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S1 Supplementary Materials and methods 

S.1.1 Sampling sites:  Background information on collected samples 

Tab. S1: Analysed volume/mass of water and sediments (wet and dry weight) and sediment densities for each sampling site along the Elbe river 

Site (abbreviation) Water samples  Sediment samples 

Filtered water 
volume [m³] 

 Wet weight of 
total sample [g] 

Dry weight of 
total sample[g] 

Dry weight of 
sediment 

fraction 20–
125µm [g] 

Sediment 
density  
[g cm-3] 

Volume of total 
(dry) sample 

[m³] 

Wittenberg (WB) 6.2  1,200 576 63.4 2.16 0.000267 
Dessau (DS) 3.2  213 

(2,500)* 
85.2 

(1,000)* 
n.a. 

(97.6)* 
1.42 
1.42 

0.000704 
0.000060 

Havelberg (HB) 32.7  1,100 385 125.9 1.82 0.000212 
Wittenberge (WE) 12.1  1,000 520 33.3 2.34 0.000222 
Dömitz (DM) 3.7  1,500 570 152.2 2.14 0.000266 
Geesthacht (GH) 12.5  1,066.7 

(803)* 
326.4 

(266)* 
n.a. 

(62.0)* 
1.97 
1.97 

0.000166 
0.000135 

Elbstorf (ET) -  623.5 
(364)* 

257.5 
(161)* 

n.a. 
(41.0)* 

2.18 
2.18 

0.000118 
0.0000739 

Hafenstraße (HS) 14.8  1,128.9 949.4 54.6 2.54 0.000374 
Lühemündung (LM) 15.8  2,641 1,357.5 709.9 2.24 0.000606 
Hollerwettern (HW) 10.7  1,000 780 14.1 2.63 0.000297 
Vogelsand (VS) 16.4  1,020 847.62 7.9 2.39 0.000355 
 

* The sediment fraction 20–125 µm from Dessau, Geesthacht and Elbstorf were lost in the first wet-sieving process and therefore wet-sieving was repeated with a 
second sample to obtain the 20–125 µm fraction. Numbers in brackets refer to wet and dry weights from the second wet sieving. Wet and dry weights without brackets 
instead refer to the first wet-sieving from which the sediment fraction 125–5,000 µm was obtained and further processed. n.a. = not analyzed 
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S1.2 MP extraction from sediment samples  

Microplastic (MP) extraction from the Elbe sediments included four processing steps: (I) Dry 

weight analysis, (II) Wet sieving, (III) Density separation and (IV) Acid digestion. The extracted 

MPs were identified and characterised (V) via visual sorting, Attenuated total reflection-Fourier-

transform infrared spectroscopy (ATR-FTIR) and pyrolysis GC-MS (pyr-GC-MS, Fig. S1). 

 

 
Fig. S1: Overview of the MP extraction methodology 

 
(I) Dry weight determination 

Dry weight content was quantified for each sediment sample by drying a subsample of 200 g 

(WW) over five days (d) at 55 °C and weighing the samples afterwards again. The ratio of dry 

weight to wet weight equalled the dry weight content [%]. 

 

(II) Wet sieving 

MP extraction was facilitated by separating the sediment samples into following size classes 

using wet-sieving: < 20 μm, 20–63 μm, 63–125 μm, 125–500 μm, 500–1,000 μm and > 1,000 µm. 

The very fine particle fraction (< 20 µm) was discarded. For wet-sieving, we used a vibratory 

sieve shaker (Retsch Technology, AS 200 basic, vibration intensity: 80 %) with five stacked 

sieves (Retsch Technology, Test Sieve ISO 3310-1, ø: 200 mm, height: 50 mm, pore size: 20, 63, 

125, 500, 1,000 μm). Throughout the sieving process, the sample was washed with distilled 

water until the run-off water appeared to be particle-free. Depending on the percentage of tone 

and silt, wet-sieving time ranged from 20 to 80 min.  

