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Details of the Domestic WWTPs
In WWTP 1, which serves approximately 60,000 population equivalents (p.e.) and primarily treats communal (urban) wastewater, mechanical treatment begins with screening to remove coarse solids. In the subsequent aerated grit chamber, the flow velocity of the wastewater is reduced, allowing grit and heavier materials to settle. The collected materials are dewatered and stored in a landfill. The primary clarifier functions as a settling tank, where lighter substances such as fats and oils rise to the surface and are removed by scrapers. These materials are then pumped into the digester as a sludge mixture, which is thickened by dehydration. Biological treatment takes place in five adjacent aeration tanks consisting of aerated and non-aerated sections. The activated sludge settles at the bottom of the two secondary clarifiers, from which it is partly returned to the aeration system as return sludge. The remaining excess sludge is mechanically pre-dewatered in the thickener before being fed into the digester.
[image: Luftbild Zentralklärwerk Eschwege]
Fig SI.1. Ariel photograph of domestic WWTP1.
In WWTP 2, which serves approximately 60,000 population equivalents (p.e.) and primarily treats domestic wastewater, mechanical treatment is performed using screens, grit chambers, and primary clarification. Biological treatment occurs in two aeration tanks with upstream denitrification, followed by secondary clarification. Phosphate removal is achieved simultaneously in the aeration tanks through chemical precipitation. The plant treats an annual wastewater volume of approximately 3 million m³.
[image: Ein Bild, das Schwarzweiß, Armaturenbrett enthält.

KI-generierte Inhalte können fehlerhaft sein.]
Fig SI.2. Ariel photograph of domestic WWTP2.
In WWTP 3, which serves approximately 28,000 population equivalents (p.e.) and treats a mixture of 60% communal wastewater and 40% industrial wastewater (from the chemical industry), mechanical treatment begins with an 8 mm automatic screen system followed by a grit trap located downstream of the screen. In the primary clarifier, lighter particles float to the surface and are collected in a storage tank, from which they are pumped into the digester for further treatment. Biological treatment is carried out in a two-lane aeration system, where each aeration tank is equipped with independent measuring and control devices for oxygen, temperature, pH, ammonium nitrogen, nitrate nitrogen, and phosphate. From the aeration tanks, the mixed liquor flows into the secondary settling tank, allowing the activated sludge to settle and separate from the treated water. A portion of the settled sludge is returned to the aeration tanks as return sludge, while the excess sludge is pumped to the excess sludge thickening unit. The excess sludge is mixed with a polymer to promote solid-liquid separation. The separated water is returned to the aeration tanks, and the thickened sludge is fed into the digestion tower, which has a capacity of 1,200 m³ and features external circulation. During digestion, raw and excess sludge produce sewage gas, which is utilized in a combined heat and power (CHP) plant. The CHP system covers most of the plant’s electricity demand and supplies heat to both the digester and the operating building. Additionally, the generated sewage gas is used to continuously meet the base-load electricity demand, while the CHP subsidy provides revenue for the electricity consumed on-site and, for electricity fed into the public grid.
[image: Ein Bild, das Luftbild, Luftfotografie, Vogelperspektive, Städtebau enthält.

KI-generierte Inhalte können fehlerhaft sein.]
Fig SI.3. Ariel photograph of domestic WWTP3.
Details of the  Industrial Wastewater Treatment Plants
In WWTP 4 (fibres), which serves approximately 350,000 population equivalents (p.e.) and treats starch production wastewater with 5% municipal (urban) influent, primary treatment includes anaerobic digestion combined with four-lined preliminary flotation units. Biological treatment consists of high-load treatment units operating in nitrification mode, followed by eight low-load treatment units functioning in intermittent denitrification/nitrification mode. The treated wastewater then passes through two secondary settlers, where the activated sludge is separated from the effluent.
[image: Ein Bild, das Maßstabsmodell, Screenshot enthält.

KI-generierte Inhalte können fehlerhaft sein.]
Fig SI.4. Ariel photograph of Industrial WWTP4.
In WWTP 5 (papermill), which serves approximately 100,000 population equivalents (p.e.) and treats papermill production wastewater with 10% communal influent, mechanical treatment includes a grit chamber. The biological treatment is carried out in a two-line setup with primary settlers and thickeners for primary sludge, followed by anaerobic pretreatment and subsequent aerobic treatment and settling in four sequencing batch reactors (SBRs). The secondary sludge is dewatered using screw presses and subsequently digested, while the plant operates CHP plants to supply energy and heat for the treatment processes.
[image: Ein Bild, das Text, Karte, Diagramm, Plan enthält.

KI-generierte Inhalte können fehlerhaft sein.]
Fig SI.5. Ariel scheme of the industrial WWTP5.


Fig SI.6. (a, b) Scatter plot of MP width versus height; size distribution of individual particles detected, and (c, d) aspect ratio distribution of different MPs detected in the influent and effluent of domestic WWTP2.


Fig SI.7. (a, b) Scatter plot of MP width versus height; size distribution of individual particles detected, and (c, d) aspect ratio distribution of different MPs detected in the influent and effluent of domestic WWTP3.


Fig SI.8. (a, b) Scatter plot of MP width versus height; size distribution of individual particles detected, and (c, d) aspect ratio distribution of different MPs detected in the influent and effluent of industrial WWTP4.


Fig SI.9. (a, b) Scatter plot of MP width versus height; size distribution of individual particles detected, and (c, d) aspect ratio distribution of different MPs detected in the influent and effluent of domestic industrial WWTP5.

Table SI. 1. Sample compositions used to optimize the aggregation of polystyrene microplastics. The water content was fixed at 6 mL for all samples, while the polystyrene (PS) and Nanofloc® (NF) concentrations were systematically varied.
	S. Label
	PS  
	NF content

	a1
	[bookmark: _Hlk213174318]2.60 × 10-4
	 10 L

	[bookmark: _Hlk213174395]a2
	5.21 × 10-4
	 20 L

	a3
	7.80 × 10-4
	 30 L

	a4
	[bookmark: _Hlk213174522]1.04 × 10-3
	 40 L

	a5
	1.30 × 10-3
	 50 L



Supplementary Video: S. Video 1
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