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Swales are recognized as traditional basic open-drainage systems which are obviously capable to remove stormwater-borne pollutants. In spite of the numerous case studies on their performances, an overall assessment of swale efficiency to reduce pollutant discharge as well as an evaluation of the factors that could influence it are rare. In order to gain a better understanding of these aspects, a database was designed by collecting performance results and design characteristics from various swales reported in the literature. Investigations on correlations amongst pollutant efficiency ratios (ERs) indicated that total trace metals (copper (Cu), zinc (Zn), cadmium (Cd) and lead (Pb)), total suspended solids (TSS), total phosphorus (TP) and total kjeldahl nitrogen (TKN) exhibited many cross-correlated ERs, thus suggesting that they are mainly removed by the same processes in swales. Higher ERs were generally related to pollutants in particulate form, suggested that sedimentation and filtration should be considered as major processes involved in pollutant removal within swales. Furthermore, major discrepancies amongst swale performances may be attributed to variations of site mean inflow concentrations, found as the most recurrent factor influencing ER. Conversely, swale design factors were rather poorly correlated with ER, except swale length, positively correlated with TP and copper.

Introduction

A growing trend in stormwater management to cope with urbanisation harmful effects on both stormwater runoff quality and quantity consists in implementing at subcatchement scale techniques that reduce runoff discharges and improve stormwater quality [START_REF] Ahiablame | Effectiveness of Low Impact Development Practices: Literature Review and Suggestions for Future Research[END_REF][START_REF] Hamel | Source-control stormwater management for mitigating the impacts of urbanisation on baseflow: A review[END_REF][START_REF] Petrucci | Do stormwater source control policies deliver the right hydrologic outcomes?[END_REF][START_REF] Sage | Stormwater Management Criteria for On-Site Pollution Control: A Comparative Assessment of International Practices[END_REF]. Such techniques materialize implementation of new operational philosophies aiming to manage stormwater in a more sustainable, aesthetical and social way than conventional pipe elements [START_REF] Mitchell | Applying Integrated Urban Water Management Concepts: A Review of Australian Experience[END_REF]); these innovative devices are gathered under specific terminologies as low impact development (LID), water sensitive urban drainage (WSUD), sustainable urban drainage systems (SUDs), best management practices (BMPs) and alternative techniques (ATs) [START_REF] Fletcher | SUDS, LID, BMPs, WSUD and more -The evolution and application of terminology surrounding urban drainage[END_REF].

Among these new approaches, swales are traditional basic open-drainage systems initially designed to mitigate peak flows arising from impervious areas such as roads or parking lots (Wang et al. 1980;[START_REF] Clar | Stormwater Best Management Practice Design Guide Volume 2 Vegetative Biofilters[END_REF]. As an integral element of new stormwater management philosophies [START_REF] Ahiablame | Effectiveness of Low Impact Development Practices: Literature Review and Suggestions for Future Research[END_REF], implementation of swales attracted renewed interest for (i) mimic a site's predevelopment hydrology and (ii) purify stormwater through removing stormwater-borne pollutants at an affordable cost [START_REF] Dierkes | Next generation water sensitive storm water management techniques[END_REF][START_REF] Revitt | Review of the Use of Stormwater BMPs in Europe[END_REF]Caltrans 2004;[START_REF] Lucke | Pollutant Removal and Hydraulic Reduction Performance of Field Grassed Swales during Runoff Simulation Experiments[END_REF][START_REF] Ballard | The SuDS manual[END_REF]. In order to support swale development, several stormwater management handbooks provide methods to efficiently design these drainage infrastructures (Melbourne Water 2006;Credit Valley Conservation and the Toronto and Region Conservation Authority 2010; [START_REF] Gromaire | Outils de bonne gestion des eaux de ruissellement en zones urbaines[END_REF]; Washington State Department of Ecology 2014; Center for Watershed Protection 2015; Woods [START_REF] Ballard | The SuDS manual[END_REF]. In terms of design, these manuals generally discriminate three or four types of swales:

(1) standard swales, (2) wet swales, (3) dry swales and (4) bioswales [START_REF] Ballard | The SuDS manual[END_REF]. Standard swales may refer to natural grassed depressions or to graded grassed channels.

Dry swales can either refer to swales with a sandy soil meaning that they drained inter-event (Winston et al. 2012b) or to infrastructures provided with an engineered media to promote better infiltration and filtration of pollution load [START_REF] Revitt | Assessing the impact of swales on receiving water quality[END_REF]. Wet swales gathered facilities where wetland conditions dominated such as ponded water, soil moisture close to the saturation (e.g., swales build on soil with high water table) and emergent vegetation (Winston et al. 2012a). Bioswales incorporate biofiltration swales, biofilters and bioretention swales or swaletrench systems; this type of swale employs an engineered filter soil media below vegetal cover that may overlay an underdrain or be lined with an impervious material to prevent any groundwater contamination by controlling seepage flows (Toronto and Region Conservation Authority 2008).

