter and nutrients in southeast Alaska affected by glacial coverage[END_REF][START_REF] Louiseize | Stable isotopic evidence of enhanced export of microbially derived $${\text{NO}}_{3}^{ -}$$ NO 3 -following active layer slope disturbance in the Canadian High Arctic[END_REF]. Occasional higher ƒ atm at the N-upper site are triggered by rainstorm events (Figure S3). The lower montane stream and the lake had very similar seasonal variations of Δ 17 O-NO 3 -, featuring the gradual melting of upstream snowpack throughout the growing season (May to October). The mid montane and the urban streams showed no marked seasonal variation, because of the buffering effect of soils and the higher N cycling rates inherent to more intensive land management treatments that prevented NO 3 atm inputs to streams (Table 1). draining a less erodible bedrock, see Table 1 and Figure 1). In this study, year-round detectable Δ 17 O-NO 3 -translate the continuous NO 3 atm exports in all streams (Figure 3), even during baseflow when streams are mostly fueled by groundwater. Most studies focusing on NO 3 -dynamics in runoff reported NO 3 atm only during stormflow or snowmelt periods [START_REF] Burns | Sources and Transformations of Nitrate from Streams Draining Varying Land Uses: Evidence from Dual Isotope Analysis[END_REF][START_REF] Campbell | Pathways for nitrate release from an alpine watershed: Determination using δ 15 N and δ 18 O: ALPINE WATERSHED NITRATE δ 15[END_REF][START_REF] Pellerin | Taking the pulse of snowmelt: in situ sensors reveal seasonal, event and diurnal patterns of nitrate and dissolved organic matter variability in an upland forest stream[END_REF].

However, these studies used the dual isotope approach (i.e., δ 18 O and δ 15 N of NO 3 -), which does not account accurately for NO 3 atm in streams compared to the Δ 17 O tracer [START_REF] Michalski | Tracing Atmospheric Nitrate Deposition in a Complex Semiarid Ecosystem Using Δ17[END_REF]Rose et al., 2015a). In a growing body of work using

Δ 17 O-NO 3 -in streams, NO 3
atm presence during baseflow is a unifying feature (Rose et al., 2015a;[START_REF] Sabo | Episodic, seasonal, and annual export of atmospheric and microbial nitrate from a temperate forest: MICROBIAL AND ATMOSPHERIC NITRATE EXPORT[END_REF][START_REF] Tsunogai | Accurate and precise quantification of atmospheric nitrate in streams draining land of various uses by using triple oxygen isotopes as tracers[END_REF]. In all these studies, ƒ atm ranged from 1-12% in baseflow, except for a coniferous watershed in West Virginia, which led to ƒ atm of 54% in stream, due to low sampling resolution (n=4). Here, ƒ atm ranged from 1-20% (with a median associated error of 3%, Figure S2) in all streams during the dormant season (in grey, Figure 3), somewhat higher than the literature data rangebecause of the extended influence of snowmelt in mountainous sites during the growing season. The high Δ 17 O-NO 3 -peaks at the S-upper montane site in March 2015 are due to a shorter winter this year.

However, even if groundwater contributed at all sites to streams water, its influence on streams ionic exports had most impact in the urban reaches. No or near static correlations between either NO 3 -isotopes or conservative ions and discharge (Figure 4) imply that a geochemically equilibrated groundwater reservoir dominates stream exports at the urban sites, instead of surface runoff [START_REF] Hall | Stream Nitrogen Inputs Reflect Groundwater Across a Snowmelt-Dominated Montane to Urban Watershed[END_REF].

Oppositely, Δ 17 O-NO 3 -increased significantly with discharge at the lower montane site, highlighting the influence of snowmelt on NO 3 atm exports (Figure 4a).

Decreasing weathering products concentrations with high flow also evidence the decreasing contribution of groundwater towards more surficial water at snowmelt (Figure 4d andf). No significant correlation of [NO 3 -] with discharge in any stream implies a homogenized NO 3 -pool in groundwater reservoirs by infiltrated snowmelt inputs. In line with this hypothesis, a dual isotope plot of water illustrates that snowmelt more than rain fueled the streams, even down to the outskirts of Grenoble (Figure S5). Other studies also reported similar findings of underground reservoirs fed by snowmelt in mountains vicinity [START_REF] Brooks | Natural variability in N export from headwater catchments: snow cover controls on ecosystem N retention[END_REF][START_REF] Hall | Stream Nitrogen Inputs Reflect Groundwater Across a Snowmelt-Dominated Montane to Urban Watershed[END_REF][START_REF] Williams | Storage and release of solutes from a subalpine seasonal snowpack: soil and stream water response[END_REF].

