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Understanding dry weather discharge quality by using smart dead-end ultrafiltration (DEUF) sampling technique Comprendre la qualité des rejets de temps sec à l'aide d'une technique intelligente d'ultrafiltration frontale (DEUF)

Pour comprendre le niveau de pollution des eaux pluviales urbaines, en particulier des rejets illicites par temps sec, cette étude a développé une unité d'échantillonnage low-cost utilisant l'ultrafiltration frontale (DEUF). L'unité DEUF est équipée d'un ultrafiltre communément utilisé, le REXEED 25S, d'un enregistreur de données low-cost, d'un débitmètre et d'un capteur 3 en 1 qui mesure la profondeur, la conductivité électrique et la température, ce pour surmonter les problèmes d'intermittence pendant l'échantillonnage et de turbidité élevée des rejets illicites de temps sec. La technique DEUF se fait en deux étapes : (1) pomper l'eau à travers l'ultrafiltre dès que le débit est détecté durant la période de déploiement et (2) rincer l'ultrafiltre avec 1 L d'éluant qui est ensuite testé pour d'autres analyses de la qualité de l'eau. Les résultats en laboratoire conduit avec des eaux pluviales semi-synthétiques indiquent que l'approche DEUF peut récupérer 60 % à 80 % des TSS et E. coli, environ 50 % des métaux hautement particulaires tels que le fer et le plomb mais fonctionne mal sur les polluants hautement dissous en raison de la taille des pores du DEUF sélectionné (5 à 10 nm) qui est beaucoup plus grande que la taille moyenne des polluants dissous. Les résultats du déploiement in situ mettent en évidence que le DEUF permet surveiller de manière adéquate le niveau de TSS et d'E. coli, et peut aussi être utilisé pour estimer la concentration moyenne d'autres polluants en utilisant les taux de récupération estimée en laboratoire. Outre son utilisation pour la détection et la surveillance des rejets illicites, la méthode DEUF peut également être utilisée pour d'autre type de surveillance telles que la surveillance des virus émergents dans les eaux usées.

ABSTRACT

To understand the pollution level of urban stormwater, especially of dry weather illicit discharges, this study developed a low-cost dead-end ultrafiltration (DEUF) sampling unit by using the widely available REXEED 25S ultrafilter. A low-cost data logger, a flow meter, and a depth, electrical conductivity, and temperature 3-in-1 sensor are integrated with the sampling unit to overcome the potential issues associated with intermittent sampling and high turbidity dry weather illicit discharges. The DEUF sampling consists of two steps: (1) pumping the source water through the DEUF while flow is detected over the deployment period and (2) backflushing the DEUF with 1L of elution buffer. The lab testing results based on semi-synthetic stormwater indicate that the DEUF approach can recover 60%-80% of TSS and E. coli, around 50% of highly particulate metals such as iron and lead and performs poorly on highly dissolved pollutants which is because that the 5-10 nm pore size of the selected DEUF is much larger than the average size of dissolved pollutants. The in-situ deployment results highlight that the DEUF can adequately monitor the level of TSS and E. coli, and can still be used to estimate the time-averaged concentration of other pollutants by using the recovery efficiency determined from the lab tests. Apart from using the DEUF sampling approach for illicit discharge detection and monitoring, the method also has a great potential for the monitoring of other water sources such as wastewater surveillance of emerging viruses.
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INTRODUCTION

Urban drainage discharges, in general, consist of surface runoffs occurred from wet weather rainfall events, and dry weather discharges originated from illicit discharge sources such as cross-connections, industrial dumping or surface wash water (Brown et al., 2004;Sartor and Boyd, 1972). These discharges convey high level of pollutants including sediments, nutrients, heavy metals, and pathogens to the downstream waterways, which not only having negative impact on the ecosystem, but also threatening human health (Makepeace et al., 1995;Soller et al., 2015). Since surface runoff is always occurred when the rainfall amount is greater than a certain threshold, common sampling methods including grab, automated, and integrated techniques all can be adequately used to understand the fate and dynamics of pollution levels (Harmel et al., 2010). But for urban illicit discharges which could be randomly occurred across the catchment without continuous flow, it will be extremely hard for field crews to successfully capture the discharge event at the right time and the right place by taking manual grab samples (Panasiuk et al., 2015). By considering the cost and the size of portable autosamplers, it is also not feasible to widely install many of them in one catchment for the purpose of understanding dry weather discharge quality. As such, this study aims to develop a cost-effective sampling method which can successfully monitor the concentrations of sediments, nutrients, heavy metals, and pathogens in dry weather intermittent discharges.