Technically, hydraulic processes of swale contribute to reduce both magnitude and volume of flows before potentially being discharged into either downstream drainage elements, such as inlet of sewers or other LID techniques (e.g., wet or dry pond), or grasslands [START_REF] Lloyd | Assessment of Pollutant Removal in a Newly Constructed Bio-retention System[END_REF][START_REF] Roinas | Fate and Behavior of Pollutants in a Vegetated Pond System for Road Runoff: Pollutants in Vegetated Ponds[END_REF][START_REF] Allen | Multiple rainfall event pollution transport by sustainable drainage systems: the fate of fine sediment pollution[END_REF][START_REF] Xiao | Performance of Two Bioswales on Urban Runoff Management[END_REF]. While stormwater flowing through the swale, a wide range of stormwater anthropogenic substances are candidate to be sequestered within the facility. The main corresponded contaminants referred to organic or inorganic substances and are of diverse nature: (i) Total Suspended Solids (TSS) which may sorbed to both hydrocarbons (especially Polycyclic Aromatic Hydrocarbons (PAHs)) and trace metals [START_REF] Lau | Metals and PAHs adsorbed to street particles[END_REF][START_REF] Kim | Event-based size distributions of particulate matter transported during urban rainfall-runoff events[END_REF], (ii) nutrients involving both nitrogen and phosphorus species [START_REF] Ingvertsen | A Minimum Data Set of Water Quality Parameters to Assess and Compare Treatment Efficiency of Stormwater Facilities[END_REF]) and (iii) trace metals (e.g., lead (Pb), zinc (Zn), copper (Cu), cadmium (Cd), chromium (Cr), nickel (Ni)) [START_REF] Kayhanian | Review of highway runoff characteristics: Comparative analysis and universal implications[END_REF].

Distinct treatment processes related to swale hydraulics are involved in the stormwater pollutant removal. On the one hand, stormwater transport over gentle slope area as the swale bed promotes trapping of contaminants in particulate form through sedimentation and vegetal filtration [START_REF] Deletic | Sediment behaviour in grass filter strips[END_REF][START_REF] Purvis | Evaluating the Water Quality Benefits of a Bioswale in Brunswick County, North Carolina (NC), USA[END_REF]. On the other hand, subsurface flows within swale materials are involved in the implementation of retention, degradation and transport mechanisms of pollutants in soil [START_REF] Lefevre | Review of dissolved pollutants in urban storm water and their removal and fate in bioretention cells[END_REF][START_REF] Tedoldi | Impact of runoff infiltration on contaminant accumulation and transport in the soil/filter media of Sustainable Urban Drainage Systems: A literature review[END_REF]. Since attenuation of runoff flow is in favor of a pollutant removal, hydraulics driving factors affecting the hydraulic residence time (HRT) may be addressed as influent variables for pollutant removal in swales [START_REF] Yu | Field Test of Grassed-Swale Performance in Removing Runoff Pollution[END_REF][START_REF] Johnson | Metals removal technologies for stormwater[END_REF]. In this particular regard, a few case studies have examined the effects of swale geometry, swale materials and swale vegetal cover on pollutant removal [START_REF] Yousef | Removal of Highway Contaminants By Roadside Swales[END_REF][START_REF] Bäckström | Sediment transport in grassed swales during simulated runoff events[END_REF][START_REF] Roseen | Seasonal performance variations for storm-water management systems in cold climate conditions[END_REF][START_REF] Stagge | Performance of grass swales for improving water quality from highway runoff[END_REF]Winston et al. 2012a;[START_REF] Lucke | Pollutant Removal and Hydraulic Reduction Performance of Field Grassed Swales during Runoff Simulation Experiments[END_REF][START_REF] Powell | Evaluating the Hydrologic and Water Quality Benefits Associated with Retroffiting Vegetated Swales with Check Dams[END_REF]Leroy et al. 2016b). Results of these studies suggested that several design variables could be important to pollutant removal, such as swale length, centerline slope [START_REF] Yu | Field Test of Grassed-Swale Performance in Removing Runoff Pollution[END_REF], presence of check dams [START_REF] Stagge | Performance of grass swales for improving water quality from highway runoff[END_REF], vegetation [START_REF] Mazer | Limitations to vegetation establishment and growth in biofiltration swales[END_REF]) and type of swale (Winston et al. 2012a).

The performance of swales for improving water quality may be expressed in two distinct terms [START_REF] Fassman | Stormwater BMP treatment performance variability for sediment and heavy metals[END_REF]): (i) percent removals, which are directly calculated from raw data as concentrations or loads and (ii) characterization of outflows, including either a comparison with inflows or an analysis of the distribution of the data (e.g., probability plot). Among these methods, efficiency ratio (ER) is a ratio between mean pollutant input and output [START_REF] Roseen | Seasonal performance variations for storm-water management systems in cold climate conditions[END_REF] and could be considered to a long term average percent removal rate for each constituent analysed [START_REF] Urbonas | Parameters to report with BMP monitoring data[END_REF]. Using a single concentration reduces scatter in the data caused by influent quality heterogeneity, so giving ER results in a more stable estimation of overall treatment performance rather than adopting mean or median removal efficiencies based on a storm-by-storm basis [START_REF] Roseen | Seasonal performance variations for storm-water management systems in cold climate conditions[END_REF]. In that way, this descriptor could be useful to evaluate the potential of treatment for such devices [START_REF] Fassman | Stormwater BMP treatment performance variability for sediment and heavy metals[END_REF], as well as identify the factors of influence on their ability to remove pollutants.

The exact nature of factors influencing ERs by swales remains to be fully characterized.

To gain insight about this point, the present study was designed to investigate relationships between ERs and factors concerning swale design and runoff quality. For this purpose, we have established an original swale database by collecting performance results and design features from various distinct swales characterized in the literature. Potential relationships between ERs were studied to credit the supremacy of specific removal processes in stormwater treatment within swales. Additional statistical analyses were performed to investigate the influence of certain design criteria and inflow concentration on swale efficiency.

Materials and methods

Overview of the method used for collecting and analyzing data

The methodology used to collect and analyze data is summarized through a diagram (Figure 1). This conceptual scheme gathered four steps together, presented below; (1) raw data collection,

(2) data filtration to feed the final data set, (3) data range representations and (4) statistical approaches to analyze the data.

