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Pour évaluer les performances d'élimination des agents pathogènes présent dans les zones humides pour le traitement des eaux pluviales, la surveillance des microbes present à l'entrée et à la sortie des systèmes doit être effectuée. Cependant, la compréhension de ces systèmes dynamiques nécessite des techniques d'échantillonnage et d'analyse adaptatives. Pour la première fois, des échantillonneurs passifs comprenant trois matériaux adsorbants différents ont été déployés à l'entrée et à la sortie de la zone humide de Troups Creek pendant 7 jours pour étudier une gamme d'agents pathogènes. Des données sur les coliformes fécaux et la turbidité ont également été recueillies. Des cartes TaqMan Array (TAC) personnalisées ont été utilisées pour la détection et la quantification partielle d'une gamme d'agents pathogènes entériques au sein d'un seul test. Les résultats des échantillons d'eau (entrée et sortie) indiquent que la concentration d'E. coli et la turbidité ne changent pas de manière significative entre l'entrée et la sortie par temps humide, ce qui suggère la faible performance du système. Alors que les résultats obtenus grâce aux cartes customisées ont permis d'identifier des biomarqueurs ainsi que des agents pathogènes entériques présent dans les échantillons entrant de la zone humide ; les échantillons de sortie sont encore en cours d'analyse ce qui est nécessaire afin de discuter plus en profondeur les variations microbiennes entre l'entrée et de la sortie dans la zone humide.

INTRODUCTON

There is currently a dearth of knowledge on potential microbial pollutants and their associated risks as part of reuse of stormwater. Microbial pathogens, such as Giardia and Campylobacter, are major stormwaterassociated health risks. The inability to effectively treat and remove these organisms limits the reuse of stormwater [START_REF] Ahmed | A review on microbial contaminants in stormwater runoff and outfalls: potential health risks and mitigation strategies[END_REF].

One way to treat stormwater is the use of water sensitive urban design (WSUD) treatment trains, such as those within a stormwater-constructed wetland in a harvesting system (Jiang et al. 2015;[START_REF] Murphy | Current Stormwater Harvesting Guidelines Are Inadequate for Mitigating Risk from Campylobacter During Nonpotable Reuse Activities[END_REF]. To understand the effectiveness of WSUD and evaluate wetland performance monitoring of microbial indicators and pathogens in inflow and outflow water is required. However, there are significant variations due to sitespecific operational conditions (e.g. inflow water quality, climate) and wetland design parameters (e.g. hydraulic retention time and vegetation density). Considering the site-specific needs, the sampling method employed for monitoring can be a crucial factor to capture any variations in microbes during storm events [START_REF] Meng | Stormwater Constructed Wetlands: A Source or a Sink of Campylobacter Spp[END_REF]. For example, grab samples are not adequate for microbe variations due to their snapshot representation of water quality at the time of collection. Although autosamplers are more appropriate for this purpose, they are expensive and required to be installed at a specific location and maintained regularly [START_REF] Ahmed | A review on microbial contaminants in stormwater runoff and outfalls: potential health risks and mitigation strategies[END_REF].

Passive sampling can be deployed in waterbodies to accumulate organisms over time as an alternative method. During COVID-19, this method of sampling was successfully developed and applied in wastewater for SARS-CoV-2 RNA detection [START_REF] Schang | Passive sampling of SARS-CoV-2 for wastewater surveillance[END_REF]. However, understanding a wide range of pathogens is also required which does not just rely on single assay approaches. As a useful tool, Custom TaqMan Array Cards (TAC) have been used successfully to monitor pathogens in complex environments [START_REF] Lappan | Monitoring of diverse enteric pathogens across environmental and host reservoirs with TaqMan Array Cards and Standard QPCR: A methodological comparison study[END_REF].

The overall aim of this research is to understand the performance of a stormwater-constructed wetland in a harvesting system considering microbial variations via passive sampling and TAC. To do so, we used passive samplers in the inlet and outlet of the wetland alongside using array-based enteric pathogen analysis in the lab to understand potential pathogens in the inlet and outlet of Troups Creek wetland, particularly under highvolume conditions.

METHODOLOGY

Torpedo-style passive samplers were deployed in the inlet (IN) and outlet (Out) of Troups Creek wetland (Narre Warren North, Melbourne, Australia, Figure 1a) receiving water from a mixed land-use catchment. Passive samplers were deployed within the inlet and outlet containing three types of materials including (typical laboratory grade electronegative filter membrane (cellulose nitrate filter, 11406-47-ACN, Sartorius, Germany), medical gauze, and cotton buds (Swisspers, China). Water samples (2L) were also collected at the time of deployment. Water quality (temperature, turbidity, salinity, pH, EC, TDS and DO) was measured simultaneously using a Horiba (U-52 Multiprobe Water Quality Meter, HORIBA, Japan). After seven days, passive samplers were collected and transferred to the Environmental Public Health Laboratory (Monash University, Clayton) for processing.