The resulting sieve retentions were rinsed off with distilled water into 500 mL beakers and 

united in following three fractions: 20–125 μm, 125–1,000 μm and > 1,000 µm. The sediments 

> 1,000 µm were directly transferred on glass microfibre filters (GE Healthcare Life Sciences, 

Whatman, GF/D Cat. No. 1823-047, diameter: 47 mm, pore size: 2.7 µm), while all other fractions 
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were stored in beakers at 4°C in the dark until further processing. Particles > 5,000 µm were not 

included. 

 
(III) Density separation with the Munich Plastic Sediment Separator 

The volume of the 125–1,000 µm sediment fraction was further reduced by ZnCl2 density 

separation in a replicate of the stainless-steel Munich Plastic Sediment Separator (MPSS, Fig. S2, 

Imhof et al. 2012). 

 

 
 
Fig. S2: Replica of the Munich Plastic Sediment Separator (MPSS) originally published by Imhof et al. 
(2012). Overview of the MPSS (A), sediment chamber (B), dividing chamber and filtration unit attached to 
the standpipe (C), interior of the sediment chamber (D), standpipe (E), dividing chamber (left) and 
filtration unit (right) which are connected by a bayonet joint (front, F). 

 

For density separation, the sediment chamber (ø: 30 cm, height: 25 cm) of the MPSS was filled 

with ZnCl2 solution (ρ = 1.6–1.8 g cm-3) and the wet-sieved sediment sample (125–1,000 µm). 

After attaching the standpipe (øbottom end: 30 cm, øupper end: 10.4 cm, height: 50.9 cm) as well as the 

dividing chamber (height: 23.1 cm), the system was further filled with ZnCl2, until the sample 

chamber was almost completely loaded with ZnCl2 (approximately 38 L). Finally, the filtration 

unit with the filter holder was attached to close-off the system. The filter holder was equipped 

with a glass microfibre filter (GE Healthcare Life Sciences, Whatman, GF/D Cat. No. 1823-047, 
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diameter: 47 mm, pore size: 2.7 µm) to allow direct and contamination-free filtration of the 

sample in the sample chamber after density separation. 

The solution of ZnCl2 and sediments was stirred for 3 h (14 rpm) by a rotor with an external 

control unit (Siemens, Sinamics G110) at the bottom of the sediment chamber, followed by a 

24 h resting phase. Then, the dividing chamber was closed off, rotated 180° degrees and 

attached to a vacuum filter flask to filter off the retained ZnCl2 solution. The remaining ZnCl2 in 

the sediment chamber and standpipe was removed and recycled for reuse by vacuum-filtrating 

through a glass microfibre filter (VWR, Type 696, Cat. No. 516-0879, size: 125 mm, pore 

size: 1.5 μm).Due to hydrophobicity, MPs also attached to the interior of the standpipe and the 

dividing chamber. Therefore, the inner surface of the standpipe and the dividing chamber were 

rinsed with distilled water and the rinse water was also vacuum filtrated on glass microfibre 

filters (GE Healthcare Life Sciences, Whatman, GF/D Cat. No. 1823-047, diameter: 47 mm, pore 

size: 2.7 µm) for further analysis. 

Due to a limited sediment quantity for the sampling site DS, density separation was performed in 

a 2 L separating funnel instead of the MPSS to minimise particle loss. After intensively mixing the 

sediment with ZnCl2, the solution remained in the separating funnel for 24 h before the 

deposited particles were removed and the remaining sample was transferred on glass 

microfibre filters (GE Healthcare Life Sciences, Whatman, GF/D Cat. No. 1823-047, diameter: 

47 mm, pore size: 2.7 µm). 

 
(IV) Acid digestion 

After density separation, the organic content in the separated samples was further reduced by 

acid digestion. Samples were transferred from the glass microfibre filters into 500 mL Schott 

bottles with 50–200 mL of a 10:1 mixture of 30 % H2O2 and 10 % H2SO4. The acid solutions were 

incubated for 5 d at 55 °C on an orbital shaker and afterwards filtered on glass microfibre filters 

(GE Healthcare Life Sciences, Whatman, GF/D Cat. No. 1823-047, diameter: 47 mm, pore size: 

2.7 µm). Filters were stored in covered Petri dishes at 4 °C until being analysed. 