Data collection

To produce a database containing indicative information about pollutant removal in swales, a literature search was conducted using standard research database (e.g., Web of Science, ScienceDirect, Google Scholar). For this purpose, we used keywords related to swale type (e.g., 'swale', 'grassed swale', 'dry swale', 'wet swale', 'bioswale', 'bioretention swale'), pollution removal (e.g., 'swale pollutant removal', 'swale performances' and so on) and swale inputs (e.g., 'swale stormwater'). In addition to peer-reviewed journal papers, reports, technical notes, proceedings, master thesis and Ph.D dissertations were considered. This online search comprises studies conducted up to May 2018. The produced data set has been filtered again to exclude studies either with (i) weak number of monitoring events (i.e., n < 3) or (ii) several locations of outflow (i.e., two distinct outlets to discharge surface and subsurface outflows) or (iii) median values without access to raw data. On this last point, mean as an estimator was chosen because more studies provided their results through this parameter.

All appropriate studies used one of the three sampling designs that are often considered: flow interval, time-interval, and random grab sampling [START_REF] Leecaster | Assessment of efficient sampling designs for urban stormwater monitoring[END_REF]. On this point, continuous auto-sampling using time-weighted or flow-weighted methods is often considered the most robust for creating a mixed sample of a part of the complete runoff, which gives direct access to the event mean concentration (EMC) [START_REF] Lee | Design of stormwater monitoring programs[END_REF]. Although mixing grab samples does not necessarily provide access to EMC, studies using this sampling method were also included in the database. Among the selected studies, ER was used by the authors as the reference metric to assess swale performance; it can be defined mathematically as: ER = 1average EMCOutlet/average EMCInlet [START_REF] Roseen | Seasonal performance variations for storm-water management systems in cold climate conditions[END_REF]). ERs were either set for in the screened documents or calculated from concentrations for the purpose of this study.

It is worth mentioning that one document can discuss about several swales; the largest contributor document fed the database with six swales. The whole selection process finally yielded 59 swales fulfilling the aforementioned criteria, against 103 swales at the beginning of the filtration process. One important step was to ensure that each swale was only considered once, although it might have been described in distinct documents. Exceptions to this rule have been taken for either discontinuous monitoring program involving the same swale or swale design modifications (e.g., length divided by 2, retrofitting swale with check dams).

Following the database constitution, an identification number (ID) has been imputed to each swale in order to facilitate its referencing. The generic characteristics of the swales used for this study, such as the site name, the location (country) and the land use (i.e., catchment specifications), are summarized in Table S1. This table includes data about the facility scale which has three levels of details: (i) field-scale swale refers to a monitoring facility which is already in operation (i.e., not designed by the investigators), (ii) technical field-scale swale means that the facility or the contributing area have been designed or retrofitted by researchers and implemented on the field for the purpose of the study and (iii) technical-scale swale defines a facility which has been designed and implemented in a pilot system, e.g., a test bed system [START_REF] Hood | Assessment of Biosorption Activated Media Under Roadside Swales for the Removal of Phosphorus from Stormwater[END_REF] or any other type of device structures [START_REF] Bäckström | Sediment transport in grassed swales during simulated runoff events[END_REF][START_REF] Li | A unified look at phosphorus treatment using bioretention[END_REF][START_REF] Nara | Sediment Transport in Grass Swales[END_REF]. Furthermore, the water supply of swales is also considered as a parameter, since runoff could be generated by a storm event or a simulated event.

Other relevant factors including the surface of the drainage catchment, the ratio area and the type of swale are also informed in Table S1. When not reported, the swale area and the ratio area were determined by multiplying the swale top or average width by its length and by divided the swale area by the drainage area, respectively. To determine the type of swales, four categories were selected: standard swale, dry swale, wet swale and bioswale. All facilities called 'swale', 'grass swale', 'grassy swale', 'grassed swale', 'planted swale', 'vegetated roadside swale', 'grassy median' were indexed as standard swales. Swales described as wet or dry swales are indexed as such, as well as sandy soil swale monitored by [START_REF] Hood | Assessment of Biosorption Activated Media Under Roadside Swales for the Removal of Phosphorus from Stormwater[END_REF] indexed as 'dry swale' considering its good capacity of drainage (sandy soil). Remaining facilities were indexed as bioswales; this is the case for 'bioswale', 'biofiltration swale', 'bioretention swale', 'infiltration swale-trench' and 'stone-lined swale'.

Swale geometry involving swale length, top or average width, bottom width, crosssection shape, centerline slope, side slopes and swale area was schematically represented in Figure S1. Information about the design of each swale included in the database is available in Table S2. Moreover, inlet and outlet mean concentrations, as well as ERs and design considerations are gathered together for each pollutant in Table S3 to Table S13 (See Supplementary content).

Data analysis

The efficiency of swales to treat stormwater was evaluated through ERs. In order to evaluate the effective capacity of swale to remove a specific pollutant, data were examined through box and whisker plots to show the shape of the distribution, the central value, and its variability.

Censored or range values were not reported in the graphical representations.

In addition, the quality of incoming runoff and apparently important design variables, such as length, ratio area, centerline slope and side slope, have been selected to potentially reveal correlations with ERs. Because of the non-normal distribution of most parameters, nonparametric statistical approaches were subsequently used in this study, following the example of Huber and Helmreich (2016).

Correlations between pollutant ERs were conducted using the Spearman's ρ correlation.