All water samples were also analysed for Escherichia coli (E. coli) concentrations following the Colilert test as per the manufacturer's instructions (IDEXX). The dilution factor for water samples was 1 :10. One litre of water samples were passed through five 0.22 µm filters from which DNA was extracted using MagMax Microbiome Ultra Nucleic Acid Purification kit (Applied Biosystem, USA) and the Kingfisher Apex instrument (Thermo Fisher Scientific, USA). Manufacturer's instructions were followed with the exemption that 0.7 mm garnet beads were used instead of the glass beads provided with the kit. All passive materials were placed directly into 2 mL garnettype bead-beating tubes and processed. Extracted nucleic acid samples were frozen at -20 C prior to use.

The TAC was applied to screen the organisms. Preparation of the sample mastermix and reaction conditions were conducted as described in Lappan et al. protocol [START_REF] Lappan | Monitoring of diverse enteric pathogens across environmental and host reservoirs with TaqMan Array Cards and Standard QPCR: A methodological comparison study[END_REF]). Positive and negative controls were also included. Samples were considered positive if amplification was observed for both 16S rRNA and 18S rRNA assays (with exception of method extraction blanks). All run results were analysed using Design and Analysis Software Version 2.6, QuantStudio 6/7 Pro systems for screening the organisms and Microsoft Excel 2016 was used for data analysis.

RESULTS AND DISCUSSION

Water quality data showed no significant difference in turbidity (Figure 1b andc), pH or temperature between inlet and outlet waters. The turbidity level in the outlet is higher than that of recommended for stormwater reuse [START_REF] Nrmmc | Australian Guidelines for Water Recycling Stormwater Harvesting and Reuse[END_REF]. One reason for this high level of turbidity in the outlet might be the resuspension occurring because of high water velocity, due to significant rainfall events that occurred across the sampling period, which promotes the resuspension of sediments [START_REF] Meng | Stormwater Constructed Wetlands: A Source or a Sink of Campylobacter Spp[END_REF]). E. coli concentration in the inlet of Troups Creek wetland was similar to previous reports [START_REF] Meng | Stormwater Constructed Wetlands: A Source or a Sink of Campylobacter Spp[END_REF]. However, the outlet concentration in our study indicates that E. coli concentration was not reduced which had been observed by [START_REF] Meng | Stormwater Constructed Wetlands: A Source or a Sink of Campylobacter Spp[END_REF]. This might be related to the increase in rainfall that had occurred or the upgrades in the systems riparian zones; so, further monitoring is required. 

(c)

Results of array-based enteric pathogen analysis for water samples indicated that human biomarkers including Bacteroides HF183, CrAssphage, and Lachnospiraceae were detected in the inlet of the wetland during wet weather condition. Not only were they detected in grab water samples but also attached to the electronegative membrane and cotton-based materials (i.e. buds and medical gauze) after 7 days of deployment in the inlet. Pathogens including Cryptosporidium was present in all water samples and 33% of passive materials trapped it as well. Although Campylobacter spp. was detected in 75% of water samples and 83% of passive materials. However, specific detection of C. coli and C. jejuni species (which are pathogenic) did not occur. This is interesting as previous studies had suggested high concentrations of these enteric pathogens were present in the wetland [START_REF] Murphy | Current Stormwater Harvesting Guidelines Are Inadequate for Mitigating Risk from Campylobacter During Nonpotable Reuse Activities[END_REF]). However, isolate sequencing was not conducted to confirm speciation, suggesting that the wetland may have other regional, non-pathogenic species [START_REF] Davis | Draft Genome Sequences of Eight Campylobacter Volucris Isolates from Freshwater Sources in Victoria, Australia[END_REF]). The array-based enteric pathogen analysis will be conducted for the outlet to screen microbes and assess microbial variations in this wetland.

CONCLUSION

Passive samplers were used to capture the variations of microbes in the inflow and outflow of the wetland to assess its performance. Initial results from grab samples showed that E. coli was not reduced consistently in the wetland during wet weather condition and the turbidity was high in the outlet of the wetland. Screening of organisms in the water samples and passive materials from the inlet revealed the enteric pathogens (Cryptosporidium) and biomarkers including Bacteroides, CrAssphage, and Lachnospiraceae. The samplings and analyses are still ongoing and the more complete results will be available until July.
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 1 Figure 1. (a) Sampling point (water samples and deployment of passive samplers) in the inlet (IN) and outlet (OUT) of Troups Creek wetland; (b) Turbidity of water samples from IN and OUT; (c) E. coli concentration of water samples from IN and OUT; (c) Occurrence percentage of organisms for both water samples and passive sampler in the IN via pathogen arraycard screening (this analysis for water and passive samples from OUT is still ongoing).