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Les zones humides artificielles ont été identifiées comme une technique permettant d'éliminer le phosphate et les nitrates du ruissellement de surface, réduisant ainsi le problème de l'eutrophisation causée par une teneur excessive en phosphate et en nitrates dans les écosystèmes aquatiques. Les espèces végétales, la composition du substrat, la structure et la population microbienne de MF peuvent influer sur l'efficacité de l'élimination du phosphore. Par conséquent, le potentiel d'élimination du phosphore de différentes plantes et sols dans la CW doit faire l'objet d'études plus approfondies.

Cette étude s'est concentrée sur un CW situé à Dronfield (Royaume-Uni). Le marais filtrant a été surveillée au cours de l'été 2022 à l'aide d'échantillons d'eau, de sol et de plantes prélevés pour comprendre le potentiel d'élimination du phosphate. L'activité de la phosphatase a été utilisée comme indicateur pour évaluer la capacité des racines, des tiges, des feuilles, du sol et de l'eau à éliminer le phosphate. Les résultats ont indiqué que le CW était capable d'éliminer le phosphate et que les plantes avaient un effet significatif sur l'élimination de ce nutriment. En comparaison, Typha sp. était plus efficace pour éliminer le phosphate que Phragmites sp. Les échantillons de sols ont montré une faible activité phosphatase, donc un faible potentiel d'élimination du phosphate par rapport aux plantes.

BACKGROUND

Excessive levels of phosphorus and nitrate can lead to eutrophication problems in receiving water bodies around the world [START_REF] Paerl | Controlling Eutrophication along the Freshwater-Marine Continuum: Dual Nutrient (N and P) Reductions are Essential[END_REF]. When eutrophication occurs, it will cause toxic algae blooms, a decrease in dissolved oxygen levels and ultimately the destruction of the natural ecological balance of aquatic ecosystems [START_REF] Kim | Phytoplankton nutrient use and CO.sub.2 dynamics responding to long-term changes in riverine N and P availability[END_REF]. The statement on improving water quality and tackling nutrient pollution (George [START_REF] Eustice | The statement on improving water quality and tackling nutrient pollution[END_REF] supports Natural England in establishing a nutrition mitigation programme. That means developers need to find a way to meet the nutritional neutrality requirement. Constructed wetlands (CW) can be successfully used to control surface run-off pollution, which can have a significant effect on reducing eutrophication [START_REF] Zhang | Application of constructed wetlands for wastewater treatment in developing countries -A review of recent developments (2000-2013)[END_REF].

The aim of the research was to determine whether the studied CW could successfully remove phosphate from surface run-off. The CW is located in the Lea Brook Valley, a recreational area in Dronfield (UK), and is part of the local water company surface water drainage infrastructure.

Phosphate levels in the water at different locations in the CW were measured and the phosphatase activity of soil, water and plants was tested in the laboratory to determine which component of the wetland ecosystem was more efficient at removing phosphorus. In addition, the potential of Typha sp. and Phragmites sp., for phosphate removal in CW was assessed.

MATERIAL AND METHOD

In order to obtain typical samples, four collection points were selected around the wetland, including two inlets (surface water run-off) and one outlet discharging to a local stream. A total of three sampling campaigns were conducted over two months. For each sampling campaign, soil, plants and water samples were collected. Due to a significant drought in the UK during the summer of 2022, water samples from the outlet were not obtained.

The physics and chemistry of water and soil

Temperature and pH in water samples were monitored by using the HI-991003 extended range pH meter (Hanna, UK). The DR2000 Laboratory Spectrophotometer (HACK, UK) was used for water analysis. Phosphate concentrations were measured in mg/L by using the ascorbic acid method [START_REF] Doolitle | Ascorbic acid method for phosphorus determination[END_REF]. Soil moisture, organic matter content and particle distribution were analyzed in the soil samples collected.

Phosphatase activity analysis

To determine phosphatase activity in the samples, alkaline phosphatase activity (APA) was assessed by means of a modified fluorogenic method using 4-methylumbelliferone (MUF) and 4methylumbelliferyl-phosphate (MUF-P) [START_REF] Goulder | Extracellular enzyme activities associated with epiphytic microbiota on submerged stems of the reed Phragmites australis[END_REF]. Enzymatic activity was determined by measuring the increase in fluorescence over time and using standards of a known concentration of a fluorophore (MUF). MUF concentration was measured fluorimetrically by using a Luminescence spectrometer 30 (Perkin Elmer, UK) with excitation at 360 nm and emission at 449 nm.

For the soil enzyme assay, three replicate 5.76 ml (1 g wet wt l -1 ) soil suspensions were used. For the water enzyme assay, three replicate 5.76 ml water were used. To analyse phosphatase activity in the plants, each plant was divided into leaves, stems and roots, and 6g samples were weighed from each part. Fluorogenic substrate was added to samples suspensions to give a final concentration of 200 μmol l -1 and the suspensions were then incubated in darkness for 2h at room temperature.