Each coefficient obtained from this analysis measures the strength and direction of a monotonic relationship between two paired data [START_REF] Pavlineri | Constructed Floating Wetlands: A review of research, design, operation and management aspects, and data meta-analysis[END_REF]. Hence, for correlated data, degree of correlation was analyzed through ρ interpretation as a small ρ value (≤ 0.39) means a weak correlation, a medium ρ value (0.40 ≤ ρ ≤ 0.59) means a medium correlation and a high ρ value (≥ 0.60) expresses a strong correlation (Huber and Helmreich 2016). Similarly, exploration regarding potential relationships between ERs and selected factors was performed using the Spearman method. The relationships between the relevant factors, i.e., whether they are or not independent, were subsequently examined using Spearman tests. All statistical calculations were performed using the Graph Pad Prism Software. An alpha p value of 0.05 was used for all statistical tests to reach significance.

Results

Database elements and swale design parameters

The overall characteristics of the swale database are summarized in Table 1. Seventy-five percents of the facilities are from the USA. Standard swales and bioswales each accounted for about half of the whole dataset. The majority of swales were both implemented on the field (68%) and supplied with natural storm events (93%). In terms of contributive area specifications, roadside swales are the most prevalent facilities in the database (64%), far before parking lot swales (27 %) and suburban/urban residential swales (9%). This partly explained that swales in the database were predominantly fed by direct diffuse runoff (61% of the dataset), since roadside swales or parking lot swales widely received lateral inflow from the edge of pavement (Figure S1 c). Pollutant removal processes occurring in the soil of swales are less considered in the studies, as the surface waters were mainly sampled (78%).

Furthermore, the database shows variability concerning the nature of analyzed pollutants; classification of pollutants according to the number of collected data is the following: TSS > total phosphorus (TP) > zinc > Total Nitrogen (TN), copper > lead. Although TSS is nearly ubiquitous in the database (98%), data available for dissolved nutrients (nitrate and nitrite (NOx - -N) and nitrate (NO3-N)) are more limited (32%). Some geometrical aspects of swale design, such as the structurally interrelated parameters length, swale area and ratio area, exhibit rather important dispersions, as demonstrated by boxplot representation of the data (Figure 2) and determination of basic descriptive statistical parameters (Table S2). In the case of swale length for example, its distribution displayed a central value of 51.5 m encase by a wide extend between 4 m and 1055 m (Figure 2), with a coefficient variation of 152 % (Table S2). Ratio area varies between 0.1 and 192%; its median (20%) is however at the upper boundary or slightly higher than the recommended intervals (e.g., 5-10% or 5-20%) which can be found in technical manuals [START_REF] Beenen | Lessons from ten years storm water infiltration in the Dutch Delta[END_REF]Credit Valley Conservation and the Toronto and Region Conservation Authority 2010). Conversely, coefficient variations for side slopes and top and bottom widths (about 60 -100 %), were smaller than for those for length and swale area (Table S2). This is likely due either to the narrow intervals which are suggested in the manuals to prevent erosion (for slopes) or to the visual definition of swales -a shallow ditch (for width).

Regarding cross-section shape, results show most of the swales were either triangular ( 16swales) or trapezoidal (24 swales) (Table S2); this again may reflect the content of design handbooks where trapezoidal shape is spotlighting for its traditional good hydraulic performance and longer operation life (Woods [START_REF] Ballard | The SuDS manual[END_REF]. 

Most of the

As presented in

Table 1 and Table S2, grassed swales prevailed over planted swales and constituted at least 75% of the dataset. Among grassed swales, grass mixtures contribute to almost half of the vegetal covers (Table S2). It is noticeable that planted swales quasi exclusively referred to either wet swales or bioswales (Table S2).

Pollutant removal in swales

The distribution patterns of ERs for pollutants are presented in Figure 3. Among pollutants, proportions of positive ERs emphasized important variations. Thus, for TSS, TKN, nitrate, and trace metals such as lead, zinc, copper and cadmium, ERs were positive for at least 70% of the involved swales. By contrast, 40 to 74% of the swales did not reduce NOx --N, TN, TP and dissolved phosphorus (DP). Therefore, pollutants in particulate form (trace metals and TKN) seem to be mainly retained in swales. In agreement with this conclusion, ER for TSS was found to be rather strongly positively correlated (ρ≥0.60) with those for TKN, copper and cadmium (Table 2); it was additionally correlated to those for TP, TN, lead and zinc, but in a more moderate manner (ρ<0.60). NOx --N, NO3-N and DP were the only pollutants not correlated to TSS (Table 2). Significant Spearman correlations were found between ERs for the nitrogen species TN and TKN and ER for TP (Table 2). ER for TN was logically strongly positively correlated to ERs for other N-related parameters such as TKN, NOx --N and NO3-N (ρ≥0.60); it is additionally strongly correlated with ERs for the trace metals lead, zinc and copper (Table 2). ER for TP was correlated to those for DP and copper (Table 2). Other significant positive correlations for ERs were found for TKN with zinc, copper and cadmium, and for NO3-N with zinc (Table 2). Finally, ERs for the trace metals lead, zinc, copper and cadmium were strongly correlated between them (Table 2). A schematic graphical representation of significant correlations between ERs for pollutants is shown in Figure 4. It clearly illustrates the fact that TSS, TKN and the trace metals zinc and copper were the pollutants exhibiting the higher number of significant correlations with ERs of other pollutants.

Factors involved in swale efficiency

Implication of various factors, i.e., inflow pollutant concentrations and various swale design characteristics, in swale efficiency was studied through analyzing correlations between these factors and pollutant ERs. As shown in Table 3, pollutant inflow concentrations were found to be significantly and positively correlated with ERs for all the pollutants, except for NO3-N, lead and cadmium. Swale length was correlated with ERs for TP, TN, NOx --N, zinc and copper.

