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RÉSUMÉ

Cette recherche a exploré la faisabilité d'incorporer une zone submergée pour améliorer la conception actuelle du PICP en incluant la dénitrification (Collins et al., 2010;Kuruppu et coll., 2019). Les trois principaux facteurs de dénitrification suivants ont été étudiés dans le cadre d'une étude en laboratoire:

(1) temps de rétention, (2) inclusion d'une source de carbone (journal) et (3) profondeur de la zone immergée. Cette étude a utilisé dix colonnes, chacune entièrement emballée avec des agrégats lavés de 50 à 63 mm et comprenait une zone immergée de 1.5 m de profondeur. Les colonnes ont été jumelées en fonction de la durée de détention (1, 2, 5, 10 et jours 'variés') avec un ensemble comprenant le journal, tandis que l'autre n'en a pas. Toutes les colonnes ont été chargées d'eaux pluviales synthétiques sur une période de quatre mois. Des échantillons ont été prélevés à différentes profondeurs immergées (0, 300, 600, 900, 1200 et 1500 mm) et analysés tous les 10 jours pour détecter les concentrations d'ammoniac (NH3), de nitrate (NO3 -) et de phosphate (PO4 3-).

Cette étude a révélé que 10 jours ou plus de détention et la fourniture d'une source de carbone ont l'impact le plus significatif sur la dénitrification -fournissant une élimination moyenne globale du NO3 -et de l'azote supérieure à 41% et 59% respectivement. Uneprofondeur de fusion supérieure à 300 mm n'a pas amélioré de manière significative l'élimination du NO3 -. L'augmentation des temps de détention a entraîné une augmentation de l'enlèvement NH3 et PO4 3-avec des valeurs moyennes de 74% et 33%, respectivement obtenues avec des périodes de détention de 10 jours.

ABSTRACT

This research explored the feasibility of incorporating a submerged zone to improve on the present PICP design by including denitrification (Collins et al., 2010;Kuruppu et al., 2019). The following three main factors controlling denitrification were investigated through a laboratory study: (1) detention time, (2) inclusion of a carbon source (newspaper) and (3) submerged zone depth. The study used ten columns, each fully packed with 50-63 mm washed aggregate and including a 1.5 m deep submerged zone. Columns were paired according to detention time (1, 2, 5, 10 and 'varied' days) with one set including newspaper, the other set not. All columns were loaded with synthetic stormwater over a four-month period. Samples were taken from different submerged depths (0, 300, 600, 900, 1200 and 1500 mm) and analysed for concentrations of ammonia (NH3), nitrate (NO3 -) and phosphate (PO4 3-) every 10 days.

The study found that 10 -or more -days detention and providing a carbon source have the most significant impact on denitrification -providing an overall mean NO3 -and nitrogen removal above 41% and 59% respectively. Submerged depth greater than 300 mm did not significantly improve NO3 - removal. Increasing detention times resulted in increasing NH3 and PO4 3-removal with mean values of 74% and 33%, respectively achieved with 10-day detention periods.
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INTRODUCTION

Historically, stormwater control measures (SCMs) have been primarily implemented as hydrological management tools used to optimise the removal of runoff and reduce flooding (Collins et al., 2010). Recent research on SCMs have focused on their pollutant removal capabilities, but they have not always been effective at removing nitrogen compounds (e.g., NO3 -and NH3) present within stormwater. This has led many researchers to investigate the treatment efficacies of permeable pavements (PPs), which have been successful at removing NH3, total suspended solids, hydrocarbons, ammonium, total Kjeldahl nitrogen, total phosphorous, biochemical oxygen demand, chemical oxygen demand (COD), heavy metals and pathogenic bacteria (Collins et al., 2010;Tota-Maharaj & Scholz, 2010;Kuruppu et al., 2019). However, most researchers consider PPs to be ineffective at reducing NO3 -concentrationswhich were often found to be elevated in PP effluent (Kuruppu et al., 2019).

PURPOSE

Few studies have investigated the potential for removing NO3 -with the inclusion of a submerged zone within a PP structure to facilitate denitrification. Within this zone, denitrifying bacteria can convert NO3 - to produce nitric oxide (NO), nitrous oxide (N2O) and nitrogen gas (N2), which escape to the surrounding atmosphere. The efficiency of denitrification is dependent on numerous factors including: (1) detention time, (2) inclusion of a carbon source and (3) submerged (anoxic) depth (Kim et al., 2003). This study aimed to provide insight into how detention time, the inclusion of a carbon source (newspaper in this case), and submerged depth impact NO3 -, NH3 and PO4 3-removal with a view to improving PICP design.

METHOD

These research aims were achieved through a laboratory column study using ten column reactors that included a 1.5 m deep submerged (anoxic) zone and filled with 50-63 mm washed aggregate (Figure 1) and loaded with synthetic stormwater over four months. Five different detention times were evaluated (1, 2, 5, 10 and 'varied' days). Five columns were provided with newspaper, while the other five were not (Table 1). The newspaper was first torn into strips before it was packed into a 75 mm diameter uPVC pipe place centrally within each of Columns 1-5 so that the entire 1500 mm submerged depth was filled. The 'varied' days (Columns 5 and 10), with an overall mean detention time of 10 days, were subjected to drying and wetting cycles that mimicked Cape Town's rainfall patterns. The pollutant concentrations (NH3, NO3 -and PO4 3--the latter as an additional benefit) were measured at different submerged depths (300 mm depth intervals) of each column every 10 days. The pH, temperature, dissolved oxygen, and soluble COD concentrations present in each column were also measured to monitor submerged zone conditions.

RESULTS AND CONCLUSIONS

This study found that including newspaper and allowing for a mean 10-day detention can significantly improve NO3 -removal (41% and above) in PICP. Moreover, an increase in submerged depth beyond 300 mm did not further improve NO3 -removal. For example, Figure 2 shows that in Column 4 (with the highest NO3 -removal) the NO3 -removal relatively constant. Although there was an increase in NH3 concentrations with depth -due to nitrification being inhibited as oxygen levels decrease -they are still far lower than that of the influent. The 10-day mean detention periods provided an overall mean NH3 and PO4 3-removal of 74% and 33% respectively.

Figure 3 presents the distribution of the overall mean mass of nitrogen (%) in each column. Nitrogen compound 'X' represents nitrogen oxides such as NO, N2O and N2 which can escape to the surrounding atmosphere and are therefore assumed to be removed from the system. All columns removed between 41 and 72% of nitrogen from the influent synthetic stormwater. Although Column 4 with a 10-day detention provided the second highest overall mean nitrogen removal of 69%, it performed the best in terms of NO3 -removal. Column 5 indicates that an overall mean nitrogen removal of 59% is achievable in the field if PICP includes newspaper and has a mean 10-day detention. 

Figure 1 :

 1 Figure 1: Sectional view through a column (left); photo of a column (right)
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 23 Figure 2: Mean nitrogen species concentration as a function of submerged depth for Column 4

Table 1 : Detention time and carbon source for each column Detention time (days) With newspaper Without newspaper

 1 

	1	Column 1	Column 6
	2	Column 2	Column 7
	5	Column 3	Column 8
	10	Column 4	Column 9
	Varied (mean of 10)	Column 5	Column 10