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Le rapport de la 6e directive-cadre sur l'eau de l'UE indique que moins de 50% des États membres (EM) ont atteint (ou sont en passe d'atteindre) les objectifs liés à la «pollution provenant des zones urbaines, des transports et des infrastructures bâties». Pour aider les gestionnaires de bassins versants à faire face à cette pression, les facteurs d'émissions des véhicules ont été combinés aux données sitespécifiques afin de prédire les concentrations de polluants dans les eaux de ruissellement de 63 sections d'autoroutes situées dans un bassin versant du nord de Londres (RU) durant deux differents types de tempêtes. Les concentrations sont estimées pour TSS, Zn, Cu, Cd et BaP. Les résultats se situent dans la meme plage de valeurs de travaux de terrains antérieurs sur le ruissellement urbain britannique. Les valeurs maximales prévues pour la plus petite tempête (15,4 mm; 2,2mm/h) dépassent celles associées à la grande (33,2 mm; 15,2 mm/h), avec des concentrations totales maximales de 1516 mg/l, 5855 µg/L, 414 µg/L, 2,41 µg/L et 1,558 µg/L prédites respectivement pour TSS, Zn, Cu, Cd et BaP pour la petite tempête. Les résultats peuvent être cartographiés géospatialement pour fournir une visualisation de leur distribution et de leur amplitude sur le réseau routier. Ces données peuvent ainsi fournir une base aux gestionnaires de bassin versant afin de hiérarchiser les emplacements de systèmes en vue de minimiser les charges polluantes routières rejetées dans les eaux réceptrices.

INTRODUCTION

The EU Water Framework Directive (EU WFD, 2000) introduced a comprehensive river basin management planning system to protect and improve the ecological health of rivers, lakes, estuaries, coastal and ground waters with the objective of reaching good ecological and chemical status by 2027 at the latest (EC 2021). To facilitate the achievement of this goal, the EU EQS (2008) and EU PHS (2013) established a series of water quality standards against which the health of water bodies can be assessed. The publication of the 6 th EU WFD implementation report indicates that while progress has been made by all Member States (MS) in implementing this Directive, the majority of EU water bodies have not yet achieved good status (EC, 2021). In terms of tackling the identified pressure 'pollution from urban areas, transport and built infrastructure', results indicate that only 12 of the 27 MS are either on track to meet their objectives (9 MS) or have already achieved them (3 MS), with the remaining 15 MS reporting their progress as none, not mapped, mixed or could not be reported (EC, 2021).

A core challenge in reducing emissions to receiving water from urban areas, transport and built infrastructure is their diffuse and episodic nature, which is temporally and spatially highly variable on both a site-by-site and event-by-event basis [START_REF] Müller | The pollution conveyed by urban runoff: A review of sources[END_REF]. Several studies have identified traffic and traffic-related activities as a major source of urban diffuse pollution and hence, in tackling this pressure, the need to address the quality of highway runoff has been prioritised in many river basin management plans. The traditional approach to predicting pollutant loads discharging from highways (i.e. pollutant probability distribution analysis of monitored storm sampling data) have been described [START_REF] Revitt | Development and application of an innovative approach to predicting pollutant concentrations in highway runoff[END_REF]. Limitations exist in relation to model transferability and were associated with insensitivity of current approaches to incorporate factors such as vehicle type and exhaust emissions, brake/tyre wear, road surface wear, highway type etc at a local (highway) level. To address this, [START_REF] Revitt | Development and application of an innovative approach to predicting pollutant concentrations in highway runoff[END_REF] developed a novel approach to combining physico-chemical source processes associated with highway and storm event conditions to predict monthly average pollutant concentrations for several pollutants, and applied the method to sections of highways experiencing differing vehicle flow characteristics (in terms of traffic density, vehicle and fuel type) in an urban North London (UK) catchment. In this paper, this methodology is extended and applied to consider highway runoff concentrations associated with two real-world storm events of differing characteristics in terms of rainfall depth and intensity. Geospatial distribution mapping of the predicted concentrations enables their distribution and magnitude to be visually displayed at a storm event level and supports catchment managers understanding of the implications of targeting events of differing magnitudes.