A focus on snowmelt period in montane streams

The intensive sampling campaign in spring 2016 at the S-upper montane and the lower montane sites provided no evidence of diurnal pattern for any solutes in the streams (data not shown). However, Δ 17 O-NO 3 -did follow a diurnal pattern at the S-upper montane site, a pattern not seen in the lower montane stream (Figure S6a).

Conductivity (at both sites) and discharge (lower montane site only) showed very pronounced diurnal variations, highlighting the hydrological influence of snowmelt during the day (Figure S6b andc), also consistent with previous studies in the same location [START_REF] Mano | Assessment of suspended sediment transport in four alpine watersheds (France): influence of the climatic regime[END_REF]. At the lower montane site, discharge and conductivity were negatively correlated (Figure 5d), as their diurnal variations were driven by distinct hydrological regime (i.e., baseflow for conductivity, snowmelt for discharge).

That conductivity is controlled by baseflow is also supported by significant positive correlations between weathering solutes and conductivity at the S-upper montane site (Figure 5c). Therefore, assuming a similar relationship between conductivity and discharge is true at the S-upper montane stream, and considering that conductivity and Δ 17 O-NO 3 -were also negatively correlated (Figure 5a), snowmelt-induced discharge in daytime is certainly the driver of the diurnal variations of NO 3 atm exports.

Oppositely to another study showing in stream diurnal [NO 3 -] variations at snowmelt in northern Vermont [START_REF] Pellerin | Taking the pulse of snowmelt: in situ sensors reveal seasonal, event and diurnal patterns of nitrate and dissolved organic matter variability in an upland forest stream[END_REF], no significant temporal trend in any of the two streams was observed here. Yet, the lower montane stream was only on the rising limb of discharge when sampled, at the very beginning of the snowmelt period.

Therefore, the absence of observed diurnal cycle at this site at this time may not be representative of day-night variations later in the season. (Figure 6). This is in line with watersheds land cover consisting principally in natural or semi-natural vegetation (Table 1), where NO 3 -fertilizers are rarely used. NO 3 -with overlapping δ 15 N ranges [START_REF] Kendall | Tracing anthropogenic inputs of nitrogen to ecosystems[END_REF]. However, a fraction of samples, mostly from montane streams, had δ 15 N-NO 3 ter lower than 0‰, consistent with nitrification of NH 4 + atm [START_REF] Kendall | Tracing anthropogenic inputs of nitrogen to ecosystems[END_REF]T. Liu et al., 2013).

Isotopic composition of NO

Biological removal of NO 3 -was not predominant in any stream

Weak negative correlations between δ 18 O-NO 3 -and δ 15 N-NO 3 -at all sites, exception made of the lower urban site, indicate that biological processes such as denitrification or assimilation do not control NO 3 -cycling in streams. Indeed, such processes, if dominant, should enrich residual δ 18 O-NO 3 -and δ 15 N-NO 3 -along a positively correlated line [START_REF] Granger | Nitrogen and oxygen isotope fractionation during dissimilatory nitrate reduction by denitrifying bacteria[END_REF][START_REF] Granger | N and O isotope effects during nitrate assimilation by unicellular prokaryotic and eukaryotic plankton cultures[END_REF][START_REF] Kendall | Tracing anthropogenic inputs of nitrogen to ecosystems[END_REF], in a similar fashion to what is observed at the lower urban site. Yet, that δ 15 N-NO 3 -was significantly correlated to [Cl -] in this stream (data not shown) rather proves that the high δ 15 N-NO 3 -values are due to interception of sewage-originated wastewater [START_REF] Hall | Stream Nitrogen Inputs Reflect Groundwater Across a Snowmelt-Dominated Montane to Urban Watershed[END_REF]. Decreasing δ 15 N-NO 3 -and [Cl -] with discharge (Figure 4b and e) at this specific site also supports a groundwater origin of these nitrate pollution episodes. ter values as low as -20‰ were obtained after removing the atmospheric imprint (Figure 6 and Figure S7). The mean δ 18 O-NO 3 ter ranged between -6.3 and -8.0‰ in the mountainous streams, significantly lower than previously reported values of terrestrial δ 18 O-NO 3 -in freshwater systems (from -2.9 to -4.2‰ in [START_REF] Tsunogai | Accurate and precise quantification of atmospheric nitrate in streams draining land of various uses by using triple oxygen isotopes as tracers[END_REF][START_REF] Tsunogai | Quantifying the effects of clear-cutting and strip-cutting on nitrate dynamics in a forested watershed using triple oxygen isotopes as tracers[END_REF][START_REF] Tsunogai | Tracing the fate of atmospheric nitrate deposited onto a forest ecosystem in Eastern Asia using Δ 17[END_REF]) or produced through in vitro incubation experiments (> 0‰ in [START_REF] Burns | Analysis of δ15N and δ18O to differentiate NO3-sources in runoff at two watersheds in the Catskill Mountains of New York[END_REF], [START_REF] Mayer | The oxygen isotope composition of nitrate generated by nitrification in acid forest floors[END_REF] and [START_REF] Spoelstra | The isotopic composition of nitrate produced from nitrification in a hardwood forest floor[END_REF]).The mean δ 18 O-NO 3 ter range between -2.6 and -2.8‰ in the urban streams, far lower than values > 9‰ inferred in other urban areas [START_REF] Riha | High Atmospheric Nitrate Inputs and Nitrogen Turnover in Semi-arid Urban Catchments[END_REF] or mostly positive values in a semiarid urban setting [START_REF] Dejwakh | Using 17 O to Investigate Nitrate Sources and Sinks in a Semi-Arid Groundwater System[END_REF].

