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Are constructed wetlands a good solution for on-site wastewater treatment in France?

INTRODUCTION

On-site sanitation refers to systems used for the treatment of wastewater from individual houses. Almost 5 million of on-site wastewater treatment systems are listed in France representing 20 % of the national population.

Latest changes in French regulation for on-site sanitation have permitted the commercialization of new systems. These systems are based on known processes in wastewater treatment such as activated sludge systems or attached growth systems. Constructed Wetlands (CWs), widely used in collective sanitation, are also designed to treat domestic wastewater from houses.

An assessment of existing on-site sanitation systems began in 2011 to evaluate the efficiency of these systems. Between 2011 and 2017 more than 1200 data were collected from 220 existing on-site sanitation facilities which gather 30 constructors. In this article, only CWs from one constructor are analyzed, i.e. 120 data collected from 17 houses. Facilities are between 2 months and 4 years old and are designed for 5 or 6 PE.

The studied system is composed of two filters: one unsaturated vertical flow filter, divided into two beds fed alternatively every week and receiving raw wastewater and one horizontal flow filter.

METHODS

The organic load was not measured. Therefore, it has been recalculated based on the number of inhabitants, their activities (at home all day or outside) and the amount of pollution per person per day (COD). The loading rate is established from the nominal capacity.

The dataset obtained is heterogeneous; therefore, a statistical methodology (semi-parametric) has been implemented to compare systems with each other via an analysis of outlet concentrations of 6 parameters (TSS, COD, BOD 5 , NH 4 -N, NO 3 -N and TKN). The number of data varies for each facility. Thus, mean outlet concentrations are calculated with two possibilities: i) classically ii) weighted.

For each system, the sampling methods, the applied organic load and the aging will be analyzed if a minimum of 30 data per parameter is reached to carry out a reliable statistical analysis.

The fuzzy logic will be used to assess the maintenance level of each facility and its impact on outlet concentrations.

RESULTS AND DISCUSSION

The 1st stage of CW receives a low nominal organic load: 56 g COD/m²/d which is lower than the load applied in collective sanitation in France (300g COD/m²/d).

The design basis of the 2nd horizontal stage will be compared to international standards.

The average loading rate (based on COD) is 46%. The outlet concentrations were weighted per facility (Table 1). The outlet effluent has an excellent quality (mean), despite an incomplete nitrification (TKN: 21.4 mg/L). This article explains the data dispersion according to different explanatory variables such as the type of sampling, the applied organic load, the aging and the level of maintenance.

At first, a statistical analysis is realized on the distributions of the two types of sampling (punctual and b24h) for the 6 parameters studied. The statistical results have demonstrated that the two data sets are significantly different. Therefore, the analysis of organic loads and aging will be carried out on two separate sets of data. For each facility, the aging will be analyzed and the evolution of the different forms of nitrogen concentrations will be explained when possible.

CONCLUSIONS

Since 2011, nearly 3000 CWs for on-site wastewater treatment have been installed in France. This system has been approved by the French regulation, however, for health and safety reasons, it must be fenced permanently and equipped with a grid placed on the filter to avoid contact with raw wastewater and deposit on the first stage.

The 1st stage shows a safe design compared to collective sanitation in France and the system has great removal performances. Indeed, mean output concentrations of the 6 parameters studied are below regulatory thresholds found in collective sanitation in France.

The impact of explanatory variables on the outlet concentrations dispersion will be studied in detail on the dataset and conclusions should confirm the robustness of this system over time and its application for on-site sanitation.

Table 1 : Weighted concentrations of the 6 parameters analyzed on 17 CWs
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	Parameters	COD	BOD 5	TSS	TKN	NH 4 -N	NO 3 -N
	concentration	(mg/L)	(mg/L)	(mg/L)	(mg/L)	(mg/L)	(mg/L)
	Mean	64.7	8.9	7.8	21.4	16.0	24.4
	Min	30.0	5.0	2.0	1.2	1.0	0.7
	Max	153.0	34.5	26.6	47.5	40.0	65.6
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