METHODOLOGY

The three-stage approach to predicting highway runoff concentrations using site specific data is described in full in [START_REF] Revitt | Development and application of an innovative approach to predicting pollutant concentrations in highway runoff[END_REF]. In brief, the methodology involves combining highway section characteristics (length, width, vehicle kilometres travelled) with substance-specific emission factors sourced from the literature for exhaust, brake, tyre and highway surface wear for ten different vehicle types over a specified dry weather period. Integration of this data enables the prediction of highway surface pollutant loadings per highway section (as mg per vehicle kilometre travelled; mg/vkm), with the inclusion of local rainfall data enabling the prediction of discharged runoff concentrations at a highway section-level per storm event. The annual average daily traffic by vehicle and fuel type for 63 sections of urban highways in the North London Borough of Enfield (encompassing a range of highway types from major motorways to minor residential roads) is taken from the UK Department of Transport (2019) official traffic statistics. Rainfall data for 2019 was sourced from a 2 mm tipping bucket rain gauge located in the grounds of Enfield Civic Centre (UK; personal communication). Using an antecedent dry period of ≥ 20 days and a rainfall depth of ≥15mm to prioritise events led to the identification of the two rainfall events described in Table 1. The predicted pollutant highway runoff concentration distributions are calculated in an Microsoft Excel spreadsheet which provides the input data for the ArcInfoGIS mapping of the differing highway types in the London Borough of Enfield (UK). The resulting visual display of the geospatial highway runoff pollutant concentrations enables identification of pollution 'hotspots' that can be preferentially targeted in terms of the introduction of control measures. Initial analysis has focussed on three metals (zinc (Zn), copper (Cu) and cadmium (Cd)), benzo(a)pyrene (BaP) and total suspended solids (TSS) as indicators (to differing extents) of vehicle derived emissions.

RESULTS AND DISCUSSION

An overview of predicted concentrations per pollutant for each storm event is provided in Tables 2 and3 in comparison to data from the literature (Table 2) and concentrations predicted for the same 63 sections of highway using mean monthly rainfall data (Table 3; and see [START_REF] Revitt | Development and application of an innovative approach to predicting pollutant concentrations in highway runoff[END_REF]. As could be anticipated given the diversity of highway typologies included within the 63 highway sections (ranging from annual average traffic densities of 191-7014 for local highways to 69,311-76,355 for sections of motorway) and variations in contributing drainage areas, predicted concentrations show considerable variation per pollutant (up to three orders of magnitude). However, predicted concentrations at an event and monthly mean level are broadly comparable to those reported in the literature for UK urban highways (e.g. Mitchel, 2001;[START_REF] Crabtree | Monitoring pollutants in highway runoff[END_REF].

Comparison of storm event A and B characteristics (see Table 1) indicates that event A is a comparatively smaller, less intense event with a longer antecedent dry period (ADP), and that it is this contributing factor which is mainly responsible for the higher maximum concentrations associated with all pollutants for this event. The longer ADP generates higher traffic emission surface loadings as well as enabling a greater accumulation of finer particulate <PM10) due to traffic flows and deflationary mechanisms. Thus, when surface runoff does occur during an ensuing storm event there is a much larger sediment availability and sizing distribution of particulates available to be flushed from the impervious highway surface. The results, even though limited to only two storm events, would suggest that it is particulate availability rather than overall transport capacity that provides the limiting factor to the ultimate quality of runoff from the highway catchment. This finding also supports previous studies which suggest that the majority of the diffuse pollutant load entering urban receiving waters is associated with the more frequent smaller-scale events [START_REF] Roesner | Are best management-practice criteria really environmentally friendly?[END_REF]). An additional consideration is that concentrations associated with smaller events can frequently be relatively higher than larger events and therefor pose more of an acute risk given that a relatively lower level of dilution would be available in the receiving waterbody. The effect of event characteristics on predicted concentrations can also be readily identified, with the number of sites for which TSS concentrations are identified as posing a risk to receiving water quality is higher under storm A (as indicated by red circles; 45 sites) in comparison to storm B (8 sites).