The theoretical range for δ 18 [START_REF] Kendall | Tracing anthropogenic inputs of nitrogen to ecosystems[END_REF].

Here, a subset of 5 snow-water samples and 2 rain samples were analyzed for δ 18 O, with respective mean values of -16.6 and -8.2‰. Soil-water isotopes were not directly measured, but assimilated to precipitation water isotopes. Assuming δ 18 O values of air-O 2 of 23.88‰ [START_REF] Barkan | High precision measurements of 17O/16O and 18O/16O ratios in H2O. Rapid[END_REF], we ended up with δ 18 O-NO 3 -= -3.3‰ (if the end-member is snow water) and +2.3‰ (if the end-member is rain water) for NO 3 nit . Even though this approach comes with a number of assumptions and caveats (Rose et al., 2015b;[START_REF] Snider | Stable Oxygen Isotope Ratios of Nitrate Produced from Nitrification: 18O-Labeled Water Incubations of Agricultural and Temperate Forest Soils[END_REF], the calculated values are significantly higher by ca 4‰than the mean annual δ 18 O-NO 3 ter (Table 3). In a study focusing on an estuarine system in San Francisco Bay, it was postulated that rapid recycling of NO 3 under low [NO 3 -] conditions (<0.9 mg L -1 ) could result in an increased incorporation of H 2 O-O atoms into the NO 3 -molecule [START_REF] Wankel | Nitrogen sources and cycling in the San Francisco Bay Estuary: A nitrate dual isotopic composition approach[END_REF]. Another work focusing on nitrification in forests soils of central Japan attributed low δ 18 O-NO 3 -to a combination of O atoms exchange between H 2 O and NO 2 -and kinetic isotope fractionation associated with oxygen incorporation throughout the nitrification process in acidic soils [START_REF] Fang | Low δ 18 O Values of Nitrate Produced from Nitrification in Temperate Forest Soils[END_REF]. The latter hypothesis could explain the generally acidic subalpine soils characterized by slow N cycling [START_REF] Robson | Neglect of mowing and manuring leads to slower nitrogen cycling in subalpine grasslands[END_REF], but further investigation is warranted to understand the cause of 18 O depleted NO 3 -.

When calculating ƒ atm using the approach described by [START_REF] Barnes | Dual isotope analyses indicate efficient processing of atmospheric nitrate by forested watersheds in the northeastern US[END_REF]:

(Eq.7)

ƒ atm = (δ 18 O sample -δ 18 O nit ) / (δ 18 O atm -δ 18 O nit )
and by using either δ 18 O-NO 3 ter or δ 18 O-NO 3 nit as nitrification end-member, significant differences between the estimated ƒ atm are obtained (Table 3). These findings suggest that atmospheric NO 3 -inputs to an ecosystem are underestimated (e.g., up to 6% in this study, Table 3) when calculated using Eq.7 with δ 18 O-NO 3 nit as nitrification end-member.