 

S1.3 Determination of Elbe sediment densities 

The volume of the sediment samples was calculated based on its mass and densities. Sample 

densities were determined by weighing in up to 90 g of dried sediment into volumetric flasks 

(100–500 mL) and filling up the remaining volume with ultrapure water. We allowed sediments 

to settle and air bubbles to escape before we filled up the flask to the gauge mark. Densities were 

calculated as: 

Density [kg/m³] = (Sediment mass [kg]) / (Flask volume [m³]–Volume of ultrapure water [m³]) 
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S1.4 Details on ATR-FTIR analysis 

We identified a subsample of the visually identified tentative MPs by ATR-FTIR spectroscopy 

(Spectrum 2 with software: v10.03.09, Perkin Elmer, Waltham, MA, USA). Spectra were acquired 

with the range set to 450–4,000 cm-1 (resolution: 4 cm-1, total number of scans: 4, peaks 

referring to CO2 and H2O were suppressed). Resulting spectra were compared to a self-prepared 

reference data base which included spectra of the most common polymer types (PE-LD, PE-HD, 

PE-X, PP, PS, PVC, PET, PMMA, ABS, PA, PU). 

Acid digestion is able to change the chemical surface of MPs. Therefore, we could not exclude the 

possibility that acid digestion had changed the surface characteristics of the tentative MP 

particles in our sediment samples. Therefore, we added also spectra of the “digested form” of the 

reference polymers to the spectra data base. Digestion was performed in an equal way 

compared to the sediment samples (10:1 mixture of 30 % H2O2 and 10 % H2SO4, 5 d, 55 °C; 

compare S1.2). 

 

S1.5 Details on pyrolysis GC-MS methodology 

S1.5.1 Pyrolysis GC-MS analysis of the MP content in the Elbe sediments 

For quantification of the polymers, characteristic pyrolysis products were monitored. These 

indicator compounds were specific for the certain polymer (Tab. S2). For the coarser sediment 

fraction (ground filters with the 125–1,000 µm sediment fraction), 1 g of sediment sample was 

weighed and for the fine sediment fraction (20–125 µm), the entire sample was used. Extraction 

was done using 10 mL extraction cells and an ASE-350 (Dionex, Sunnyvale, CA, USA). After a pre-

extraction with methanol, the polymers were extracted using tetrahydrofuran at 185 °C and 

100 bar (Dierkes et al. 2019). Extracts were collected in 60 mL vials containing 200 mg calcined 

silica gel (600 °C, 2 h). After extraction, 10 µL of Polystyrene-d5 (270 µg mL-1 in 

dichloromethane) were spiked as internal standard and the solvent was subsequently 

evaporated. The silica gel was ground and 20 mg weighed into a pyrolysis cup. Pyr-GC-MS 

analysis was performed using a Multi-Shot Pyrolyzer (Frontier Laboratories, Saikon, Japan) and 

an Auto-Shot Sampler (Frontier Laboratories, Saikon, Japan) at 600 °C. The pyrolyzer was 

attached to an Agilent 7890B gas chromatograph (Santa Clara, CA, USA) equipped with an Ultra 

ALLOY UA-5(MS/HT) metal capillary separation column (Frontier Laboratories, Saikon, Japan). 

Column dimensions were 30 m length, 250 µm inner diameter and 0.25 µm film thicknesses. 

Chromatographic separation was performed by the following temperature program: hold at 
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40 °C for 2 min, increased with 20 °C min-1 to 320 °C and hold for 13 min. For detection, an 

Agilent MSD 5977B in scheduled selected ion monitoring (SIM) modus was used. 