METHODOLOGY

Dead-end Ultrafiltration (DEUF) concept and the corresponding lab test

The DEUF approach is a large-volume sampling technique that captures the pollutants in its cartridge by actively pumping the targeted water through (Hill et al., 2005); the total loads are then determined by backwashing the captured pollution in a sample bottle and conducting chemical and microbial assays. Asahi Kasei REXEED 25S (2.5 m2 filter area and ~30 kDa pore size), as a common type of DEUF widely used for recovering microbes and viruses from potable and environmental water (Mull and Hill, 2012), was selected to be further examined for its performance on recovering other typical stormwater pollutants. To understand the recovery efficiency, seven individual DEUFs were tested by concentrating pollutants from synthetic stormwater with typical urban surface runoff contaminant levels (Figure 1 

A smarter portable DEUF sampling module by integrating with a microcontroller and a low-cost sensor

In the past, DEUF was only used for large volume water sampling with continuous water input. But for concentrating pollutants from intermittent flows, using a simple pump unit to continuously pump water through the DEUF will generate high internal pressure when large volume of air is trapped inside the DEUF membrane.

To overcome such an issue, an Arduino-based microcontroller unit and a low-cost water sensor for measuring the level, conductivity, and temperature, are used to only trigger the pump to start when flow is detected in the targeted drain (Figure 2(a)). On top of that, in order to successfully estimate the time-weighted average concentrations, the total sample volume is measured by a low-cost digital flow meter which can be pre-calibrated to achieve an adequate accuracy. All the components were stored in a consumer-grade cool box with a 12V battery to conduct smart urban drainage monitoring at the source drain where abnormal dry weather flow occurs (Figure 2(b)). In total, the portable DEUF module was deployed at nine different locations and each with at least four 24-hour deployment duration. Two grab samples were collected from each deployment, one on the day of installation, and another one on the day of retrieving to compare the results with DEUF.

RESULTS AND DISCUSSION

By conducting lab test with synthetic stormwater, the results indicate that using elution solution with 0.05% Tween 80 and 0.001% Y-30 anti-foam and switching between the side cap (permeate cap) and the top cap to backwash the cartridge had the best recovery efficiency on all pollutants. Figure 3(a) summarise the results of seven individual tests and indicates that the DEUF large-volume water sampling method can successfully recover 60%-80% of TSS and E. coli from typical urban stormwater. The DEUF could only recover around 50% of highly particulate metals including aluminium, iron, and lead. As expected, the method performed poorly on recovering highly dissolved pollutants including nutrients, copper, nickel, and zinc. This is because REXEED 25S ultrafilter has a pore size of 30 kDa, roughly around 5-10 nm, which only makes it capable of concentrating most viruses, all bacteria, sediments, and other pollutants that are associated with particles. However, for metal ions, aqueous salts, and dissolved nutrients with a relative size of 0.1 to 1 nm, the DEUF is unable to capture them. Although when DEUF is used in the field, the time-weighted average concentrations of studied pollutants can be estimated based on the recovery efficiency found in the lab, the results clearly indicate that only TSS and E. coli could be reported with high confidence.

As an example, Figure 3(b) shows that E. coli concentrations of both DEUF and grab sampling methods at each field trial site. By comparing DEUF with grab sample results, 83.8% of all trials demonstrated that the difference was within one order of magnitude. For example, events from IND12 and RC02 had their DEUF's E. coli concentrations aligned well with that of grab samples, which could be caused by the steady E. coli levels in the source water over the entire sampling time. The DEUF E. coli concentrations were also found either significantly higher or lower than the level of grab sampling results. For the trials with DEUF higher than grab samples such as the second event of IND14, it is highly possible that the illicit discharges were occurred outside the time both grab samples were taken. In other words, only the DEUF captured the illicit discharge, but the result was highly diluted by other clean flows. On the contrary, when both grab sample concentrations were higher than that of DEUF (e.g., 4th event of IND07 and 2nd event of RC05), it indicates that the grab sample was taken during the peak hours, but the DEUF averaged the result with less polluted flow during non-peak hours. Overall, the DEUF sampling method can adequately monitor the time-weighted averaged concentration of E. coli by directly deploying the module at the field, which capture potential illicit discharge events that cannot be captured by grab sampling method.

  (a)). Each DEUF was backwashed with different solutions and methods to understand the potential impact on the performance (Figure 2(a)). To estimate the recovery efficiency of each test, the pollution concentrations of source water (IN), outflow water (NL), backwashed sample (RS), and the total sampled volume of each DEUF were analysed or recorded.

Figure 1 .

 1 Figure 1. Schematics of DEUF setup for (a) concentrating the pollution from source water samples, and (b) backflushing for pollution recovery.

Figure 2 .

 2 Figure 2.(a) the schematic drawing of portable DEUF module for field monitoring purpose, including the DEUF, peristaltic pump, microcontroller, digital flow meter and low-cost sensor; and (b) the field installation of a DEUF module stored in an eskies

CONCLUSION AND FUTURE WORK

The DEUF sampling technique was successfully integrated with low-cost sensors and microcontrollers, which makes it smart enough to automatically determine when to start and stop sampling. Instead of performing well for all targeted pollutants, DEUF method demonstrated robust performance on recovering TSS and E. coli, which is capable for the detection of wastewater related sources in the drainage network. In terms of other pollutants, the DEUF approach could still quantify the concentration, especially the dissolved proportion, based on the lab recovery efficiency test.
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