Spearman's correlation coefficient was used to determine the associations between phosphatase activity and physicochemical variables. Data from the sampling sites were compared using the Kruskal-Wallis test. All analysis was carried out using SPSS Modeler 18.3.

RESULT

The organic matter content and moisture content of soil samples were the highest in the wetland samples (18.66% and 50.41%) and lowest in inlet 1 (6.35% and 25.39%). The concentration of phosphate in the water was the highest at one of the inlets (inlet 2) (14.31 mg/L) and the concentration decreased after passing through the wetland (2.68 mg/L).

Figure 1 shows that phosphatase activity in soil was highest (0.0171 μmol/L/h) at inlet 2 and lowest (0.0051 μmol/L/h) at the outlet. The Pearson correlation coefficient between the concentration of phosphate in water and phosphatase activity in the soil was -0.383 (p=0.037). The higher the phosphatase activity, the lower the phosphate concentration in the samples. The results showed that the phosphorus removal potential of soil was lower when compared to water samples. According to Figure 1, the phosphatase activity in water samples was highest in the wetland samples (0.1333 μmol/L/h) and lowest at the outlet (0.0157 μmol/L/h). There was a highly significant difference between the phosphatase activities in the water samples from different locations in the CW (p<0.001).

When the phosphatase activity was analyzed in plants (Figure 2), the highest phosphatase activity was observed in the roots for both type of plants. This may be due to the greater number of microorganisms in the roots compared to other plant sections, showing that these microorganisms are key to increase phosphatase activity in CW [START_REF] Ma | Shifts in diversity and community structure of endophytic bacteria and archaea across root, stem and leaf tissues in the common reed, Phragmites australis, along a salinity gradient in a marine tidal wetland of northern China[END_REF]. When the two species of plants were compared, Typha sp. had a higher phosphorus removal potential than Phragmites sp. Figure 3 shows that the phosphatase activity in plants was much higher than that in soil and water, which indicates that it was feasible to use Typha sp. and Phragmites sp. to remove phosphate from surface run-off.

Figure 3 The proportion of phosphate activity in soil, water and plants that contributes to the removal of phosphate from surface run-off

DISCUSSION

This study shows that CW were efficient at reducing the levels of phosphate coming from surface runoff pollution. The phosphatase activity in plant roots was much higher than that in soil and water samples, showing the positive effect of plants in the removal of phosphate in CW.

Previous studies showed that Phragmites sp. has a good effect on phosphate removal [START_REF] Prajapati | Assessing the effectiveness of pollutant removal by macrophytes in a floating wetland for wastewater treatment[END_REF], but Typha sp. was not recognized as a good plant for its capability to remove nutrients in wetlands. In this research, the phosphorus removal capability of Phragmites sp. and Typha sp. was compared, and Typha sp. was found to be more effective in removing phosphate in CW.

On the one hand, by comparing the roots, the root of Typha sp. was more robust than Phragmites sp. Previous field experiment by [START_REF] Lei | Rooting depth and below ground biomass in a freshwater coastal marsh invaded by European Reed (Phragmites australis) compared with remnant uninvaded sites at Long Point, Ontario[END_REF] confirmed that vertical root development can increase its water conductivity, which will speed up the water exchange rate and improve the purification efficiency.

Compared with the stems growth, the stem of Typha sp. was hollow, while Phragmites sp. was filled with dense fibers. Hollow stems are beneficial to oxygen transport in plants and improve the activity of aerobic microorganisms. On the other hand, the growth period of Phragmites sp. was in the senescent stage, while Typha sp. was in the young stage. In this study, the outer tissue of Phragmites sp. was dry, yellow, hard and inelastic, while the outer tissue of Typha sp. was green, thick, soft and elastic. Field experiments with Typha sp. as by [START_REF] Hosoi | Field examination on reed growth, harvest and regeneration for nutrient removal[END_REF] demonstrated that younger plants have a greater concentration of microorganisms around them and that some of the phosphate can be removed through microbial growth and metabolic activity.

In conclusion, it is feasible to use plants in CW to remove phosphate from pollution originated by urban surface run-off. Phragmites sp. and Typha sp., both have the potential to remove phosphate, yet Typha sp. was the most effective plant in removing phosphate in this study. Future studies will aim to identify what type of microorganisms contribute to removing phosphate in association to plant roots to investigate their use in biodegradation strategies to improve the performance of CW.

Figure 1

 1 Figure 1 Enzyme activity in water and soil (n=9 and bars indicate standard error)

Figure 2

 2 Figure 2 Enzyme activity in Phragmites sp. (n=3) and Typha sp. (n=6) (bars indicate standard error)
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