Tab. S2: Indicator compounds and selected ions (a = used for quantification) 

Polymer Pyrolysis product Indicator ion tR [min] 

Polypropylene 2,4-dimethylhept-1-ene 126a 

70 

4.89 

Polyethylene 1,14-Pentadecadiene 81a 10.29 

Polyethylene 1-Pentadecene 97a 10.32 

Polystyrene Styrene 104a 

91 

5.54 

Polystyrene d5 styrene-d5 109a 5.50 

 

A calibration standard was produced for each analysed polymer type (PE, PP, PS) by diluting the 

polymers in calcined sea sand (600 °C, 1 h) as inert matrix. For that, the polymers were ground 

in a cryomill (Retsch, Haan, Germany) into a fine powder. Approximately 30 mg of each polymer 

were exactly weighed in and the mixture of polymers was hence mixed with 10 g calcined sea 

sand (ChemSolute, No. 804.9025). This polymer/sand mixture was homogenised in a planet mill 

(Fritsch, Idar-Oberstein, Germany). To obtain calibration curves, the stock mixture was serial 

diluted in sand by mixing 1–2 g mixture and 8–9 g sand, respectively. The mixture was 

homogenised in a planet mill (Fritsch, Idar-Oberstein, Germany) after each dilution step. 

Calibration ranged from 0.005 to 10 mg polymer g-1 sand. Calibration samples were analysed in 

the same way as the other samples. Calibration curves were fitted by the Mass Hunter 

Quantitative Analysis tool (Agilent, Santa Clara, CA, USA) using 1/x weighting. Pyr-GC-MS results 

on the MP content in the Elbe sediments are summarized in chapter S2.3. 

 

S1.5.2 Pyrolysis GC-MS analysis of the MP spheres collected at Dessau 

Selected spheres from the water phase of a sampling campaign in Dessau (2019) were placed 

into a cup and flash pyrolyzed at 600°C using the same method as described in S1.5.1. Mass 

spectrometer was operated in full-scan mode (45–500 amu). Results for the pyr-GC-MS analysis 

of the MP spheres collected at the site Dessau are included in chapter S2.4.
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S2 Supplementary Results 

S2.1 Quality controls 

S.2.1.1 Quality controls for the visual MP analysis of the water samples 

The three processing blanks from the water sample analysis contained in average 3.67 (~4) 

tentative MP particles of which 81.82 % were fibres and 18.18% fragments. The majority of the 

particles were black (45.45 %) and blue (36.36 %). The corresponding sorting blanks included 

in average 2.33 (~2) MP particles (only black (71.43 %) and blue (28.57 %) fibres). 

 

S.2.1.2 Quality controls for the visual MP analysis of the sediment samples 

The three processing blanks for the sediment samples obtained in average 23.33 (~23) tentative 

MP particles (80.77 % fibres, 17.95 % fragments and 1.28 % foils). The most dominant colours 

were blue (48.72 %) and grey (21.79 %). MP abundance on sorting blanks for the sediment 

samples varied between 0 and 13 tentative MP particles (detailed results in Tab. S3). Particles 

on the sediment sorting blanks were mostly fibres (94.59 %; fragments: 4.05 %, foils: 1.35 %). 

The most common MP colours on the sorting blanks were blue (51.35 %), grey (18.92 %), 

transparent (9.46 %), purple and red (both 5.41 %). 
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S.2.2 Tentative MP in the water and sediment samples (visual analysis) 

S.2.2.1 Summary of tentative MP abundances, particles shapes and size distributions  

Tab. S3: Abundance and shape of tentative MP (water: 150–5,000 µm, sediment: 125–5,000 µm) in the water and sediment samples of the Elbe, n.a. = not analysed. For 

site abbreviations, see Tab. S1. 

