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When the shit hits the screen: comparison of low-tech and high-tech methods for the detection of illicit connections Comparaison des méthodes low-tech et high-tech pour la détection des raccordements inversés
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Les raccordements illicites des eaux usées aux égouts pluviaux et des eaux pluviales aux égouts infects sont le principal inconvénient des systèmes d'égouts séparés. La détection de ces connexions illicites a reçu beaucoup d'attention dans la littérature et de nombreuses méthodes ont été développées. Relativement peu de chercheurs ont comparé une gamme de méthodologies à un seul cas et encore moins ont effectué des tests pour prouver la suppression des connexions illicites identifiées. Dans la municipalité de Breda, nous avons mené des recherches dans le bassin versant De Heuvel. Dans le projet, nous avons utilisé quatre méthodes de détection des connexions illicites : des écrans simples pour la détection des solides sanitaires, des capteurs de conductivité, une détection de température distribuée avec analyse automatisée des données et des analyses Bacteroides d'échantillons instantanés à l'aide d'un qPCR mobile. Après détection des raccordements illicites, la municipalité a supprimé les raccordements illicites et nous avons appliqué des tests post-retrait. Les résultats montrent que des connexions illicites importantes, c'est-à-dire des connexions domestiques latérales mal connectées, peuvent être identifiées avec toutes les méthodes, tandis que par ex. une machine à laver mal connectée ne pouvait être détectée qu'à l'aide de DTS.

INTRODUCTION

Illicit connections of wastewater to storm sewers pose a threat to the aquatic environment due to the untreated discharge of sewage containing nutrients, pathogens, gross solids, organic micropollutants and microplastics. Consequently, detection and restoration of illicit connections has received a lot of attention in literature, see e.g. Tuomari & Thompson (2004). Several methods have been proposed in literature to detect illicit connections, using either passive techniques, which rely on detecting parameters of the sewage discharged into the storm sewer, or active techniques, such as smoke testing or tracer tests, which rely on determining the presence of a physical connection of a sewage discharge point to the storm sewer. To compare the performance of several of these methods under identical conditions, we have applied a range of techniques in one catchment in Breda, the Netherlands simultaneously. In addition, we have repaired (most of) the illicit connections that we found and have performed a post repair test for some of the techniques.

MATERIALS AND METHODS

Study approach and applied methods

We have applied in parallel four different methods for the detection of illicit connections to a single catchment, removed (most of) the illicit connections and did a post repair test. The analyses of the data per method were done independently by different researchers to avoid any bias in the interpretation of the data. The illicit connections are classified using the classification system given in table 1. The used methods are:

• Installation of chicken wire screens in manholes. The screens are positioned in such a way that any flow during dry weather has to pass the screen, while storm runoff could top the screen in order to avoid flooding.

The screens are installed in the sewer on a wooden beam, see figure 1. The screen is regularly (every week) visually checked for the presence of sanitary gross solids.

• Installation of conductivity sensors on the same wooden beams. Conductivity monitoring has been demonstrated to be capable of detecting illicit connections to storm sewers (Shi et al., 2022).

• Distributed temperature sensing (DTS), see e.g. Nienhuis et al., 2013 andHoes et al., 2009. DTS uses fibre optic cables along the entire length of a storm sewer. The method yields temperature data every 12,5 cm along the cable for every 30 seconds. Locations with temperature anomalies (e.g. locally sudden temperature increases due to the discharge of warm wastewater) are generally associated with illicit connections. We have applied the DTS, like the screens and EC sensors, for 2 months. We used our earlier developed automated data analysis algorithms.

• Mobile qPCR for monitoring human specific faecal markers (Bacteroides HF183). We analysed grab samples from ~22 storm sewer manholes, and 3 locations in the receiving surface water. These samples were collected on four subsequent days both prior to (25-28 November 2019) and after (19-22 September 2022) detection and removal of the illicit connections. 

Research area

The research took place in the storm sewer of catchment De Heuvel in the municipality of Breda, the Netherlands. The catchment was selected based on a quick scan inventory of all separated sewer systems of Breda, during which manhole covers were opened for visual inspection. In one of the manholes in De Heuvel faecal material was observed, rendering the catchment a good testcase for comparison of methods for illicit connections. The catchment is a residential area of 15 ha with 3,37 km of storm sewers discharging to a local pond in the southern part of the catchment, see figure 3.

RESULTS AND DISCUSSION

All methods identified the presence of one of multiple illicit connections. Figure 1 shows the sanitary material found on one of the screens (installed at manhole 7, see figure 3). This screen was capable of detecting the main 'hot spot', being the result of a category 1 illicit connection further upstream around manhole 8. The other screens in the catchment yielded no results. The findings of the screens were confirmed by the findings of the EC sensor (not shown in this abstract).

Figure 1. Left: screen and EC sensor prior to installation. Right: screen packed with toilet paper and sewage (installed at manhole 7)

The DTS data confirmed the category 1 illicit connection (and identified its source to be around manhole 8) and detected in addition several locations with category 2 and 3 illicit connections. The detected locations have been verified by tracer testing individual house connections and illicit connections have been resolved afterwards.

Only the category 2 illicit connection (including toilet water) near manholes 2 and 3 has NOT been repaired. Figure 2 gives some examples of illicit connections found.

Figure 2. Left: category 3 -washing machine connected to storm water pipe. Right: category 2 -wrongly connected house connection Figure 3 gives an overview of the illicit connections found with DTS, in relation to the qPCR results. The category 1 illicit connections around manhole 8 (entire wrongly connected apartment block, also detected by the screen in figure 1) gives high Bacteroides concentrations in the manhole, as well as in the downstream route towards the receiving water (manholes 7 and 6, and surface water location B). Also, positive samples are found occasionally in the vicinity (e.g. manholes 16, 19), which may be the result of movement of the water in the sewer in other directions. After repair work, nearly all samples in the area are negative for Bacteroides. The failure to repair the category 2 illicit connection near manhole 3 is also shown in the qPCR results: all samples from this manhole in both 2019 and 2022 are positive (as well as some samples from neighbouring manholes 1, 2, 4 and 5). The results suggest that repeated qPCR testing of grab samples can indicate the presence of illicit connections as long as these contain faecal material from toilets. The category 3 illicit connections between locations 11 and 12 (without toilets) were not confirmed by the qPCR, as these illicit connections were all attributed to individual household appliances. 

CONCLUSIONS

The results of the project show that all four tested methods for detection of illicit connections are able to detect a category 1 hotspot, which consisted of a wrongly connected apartment block. The simple screen and EC sensor failed to identify other illicit connections. DTS was also capable of identifying wrongly connected household appliances, mainly washing machines. qPCR testing for Bacteroides HF183 is very effective in determining the presence of human faecal material in a storm sewer. As such, qPCR testing could be used as a pre-screening method prior to the more costly and elaborate DTS method.

Figure 3 .

 3 Figure 3. Overview of catchment De Heuvel. Red, orange and yellow dots indicate the confirmed presence of illicit connections category 1-3. Boxes with blue dots give results of qPCR Bacteroides tests prior to removal of illicit connections (top) and after removal of illicit connections. The size of the dots indicate the order of magnitude of the concentration values.

Table 1 .

 1 Categorization of illicit connections

	Category	Description
	1	Connection between public foul and storm sewers. All sewage of multiple households / enterprises
		discharged to the storm water system.
	2	Single house connection of foul water connected to storm water sewer. All sewage of individual
		household / enterprise discharged to the storm water system.
	3	Falsely connected household appliance only. Example: laundry machine connected to rainwater
		downpipe. No toilet wastewater.
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