Additionally, centerline slope was correlated with ERs for NOx --N and lead, and side slope with ER for TN (Table 3). No pollutant ER was correlated with the ratio area. To determine whether swale design parameters found to be correlated with pollutants ER may be linked to inflow concentrations, additional Spearman correlations were performed (Table 4). As indicated in Table 4, pollutant inflow concentrations were significantly correlated to swale length for TN and NOx --N; pollutant inflow concentration was also correlated to swale side slope for TN. A trend to correlation was also observed for zinc inflow concentration and swale length (p=0.0599), and NOx --N inflow concentration and swale centerline slope (p=0.0820). Only copper and TP inflows were not correlated at all to swale length (Table 4), thus suggesting that length may constitute robust inflow-independent parameters implicated in copper and TP removal by swales.

Discussion

The original database designed for this study provides representative information on the variability of swale performances through a data compilation from geographically and climatically diverse sources. Although three quarters of its studies were from the USA, our database was more extensive than the International Stormwater BMP Database (ISBD, [START_REF] Clary | International Stormwater BMP database: 2016 Summary statistics. Water Environment & Reuse Foundation Credit Valley Conservation, the Toronto and Region Conservation Authority (2010) Low Impact Development Stormwater Management Planning and Design Guide[END_REF])) which quasi exclusively contains swale case studies from the USA. Furthermore, our database compiled very diverse information in terms of swale design, installation or maintenance, as well as sites exposed to contrast levels of runoff pollution and hydrological conditions. All these aspects have enabled us not only to assess swale efficiency in removing pollutants but also to investigate from a variety of data some selected factors that could influence it.

The greatest swale efficiencies were observed in pollutants which tend to attach to solid particles, i.e., TSS, total trace metals and nutrients including a particular form. These results were in accordance with previous findings from the ISBD; for example [START_REF] Barrett | Comparison of BMP Performance Using the International BMP Database[END_REF] has shown median concentration attenuation of 60%, 60% and 62% for TSS, zinc and copper, respectively. In addition, median ERs of trace metals fluctuate between 60% and 75% in our database, so close to the recurring removal threshold of 75% mentioned by Leroy et al. (2016b).

Concerning effluent quality at surface outlet, TSS, TP, TN, TKN and trace metals are effectively removed in swales via physical mechanisms such as sedimentation and vegetal filtration [START_REF] Stagge | Performance of grass swales for improving water quality from highway runoff[END_REF][START_REF] Boger | Effectiveness of Roadside Vegetated Filter Strips and Swales at Treating Roadway Runoff: A Tutorial Review[END_REF], which are likely to be the main treatment processes occurring as water flows within the facility [START_REF] Deletic | Sediment behaviour in grass filter strips[END_REF][START_REF] Bäckström | Sediment transport in grassed swales during simulated runoff events[END_REF][START_REF] Deletic | Performance of grass filters used for stormwater treatment-a field and modelling study[END_REF]. Additionally, positive correlations observed between ERs of trace metals and TSS could firstly be explained through their physical speciation in runoff, that means pollutants fully or partially bound to particles [START_REF] Djukić | Further insight into the mechanism of heavy metals partitioning in stormwater runoff[END_REF], and subsequently may emphasize the importance of efficient suspended solids removal, through settling or filtration, in mitigating trace metal concentrations in swales [START_REF] Stagge | Performance of grass swales for improving water quality from highway runoff[END_REF].

Further exploration on the removal hierarchy of particular pollutants need to be examine through their occurrence and partitioning in urban runoff. Concerning removal of trace metals in the present study, the grading established from median ERs and interquartile ranges (IQR) followed the order: zinc > lead -cadmium > copper. This classification is slightly distinct from other swale studies where copper may be ranked either ahead of zinc (Leroy et al. 2016b) or lead and cadmium [START_REF] Stagge | Performance of grass swales for improving water quality from highway runoff[END_REF][START_REF] Revitt | Assessing the impact of swales on receiving water quality[END_REF]. From previous studies, lead should be mostly in the particulate phase [START_REF] Legret | Evaluation of pollutant loadings in the runoff waters from a major rural highway[END_REF][START_REF] Ingvertsen | A Minimum Data Set of Water Quality Parameters to Assess and Compare Treatment Efficiency of Stormwater Facilities[END_REF][START_REF] Kayhanian | Trend and concentrations of legacy lead (Pb) in highway runoff[END_REF]) whereas cadmium could be freer or associated with dissolved solids [START_REF] Makepeace | Urban stormwater quality: Summary of contaminant data[END_REF], as well as zinc and copper may have the highest dissolved concentrations in urban runoff [START_REF] Garnaud | Characterisation of urban runoff pollution in Paris[END_REF][START_REF] Mosley | Partitioning of metals (Fe, Pb, Cu, Zn) in urban run-off from the Kaikorai Valley, Dunedin, New Zealand[END_REF]Huber et al. 2016). Additionally, copper is known to be mostly attached to organic particles and colloids in the form of complexes smaller than 0.45 µm [START_REF] Bäckström | Transport of stormwater pollutants through a roadside grassed swale[END_REF]. Since swales could preferentially remove larger particles than about 20 µm [START_REF] Bäckström | Transport of stormwater pollutants through a roadside grassed swale[END_REF][START_REF] Deletic | Performance of grass filters used for stormwater treatment-a field and modelling study[END_REF][START_REF] Nara | Sediment Transport in Grass Swales[END_REF][START_REF] Lucke | Pollutant Removal and Hydraulic Reduction Performance of Field Grassed Swales during Runoff Simulation Experiments[END_REF], this may explain why copper was removed in swales to a lesser degree than other metals. Conversely, possible explanation for the greatest removal shown by zinc could be its prevalence in urban runoff [START_REF] Kayhanian | Review of highway runoff characteristics: Comparative analysis and universal implications[END_REF][START_REF] Stagge | Performance of grass swales for improving water quality from highway runoff[END_REF]Huber et al. 2016). At first sight, degrees of correlations between ERs of trace metals and TSS are a bit surprising because deviate from the aforementioned traditional observations. Unlike weak correlation with TSS involved lead, copper and cadmium were strongly associated with suspended solids. These dissimilarities might be partly explained by the variability of particle size distributions (PSD) of water samples that likely populate the dataset used in this study [START_REF] Ingvertsen | A Minimum Data Set of Water Quality Parameters to Assess and Compare Treatment Efficiency of Stormwater Facilities[END_REF][START_REF] Kayhanian | Review of highway runoff characteristics: Comparative analysis and universal implications[END_REF]). Considering the fine particle fraction often carries the largest load of particle-associated pollutant [START_REF] Sansalone | Partitioning and First Flush of Metals in Urban Roadway Storm Water[END_REF][START_REF] Lau | Metals and PAHs adsorbed to street particles[END_REF], a predominance of small particles (e.g., < 63 µm) in stormwater inflow makes their removal by sedimentation difficult. Another possible explanation for weak correlation between ERs of lead and TSS could be that the distribution of lead inflow concentration in the database is mainly dominated by lower concentration than that of copper, which could lead to lower efficiency ratios (Winston et al. 2012a). This, however, is considered a very conservative assumption because correlation results assign to cadmium ER the strongest relationship with TSS, despite extremely low inflow concentrations (< 3 µg/L).