  WB DS HB WE DM GH ET HS LM HW VS 

Water phase 

Total counts 40 43 137 106 55 17 n.a. 76 21 65 24 

Processing blank 4 4 4 4 4 4 n.a. 4 4 4 4 

Sorting blank 2 2 2 2 2 2 n.a. 2 2 2 2 

Blank-corrected counts 34 37 131 100 49 11 n.a. 70 15 59 18 

Concentration [MP m-3 
water] 

5.48 11.56 4.01 8.26 13.24 0.88 n.a. 4.73 0.95 5.51 1.10 

Fibres [%] 52.50 39.53 25.55 40.57 40.00 58.82 n.a. 32.89 52.38 60.00 62.50 

Fragments [%] 32.50 18.60 37.96 21.70 32.73 17.65 n.a. 18.42 9.52 10.77 29.17 

Spheres [%] 10.00 32.56 24.82 20.75 23.64 11.76 n.a. 36.84 23.81 18.46 0.00 

Foils [%] 5.00 9.30 11.68 16.98 3.64 11.76 n.a. 11.84 14.29 10.77 8.33 

Sediment 
phase 

Total counts 535 1389 678 191 1330 488 103 74 96 45 36 

Processing blank 23 23 23 23 23 23 23 23 23 23 23 

Sorting blank 12 6 9 0 7 13 10 5 5 2 5 

Blank-corrected counts 500 1360 646 168 1300 452 70 46 68 20 8 

Concentration 
[MP m-3 sediment] 

1,873,737 
 

22,684,527 
 

3,059,633 
 

757,284 
 

4,872,632 
 

2,723,849 592,578 123,018 111,962 70,917 22,557 

Concentration 
[MP kg-1 sediment] 

868 15,962 1,678 323 
 

2,281 
 

1,385 272 48 50 27 9 

Fibres [%] 12.34 1.22 9.73 22.51 8.57 28.89 33.98 14.86 51.04 33.33 19.44 

Fragments [%] 28.22 3.74 37.76 21.99 10.53 21.11 47.57 50.00 21.88 55.56 77.78 

Spheres [%] 52.90 93.38 1.33 48.69 78.87 49.59 15.53 21.62 26.04 0.00 0.00 

Foils [%] 6.54 1.66 51.18 6.81 2.03 0.41 2.91 13.51 1.04 11.11 2.78 
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S.2.2.2 Tentative MP particle shapes  

  

  
Fig. S3: Particle shape classification. Examples for (a) spheres (sampling site: Dömitz), (b) fragments 

(sampling site: Dömitz), (c) foils (sampling site: Hafenstraße) and (d) fibres (sampling site: Geesthacht).  

a b 

c d 
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S.2.2.2 Tentative MP size distribution at the separate sampling sites  

 

Fig. S4: Size distribution of tentative MP particles (visual analysis) in the water (a) and sediment (b) 
samples of the eleven sampling sites along the Elbe river. Particle size data was fitted with GraphPad 
Prism® (fit: One-phase decay). For comparability reason, only particles with a size of 150–5,000 µm were 
included in the size distribution analysis (leaving out 125–150 µm MPs from the sediments). Bin width: 
200 µm, first bin centre: 250 µm. For site abbreviations, see Tab. S1. 

 

S.2.2.3 Coloration of tentative MPs  

 

Fig. S5: Colour distribution of tentative MP particles (visual analysis) in the water (a) and sediment (b) 
samples of the eleven sampling sites along the Elbe river. For site abbreviations, see Tab. S1. 

 

 

 

a b 
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S.2.3 Mass concentration in water and sediment samples (pyrolysis GC-MS) 

S2.3.1 Polymer content (originating from 125–5,000 µm MPs) in the sediment samples  

Tab. S4: Polyethylene (PE), polypropylene (PP) and polystyrene (PS) content in the sediment samples [mg 
MP (125–5,000 µm particles) m-3 or kg-1 sediment (dry weight)] from the river Elbe. For details on the 
analysed volume/mass, see Tab. S1 (ratios were calculated based on the volume/mass of the total 
sediment sample, not just of the 125–5,000 µm sediment fraction). For site abbreviations, see Tab. S1. 