Conclusions

The results showing higher NO 3 atm exports in a montane stream relative to urban streams have several key implications. First, it sheds light on the contribution of snowmelt-derived groundwater to year-round NO 3 atm exports in all streams at baseflow. Contamination of groundwater by NO 3 atm may be a widespread phenomenon, regardless of emitting sources proximity: other studies also reported ubiquitous presence of NO 3 atm in groundwater [START_REF] Dejwakh | Using 17 O to Investigate Nitrate Sources and Sinks in a Semi-Arid Groundwater System[END_REF][START_REF] Dietzel | <sup>17</sup>O excess traces atmospheric nitrate in paleo-groundwater of the Saharan desert[END_REF][START_REF] Nakagawa | Tracing atmospheric nitrate in groundwater using triple oxygen isotopes: evaluation based on bottled drinking water[END_REF][START_REF] Stoewer | Tracing freshwater nitrate sources in prealpine groundwater catchments using environmental tracers[END_REF]. Second, hydrological events (e.g., snowmelt) are the main controls of upland NO 3 atm exports, whereas a chemically equilibrated groundwater reservoir dominates discharge in urban streams.

In a context of climate change, with temporally shorter and shallower snow coverage of altitude catchments, decreasing exports of NO 3 atm by snowmelt water could result in proportional NO 3 atm enrichment of alpine soils. However, how this would correlate with elsewhere reported snow cover removal effects on microbial communities, N retention, plants biomass and soil respiration is a complex question yet to be addressed [START_REF] Brooks | Carbon and Nitrogen Cycling in Snow-Covered Environments[END_REF][START_REF] Gavazov | Winter ecology of a subalpine grassland: Effects of snow removal on soil respiration, microbial structure and function[END_REF][START_REF] Sorensen | Reduced snow cover alters root-microbe interactions and decreases nitrification rates in a northern hardwood forest[END_REF][START_REF] Vankoughnett | Combined Effects of Soil Freezing and N Addition on Losses and Interception of N Over Winter and Summer[END_REF]. Third, the association of Δ 1 Characteristics of the Romanche Valley and Isere watersheds along the montane to urban gradient + in beige and fertilizers NO 3 -in violet [START_REF] Kendall | Tracing anthropogenic inputs of nitrogen to ecosystems[END_REF]. Linear regressions were plotted only when significant. The blue diamond reflects the isotopic composition of NO 3 atm as measured in this study. Point colors denote sites as indicated in legend. Table 3 The second column gives the mean annual δ 18 O-NO 3 -(‰) measured in streams. The third column shows the mean annual δ 18 O-NO 3 ter (‰) after samples isotopic composition was corrected for the atmospheric imprint (see Methods), and the corresponding proportion of NO 3 atm when using the corrected value as microbial end-member. Fourth column presents the calculated theoretical δ 18 O-NO 3 nit when using the approach detailed in section 4.3, and the corresponding proportion of NO 3 atm when using this theoretical value as microbial end-member. Superscript letters indicate significant differences in the proportion of NO 3 atm inferred by both methods (p < 0.05).

  ƒ atm can lead to scatter in a dual-isotope plot. Removing the atmospheric δ 15 N and δ18 O components from environmental samples leads to an easier assessment of biological processes, such as assimilation or denitrification. This isotope correction was applied on the samples using the isotopic mass balances from Riha et al. (2014): (Eq.2) δ 18 O ter = (δ 18 O sample -δ 18 O atm * ƒ atm ) / ƒ ter (Eq.3) δ 15 N ter = (δ 15 N sample -δ 15 N atm * ƒ atm ) / ƒ ter δ 15 N atm and δ 18 O atm were inferred from NO 3 -in wet and dry atmospheric deposition (see section 3.2). A formal propagation of uncertainty was performed to assess the error associated with individual values of ƒ atm , δ 18 O-NO 3 ter and δ 15 N-NO 3 ter . Although the error associated with individual values can be large (Figure S2), averaging across samples throughout the year results in a robust estimate of annual ƒ atm , δ 18 OF m in kg-N w -1 ) were calculated at each sitewhen possibleon a weekly basis using the mean weekly discharge (Q m in m 3 s -1 ) and instantaneous concentrations ([NO 3 -] i in mg-N L -1 ), as follows:

  tot = / (watershed area) Finally, total annual NO 3 atm loads (F atm ) were calculated for each year by multiplying the total annual stream yield of NO 3 -(F tot ) by the discharge-weighted annual mean ƒ atm in the stream (see Eq. 1), according to Tsunogai et al. (2014, 2010): (Eq. 6) F atm = F tot * ƒ atm When [NO 3 -] or Δ 17 O values were not available for a given date (n=4, 2 and 2 for the lower montane, upper urban and lower urban streams, respectively), they were replaced by the mean [NO 3 -] or Δ 17 O-NO 3 -values measured on the previous and the following dates, to capture temporal variations due to hydrological events. Note that the use of instantaneous [NO 3 -] to calculate weekly streams NO 3 -loads might over or under estimate the real NO 3 -yield in streams.