Removal of nutrients in swales requires also to be discussed through their speciation.

Regarding phosphorus, [START_REF] Morquecho | Pollutant associations with particulates in stormwater[END_REF] found that TP could be highly removed from stormwater through retaining particles taller than 20 µm so its attenuation in swales may mainly drive by sedimentation [START_REF] Boger | Effectiveness of Roadside Vegetated Filter Strips and Swales at Treating Roadway Runoff: A Tutorial Review[END_REF]. This expectation tends to be confirmed by two results of our database, (i) the significant correlation between ERs of TP and TSS and (ii) the wide extent of TP ERs. Large fluctuations of TP removal has been reported in other studies [START_REF] Mazer | Limitations to vegetation establishment and growth in biofiltration swales[END_REF][START_REF] Yu | Performance evaluation of various stormwater best management practices[END_REF][START_REF] Jiang | Field Performance of Bioretention Systems for Runoff Quantity Regulation and Pollutant Removal[END_REF] and could be partly explained by the trend for phosphorus to be adsorbed to very fine particles (<50 µm) which hardly settled [START_REF] Stagge | Performance of grass swales for improving water quality from highway runoff[END_REF], so efficiency of sedimentation is reduced in this case. Meanwhile, TP contains a dissolved form (dissolved phosphorus) which remains more of a challenge to remove according to the quasi-exclusive negative DP ER values stored in the database. DP attenuation could be attributable to geochemical processes occurring after infiltration, such as sorption to aluminium (Al) and iron (Fe) oxides, and precipitation [START_REF] Li | A unified look at phosphorus treatment using bioretention[END_REF]. Nonetheless, the aforementioned inefficient performances suggest that swales could easily enrich stormwater with soluble phosphorus. For surface runoff, this export of phosphorus may result from resuspension or scouring of organic matter (OM) and for percolated water, leaching of OM is generally incriminated [START_REF] Lefevre | Review of dissolved pollutants in urban storm water and their removal and fate in bioretention cells[END_REF][START_REF] Li | A unified look at phosphorus treatment using bioretention[END_REF]. Such increases in discharge of DP should be a matter of concern for the preservation of aquatic ecosystems since it is more bioavailable than TP [START_REF] Cederkvist | Controlling Stormwater Quality with Filter Soil-Event and Dry Weather Testing[END_REF].

Similar to phosphorus, distinctive results for nitrogen species suggest that treatment patterns depend on the nature of each component. The strong correlations between ERs of TKN and TSS may be the consequence of settling of TKN, caused by its particulate organic component [START_REF] Stagge | Performance of grass swales for improving water quality from highway runoff[END_REF][START_REF] Boger | Effectiveness of Roadside Vegetated Filter Strips and Swales at Treating Roadway Runoff: A Tutorial Review[END_REF]. Conversely, the slightly lower removal of TN coupled with a medium correlation with TSS ER may be explained by its predominant dissolved form in runoff [START_REF] Taylor | Nitrogen composition in urban runoff-implications for stormwater management[END_REF]; this potentially involved weaker removal by sedimentation than for TKN [START_REF] Stagge | Performance of grass swales for improving water quality from highway runoff[END_REF]. Although ER's distributions of oxidized nitrogen compounds (nitrate and nitrite) display frequent positive values, the absence of correlations with TSS ER suggests that sedimentation should not be a particular contributor to their removal. Performances reported in this study could thus be expected to depend on infiltration, plant uptake and denitrification [START_REF] Stagge | Performance of grass swales for improving water quality from highway runoff[END_REF]Winston et al. 2012a).

Additionally, the variability of NOx --N ER validates the consensus regarding the complexity to predict nitrogen species removal in swales [START_REF] Revitt | Assessing the impact of swales on receiving water quality[END_REF]. When soluble and organic nitrogen enrichment of stormwater occurring within the facility, this suggests there is a supplementary source of nitrogen that is readily mobilized and mixed with runoff. Runoff enrichment in nitrogen could be due to degradation of organic elements or discharge of high quantities of grass and weed debris deposited on swale bed after frequent maintenance periods [START_REF] Yousef | Removal of Highway Contaminants By Roadside Swales[END_REF][START_REF] Yu | Field Test of Grassed-Swale Performance in Removing Runoff Pollution[END_REF].