Key: RCR>1 poses a risk to receiving waters and needs treatment before discharge; RCR 0.75-1 potential to cause a risk to receiving waters; RCR <0.75 unlikely to pose a risk to receiving waters 

CONCLUSIONS

Results indicate that predicted concentrations are comparable with those reported for UK motorway and suburban highways, and that the approach is sensitive to site specific changes in rainfall conditions. The methodology can be used to generate an evidence base to support catchment managers identify and prioritise sections of their highway network for the installation of treatment systems, and to evidence progress towards addressing the -currently much neglected -pressure 'pollution from urban areas, transport and built infrastructure' within programmes of measures.

Figure 1 .

 1 Overview of spatial distribution of TSS concentrations for 63 sections of highway in the London Borough of Enfield categorised under storm A (a) and storm B (b)

Table 1

 1 

	Characteristics of the two modelled rainfall events
		Storm A	Storm B
	Date	8/5/19	24/9/19
	Rainfall depth (mm)	15.4	33.2
	Maximum rainfall intensity (mm/hour)	2.2	15.2
	Antecedent dry period (days)	29	20

Table 2

 2 Figure1provides an example of the ArcGIS spatial distribution and magnitude of TSS highway runoff concentrations (classified according to risk characterisation ratios; RCR; see[START_REF] Revitt | Development and application of an innovative approach to predicting pollutant concentrations in highway runoff[END_REF] for a selection of highway types occurring within the London Borough of Enfield under storm A and storm B. As previously reported under mean monthly rainfall conditions, the North Circular Road (NCR; inner London orbital), M25 (outer London orbital) and A10 trunk road yield the highest contributions, together with highways carrying a relatively greater density of HGVs (e.g. MA; Mollison Avenue located in an industrial estate).

	Range, mean (± standard deviation; SD) and median predicted pollutant concentrations discharging from
	63 sections during storm A in comparison with data from Mitchel (2001) for motorway and suburban roads
		Range	Mean	Median	UK Value (Mitchell, 2001)
					Mean	Median
	TSS (mg/L)	13.8-5855.4	1020.6±1033.3	677.3	194.0*	164.0*
					121.0**	130.0**
	Zn (µg/L)	6.3-1515.5	352.9±284.7	264.2	840.5*	545.9*
					330.5**	325.1**
	Cu (µg/L)	2.1-414.4	110.8±82.9	86.6	86.5*	103.0*
					84.0**	62.6**
	Cd (µg/L)	0.01-2.4	0.7±0.5	0.5	3.0*	3.0*
					1.61**	1.93**
	B(a)P (µg/L)	0.008-1.579	0.4±0.3	0.3		
	Key: *motorways; **suburban roads				
	Table 3 Range, mean (± SD) and median predicted pollutant concentrations discharging from 63 sections during
	storm B in comparison with concentrations predicted using mean monthly rainfall data	
		Range	Mean ± SD	Median	Mean monthly
					concentrations (2019)
	TSS (mg/L)	4.4-1873.1	326.5±321.0	216.682	1.8 -421.7
	Zn (µg/L)	2.0-484.8	112.9±91.1	84.510	3.8 -1629.4
	Cu (µg/L)	0.7-132.6	35.5±26.5	27.681	0.58 -115.3
	Cd (µg/L)	0.004-0.8	0.2±0.2	0.172	0.001 -0.67
	B(a)P (µg/L)	0.003-0.5	0.1±0.1	0.107	0.002 -0.47