  in both dry and wet deposition at the S-upper montane site, and mostly (>90%) under the detection limit (<0.02 mg L -1 ) in all streams. [NO 3 -] was significantly higher in rain samples compared to stream samples. The highest annual mean [NO 3 -] was measured in the lower urban stream (1.4 ± 0.5 mg L -1 ) and the lowest in the S-upper montane stream (0.2 ± 0.2 mg L -1 ). [NO 3 -] at the N-upper montane, mid montane, lower montane and upper urban sites were not statistically different (1.4 ± 1.3, 1.1 ± 0.6, 1.0 ± 0.6 and 1.1 ± 0.4 mg L -1 , respectively). [SO 4 2-] and [Ca 2+ ] were both very low in precipitation relative to streams. The S-upper montane stream exhibited the highest annual mean [SO 4 2-

Δ

  17 O-NO 3 -(5.1 ± 1.8 ‰) and δ18 O-NO 3 -(8.6 ± 6.2 ‰), and the lowest δ 15 N-NO 3 -(-0.2 ± 2.4 ‰) (Figure2a, b and c). It must be stressed out again that the lake was only sampled when unfrozen (i.e., late spring, summer and autumn), potentially biasing NO 3 -mean isotopic values at this site.3.4 Trends in isotope compositionof NO 3 -across sites Seasonal variations of stream NO 3 -isotopes and corresponding ƒ atm are shown in Figure 3. The three montane streams followed a similar pattern of seasonal variations in 2015 and 2016. At the S-upper montane site, Δ 17 O-NO 3 -and δ 15 N-NO 3 were significantly negatively correlated, with brief but high Δ 17 O-NO 3 -peaks in spring, followed by a slow but continuous increase peaking late summer/beginning of autumn. At the N-upper site, a saw tooth pattern in summer and autumn occurred right after a small but temporally wider increase at snowmelt, in early summer. Δ 17 O-NO 3 -and δ 15 N-NO 3 -in the mid montane stream presented little variations throughout the seasons, apart from a raise in δ 15 N-NO 3 -in spring/summer 2016. Δ 17 O-NO 3 -and δ 15 N-NO 3 -were significantly negatively correlated in the lower montane stream and in the lake, with significantly higher Δ 17 O-NO 3 -from April to Octoberrelative to the rest of the yearin a very similar way to discharge (Figure S3). Finally, Δ 17 O-NO 3 and δ 15 N-NO 3 -were not correlated and did not vary much in urban streams, except for some occasional high δ 15 N peaks in spring and winter 2015 at the lower urban site. higher contribution from anthropogenic activities to streams N pool closer to urbanized areas[START_REF] Groffman | Nitrogen Fluxes and Retention in Urban Watershed Ecosystems[END_REF][START_REF] Tsunogai | Accurate and precise quantification of atmospheric nitrate in streams draining land of various uses by using triple oxygen isotopes as tracers[END_REF]the montane sites is consistent with the 0.6-1.6

--

  direct rainwater runoff to the streams, as illustrated by the statistically similar [NO 3 -] in urban streams compared to montane streams (Figure1). One, or a combination of several of these factors would lower NO 3 atm exports in urban streams, even lower than montane streams NO 3 atm exports in this case. Therefore, the low ƒ atm in urban streams certainly reflects the recycling and replacement of NO 3 atm exports at the montane sites reflected the influence of hydrologic and topographic features of the basins, and are thoroughly discussed elsewhere[START_REF] Bourgeois | Atmospheric nitrate deposition on subalpine meadows of the Lautaret pass[END_REF]. The S-upper montane site exports are governed by quick runoff to streams in the early stages of spring, followed by a diffuse resurgence of infiltrated snowmelt water in summer and autumn. The period between these two event lasts about 5 months both in 2015 and in 2016, an indicator of either the water transit time in the calcareous substrate of the watershed or of the aquifer refill time before flushing to the stream. The N-upper montane stream is fueled by glacier melt, leading to higher [NO 3 -
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 22 Groundwater and surface runoff respective influence NO 3 atm proportion in streams Significant correlations between rock-derived solutes (SO 4 2-and Ca 2+ ) in all streams (Figure S4) indicate groundwater contribution to streams as a unifying feature along the montane to urban gradient. Varying concentrations of rock-derived solutes are in good agreement with the geologic characteristics of each watershed (i.e., highest concentrations in the S-upper montane and the upper urban streams draining calcareous basins, lowest concentrations in the N-upper montane stream

Figure 6 .