For investigating potential influential factors of ERs in the study reported herein, the preference was given to variables already be highlighted from previous studies. As reported by others [START_REF] Yu | Field Test of Grassed-Swale Performance in Removing Runoff Pollution[END_REF][START_REF] Barrett | Performance comparison of structural stormwater best management practices[END_REF][START_REF] Stagge | Performance of grass swales for improving water quality from highway runoff[END_REF]Winston et al. 2012a;Leroy et al. 2016a), efficiency of pollutant removal in swales may be dependent on incoming runoff quality and swale design. In this study, only site mean influent concentration as well as major factors which drive swale capacity to manage runoff and were well documented in the database, as swale length, centerline slope, side slope and ratio area, were used to attempt to explain discrepancies between swales. Our data indicate that pollutant inflow concentration is a main factor correlated with ER, for various pollutants, including TSS, TP, TN, TKN, NOx --N, zinc, copper and cadmium. For these pollutants, ERs increase with inflow pollutant concentrations, suggesting that their removal mechanisms are more efficient by increasing inflow pollutant.

Such data also support the idea that low inflow pollutant concentrations may results in low ER.

This hypothesis is fully supported by the fact that negative ERs were often reached in low influent concentration conditions. It is particularly reported for influent TSS concentrations in the range of 0-50 mg/L [START_REF] Bäckström | Transport of stormwater pollutants through a roadside grassed swale[END_REF][START_REF] Vc | Comparative analysis of the outflow water quality of two sustainable linear drainage systems[END_REF][START_REF] Purvis | Evaluating the Water Quality Benefits of a Bioswale in Brunswick County, North Carolina (NC), USA[END_REF], which could be enriched by scouring of sediments during water flow in swale [START_REF] Lucke | Pollutant Removal and Hydraulic Reduction Performance of Field Grassed Swales during Runoff Simulation Experiments[END_REF]. In contrast, removal of dissolved pollutants (nitrate) seems to be much less sensitive to the "influent effect", implying that other factors (e.g. soil physicochemical properties) may mainly regulate their attenuation within swales.

With respect to swale design factors, length was found as an inflow-independent factor positively correlated to ER only for TP and copper, but not for other pollutants. The reason for which TP and copper ERs depend on swale length remains to be determined. Indeed, although length have repeatedly been considered as an influent factor on the trapping of particles [START_REF] Yu | Field Test of Grassed-Swale Performance in Removing Runoff Pollution[END_REF][START_REF] Bäckström | Sediment transport in grassed swales during simulated runoff events[END_REF][START_REF] Winston | Modeling Sediment Reduction in Grass Swales and Vegetated Filter Strips Using Particle Settling Theory[END_REF], the trend to increase sediment reduction by raising length could rapidly reach an asymptote in sloped grassed areas [START_REF] Deletic | Sediment behaviour in grass filter strips[END_REF], and most of our results were consistent with the fact that installation of long swales (e.g., length > 15 -30 m) is not necessary to efficiently remove particles [START_REF] Lucke | Pollutant Removal and Hydraulic Reduction Performance of Field Grassed Swales during Runoff Simulation Experiments[END_REF]). In the same way, increasing centerline slope could slightly attenuate TSS reduction in swales [START_REF] Yu | Field Test of Grassed-Swale Performance in Removing Runoff Pollution[END_REF][START_REF] Winston | Modeling Sediment Reduction in Grass Swales and Vegetated Filter Strips Using Particle Settling Theory[END_REF] but there is no evidence to validate this trend since more than 75% of centerline slopes in the database were below 2%. The reason why lead ER was correlated to centerline slope also remains to be determined. Overall, it is noteworthy that most of swale designs parameters were not correlated to pollutant ER. This suggests that the variations in swale factors found in our database did not influence ER, excepted for length and ERs of TP and copper.

The present study suffers from various limits arising from (i) the heterogeneity of monitoring methods used in each study to sample events and analyse pollutant concentrations, and (ii) the adopted methodology to analyse the database. Concerning the first point, studies of the database exhibited various types of sampling method, which may affect the representativeness of resultant concentrations in terms of pollutant discharges by storm events.

On this aspect, flow-weighted or time-weighted sampling might give access to EMC whereas manual (grab) sampling produces several subsamples which could be subsequently mixed to estimate an average concentration of pollutant discharge. Since most of the database studies used the first type of sampling, concentrations utilised to calculate ER might be regarded as representative of entire storm event discharges. Additionally, further differences occur in sample preparation and analytical methods used. Although sample collection and sample preparation seem to be the two main sources of deviation (Huber et al. 2016), determining concentration of pollutant could be highly dependent on detection limits, especially for pollutants generally found in trace concentrations in runoff (e.g., trace metals). In this study, very low concentrations of cadmium in inflow and outflow (0.1 µg/L -3 µg/L) may suggest that a considerable uncertainty could affect Cd ERs. Furthermore, the adopted methodology to analyse raw data from literature represents a significant part of overall uncertainty. While various sources of discrepancies referred to number of sampled events and duration of the monitoring period, i.e., whether case study covered part of a year or a single year or several years, we consider each ER weighted equally to assess swale efficiency. Since level of runoff contamination as well as hydrological conditions could be highly variable at swale inlet, an ER calculated from a large number of sampled events would generally be more exact in the potential assessment of a site to treat stormwater [START_REF] Fassman | Stormwater BMP treatment performance variability for sediment and heavy metals[END_REF]. Previous studies suggested that reliable TSS, TN and zinc site mean concentrations could be achieved through monitoring for 15 to 20 runoff events [START_REF] Thomson | Sample size needs for characterizing pollutant concentrations in highway runoff[END_REF][START_REF] Drapper | Pollutant Concentrations in Road Runoff: Southeast Queensland Case Study[END_REF], knowing that this minimum threshold could be dependent on the nature of pollutant [START_REF] Mccarthy | Assessment of sampling strategies for estimation of site mean concentrations of stormwater pollutants[END_REF]). In the database, several studies monitored a limited number of storm events (i.e., <15), so their site ERs may be considered as less relevant than those of sites with large number of sampled events (i.e., 15). Additionally, the selection process of studies to feed the database did not consider hydrological conditions, i.e., inflow flow-rates, initial soil moisture and duration of event, which could directly impinge on ER. While these data were not systematically available in the studies, such information could be useful to explain higher particular pollutant ERs in cases where most of the sampled events for a site had low flow rates, which are likely to favor sedimentation.