 6 Figure 6. This allows the evaluation of the respective contribution of terrestrial

  4.3.3 Low δ 18 O-NO 3 ter calls for a more systematic use of the Δ 17 O tracer δ 18 O-NO 3

  17 O, δ 15 N and δ18 O is a potent tool to unravel the respective atmospheric and terrestrial sources contribution to NO 3 -pools. To correct the δ 18 O-NO 3 -from its atmospheric composition enables the determination of the δ 18 O-NO 3 ter , which came significantly lower at all sites than the theoretically calculated δ 18 O-NO 3 nit . This resulted in significantly higher estimated ƒ atm when using a more robust δ 18 O-NO 3 ter (compared to δ 18 O-NO 3 nit ) as nitrification end-member in Eq.7. Studies that did not use δ 18 O-NO 3 ter in Eq.7 to determine ƒ atm may have underestimated atmospheric nitrate inputs to the environment (e.g., Barnes et al. (2008), Durka et al. (1994), Griffiths et al. (2016), Pellerin et al. (2012), Sebestyen et al. (2014)). It is recommended that more work be conducted using the triple isotope technique to revise the assessment of NO 3 atm ubiquity in the environment.

Figure 1

 1 Figure 1 Two years solute concentrations in streams, with a) [NO 3 -] (mg L -1 ), b) [SO 4 2-] (mg L -1 ), c) [Cl -] (mg L -1 ) and d) [Ca 2+ ] (mg L -1 ). Different letters denote significant differences in NO 3 -isotopic composition across sites. (e.g., a site with ab letters is significantly different from sites with letters from c onwards, but not significantly different from sites with a or b letters).

Figure 2

 2 Figure 2 Two years isotopic composition of NO 3 -in streams, with a) Δ 17 O (‰) (and corresponding ƒ atm (%) on the red y-axis), b) δ 18 O (‰) and c) δ 15 N (‰). Different letters denote significant differences in NO 3 -isotopic composition among sites (e.g., a site with ab letters is significantly different from sites with letters from c onwards, but not significantly different from sites with a or b letters).

Figure 3 Table 2 -

 32 Figure 3 Seasonal variations of Δ 17 O-NO 3 -and δ 15 N-NO 3 -(‰) in streams. Point colors denote isotopes as indicated in legend. Range of corresponding ƒ atm (%) is indicated on the secondary y-axis. on the red y-axis). Highlighted in grey is the dormant season (October-April). Note the different y-axes scales across the different panels.

Figure 4

 4 Figure 4Relationships of nitrate isotopes and solutes concentration with discharge at three sites along the montane to urban gradient. Linear correlations were plotted only if significant. Note the differences in the y-axis scales among the panels, and the specific x-axis for discharge at the lower montane site (in green). Point colors denote sites as indicated in legend.

Figure 5

 5 Figure 5 Relationships of NO 3 -isotopes, solute concentration and discharge with conductivity during snowmelt (April 8 to April 24 in 2016) at the S-upper montane (in red) and the lower montane (in green) sites. Linear regressions were plotted only if significant. Full or open circles feature either a) different NO 3 -isotopes or b) and c) different solute concentrations.

Figure 6

 6 Figure 6 Dual isotopes plot (δ 18 O vs δ 15 N) illustrating the mixing between distinct sources of NO 3 ter (non-atmospheric) in streams. All isotopic values were obtained by the Δ 17 O transform of NO 3 -collected at all sites (see Methods). The colored boxes represent the reported range for NO 3 -terrestrial sources, featuring atmospheric ammonium (NH 4 + atm ) in grey, mineralized ammonium (NH 4 + org ) in turquoise, manure or sewage derived NH 4+ in beige and fertilizers NO 3 -in violet[START_REF] Kendall | Tracing anthropogenic inputs of nitrogen to ecosystems[END_REF]. Linear regressions were plotted only when significant. The blue diamond reflects the isotopic composition of NO 3
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Appendix A

The supplementary information provides additional Text on the analytical methods, Figures S1-S7 and Tables S1-S2.