In addition, this study dealt with pollutant removal in swales only from the perspective of ER to investigate its potential influential factors. Nonetheless, using these approaches on their own can be misleading the evaluation of swale effectiveness because of their strong reliance on additional inputs, e.g., inflow concentrations and influent flow-rate. This is why percent removals, notwithstanding their historic prevalence, are increasingly being criticized as stand-alone parameter [START_REF] Barrett | Performance comparison of structural stormwater best management practices[END_REF]Wright Water Engineers and Geosyntec Consultants 2007). In addition, there is a current need to investigate the management practice of SUDs in terms of quality assessment to remove pollutant (facility efficiency) without relating to achievements in terms of project goals or effectiveness [START_REF] Scholes | A systematic approach for the comparative assessment of stormwater pollutant removal potentials[END_REF][START_REF] Fassman | Stormwater BMP treatment performance variability for sediment and heavy metals[END_REF].

For this reason, other analytic metric tools has been developed such as the probability plots [START_REF] Fassman | Stormwater BMP treatment performance variability for sediment and heavy metals[END_REF][START_REF] Stagge | Performance of grass swales for improving water quality from highway runoff[END_REF] which better suit than methods based on a change from an arbitrary starting value. For evaluating effluent stormwater quality variability in the sight of water quality standards, probability plots focus on whether the discharges are likely to adversely affects the receiving ecosystems [START_REF] Fassman | Stormwater BMP treatment performance variability for sediment and heavy metals[END_REF]. A complementary method to investigate SUDs efficiency is to examine EMC distributions. On the one hand, such approach leads to explore on whether differences between influent and effluent concentration distributions are statistically significant (Geosyntec Consultants and Wright Water Engineers 2011). On the other hand, specific data from the distributions (e.g., mean, median, IQR) could be selected as a basis for a comparison procedure against regulatory environmental quality standard (EQS) to highlight the environmental risk assessment of stormwater discharge [START_REF] Ellis | An impact assessment methodology for urban surface runoff quality following best practice treatment[END_REF].

Nonetheless, applying one of these recent methods requires to get raw data, which were not always available in the case of the studies reviewed in our database.

Conclusion

In the present study, the efficiency of swales to remove TSS, nutrients and total trace metals was investigated by establishing an original database, including ER, design and inflow concentration data. This overall assessment has evidenced that pollutants with a particulate form were generally more attenuated in swales than soluble contaminants. Additionally, statistical analysis has highlighted strong relationships between removals of TSS and other contaminants with a particulate form. This supported that settling and filtration processes mainly drive the sequestration of pollutants from incoming runoff in swales, with an apparent limited effect on the dissolved phase. Moreover, instability of pollutant ER may partly be explained by variations of site mean inflow concentration, emerging as the most striking influential factor on ER. Conversely, various swale design factors, such as length, centerline slope, side slope and ratio area, were not or only poorly correlated with ERs. Such a lack of implication of these design parameters remains however to be confirmed by further studies.

Future works should also gain insight on the mitigation of stormwater contaminants during water transfer in soil, while pursuing the current monitoring practices by characterizing more micropollutants, such as PAHs and pesticides, in the particulate and dissolved phases. 

Legend to Figures

  swales referenced in the database were covered by vegetation. Although grass was traditionally selected, mix of plants is increasingly incorporated into swales (planted swale) either to be adequate to site condition (e.g., hydric soils, deicing salts in stormwater) or to favor sedimentation and improve contaminants biodegradation (Leroy et al. 2016a).
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 24 Fig. 2 Design characteristics of swales registered in the database. a Boxplots for the design factors characterizing swale database. b Legend for boxplots
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a Correlations between pollutant ERs were analyzed using the non-parametric Spearman rank method. The Spearman's rank correlation coefficient ρ, as well as the p value and the number of swales analyzed are indicated in bold when the correlation is significant (p<0.05); these data are additionally underlined when the correlation is considered to be rather strong (ρ≥0.60). b ND, not done (n<10). * p < 0.05; ** p < 0.01; *** p < 0.001 ND b -0.07 0.8154 n = 13 a Correlations between pollutant ERs were analyzed using the non-parametric Spearman rank method. The Spearman's rank correlation coefficient ρ, as well as the p value and the number of swales analyzed are indicated in bold when the correlation is significant (p<0.05); these data are additionally underlined when the correlation is considered to be rather strong (ρ≥0.60). b ND, not done (n<10). * p < 0.05; ** p < 0.01; *** p < 0.001 Table 4 Analysis of correlations between inflow concnetration and various swale parameters when a design characteristics was flagged as potentially