  Concentration [mg MP m-3 sediment]  Concentration [mg MP kg-1 sediment] 

Sites  PE PP PS Total  PE PP PS Total 

WB  2.99×104 9.43×102 4.03×103 3.48×104  13.83 0.44 1.86 16.13 

DS  1.11×104 1.07×103 1.51×103 1.37×104  7.81 0.75 1.06 9.62 

HB  4.53×104 2.75×103 1.20×103 4.92×104  24.87 1.51 0.66 27.04 

WE  1.81×104 8.49×102 9.98×102 1.99×104  7.72 0.36 0.43 8.51 

DM  3.88×104 1.53×103 3.87×103 4.42×104  18.12 0.72 1.81 20.65 

GH  2.11×104 1.96×103 3.86×103 2.69×104  10.70 1.00 1.96 13.66 

ET  3.65×104 1.62×103 4.36×103 4.25×104  16.77 0.75 2.00 19.51 

HS  9.31×102 43.22 0 9.75×102  0.37 0.02 0 0.38 

LM  1.66×103 2.14×102 1.62×102 2.03×103  0.74 0.10 0.07 0.91 

HW  3.21×102 2.41×102 1.29×102 6.92×102  0.12 0.09 0.05 0.26 

VS  0 13.66 0 13.66  0 0.006 0 0.006 
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S2.3.2 Polymer content (originating from 20–125 µm MPs) in the sediment samples 

Tab. S5: Polyethylene (PE), polypropylene (PP) and polystyrene (PS) content in the sediment samples [mg 
MP (20–125 µm particles) m-3 or kg-1 sediment (dry weight)] from the river Elbe. For details on the 
analysed volume/mass, see Tab. S1 (ratios were calculated based on the volume/mass of the total 
sediment sample, not just of the 20–125 µm sediment fraction). For site abbreviations, see Tab. S1. 

  Concentration [mg MP m-3 sediment]  Concentration [mg MP kg-1 sediment] 

Sites  PE PP PS Total  PE PP PS Total 

WB  6.86×104 8.08×103 0 7.67×104  31.75 3.74 0 35.49 

DS  3.72×104 3.51×103 0 4.07×104  26.21 2.47 0 28.68 

HB  9.60×104 1.14×104 0 1.07×105  52.76 6.26 0 59.02 

WE  1.18×105 1.03×104 0 1.28×105  50.46 4.39 0 54.85 

DM  6.94×104 7.73×103 0 7.71×104  32.41 3.61 0 36.03 

GH  6.99×104 1.41×103 2.46×105 3.17×105  35.50 0.71 124.72 160.93 

ET  1.38×105 3.43×103 3.41×105 4.82×105  63.38 1.57 156.29 221.24 

HS  3.07×104 1.10×104 84.78 4.18×104  12.08 4.32 0.03 16.44 

LM  7.27×103 3.29×103 0 1.06×104  3.24 1.47 0 4.72 

HW  8.55×103 6.84×103 0 1.54×104  3.25 2.60 0 5.85 

VS  4.74×103 5.90×103 0 1.06×104  1.98 2.47 0 4.45 

 

S2.4 Pyrolysis GC-MS analysis of the polymer spheres at the sampling site Dessau 

 

Fig. S6: Chromatogram of PS-DVB spheres at the sampling site Dessau (A) and a PS reference material (B). 
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Tab. S6: Peak list of PS-DVB and PS for measurements of Fig. S6. 

Peak list PS-

DVB 

 Peak list 

PS 

 

Retention 

time 

Substance Retention 

time 

Substance 

4.00 Toluene 3.90 Toluene 

5.50 Styrene 5.50 Styrene 

6.43 Alpha-methylstyrene 6.44 Alpha-methylstyrene 

7.40 m-ethylstyrene   

7.47 p-ethylstyrene   

7.65 m-divinylbenzene   

7.76 p-divinylbenzene   

10.70 Bibenzyl 10.71 Bibenzyl 

10.89 Benzene, 1,1'-(1-methyl-1,2-

ethanediyl)bis- 

10.90 Benzene, 1,1'-(1-methyl-1,2-

ethanediyl)bis- 

11.50 Benzene, 1,1'-(1,3-propanediyl)bis- 11.50 Benzene, 1,1'-(1,3-

propanediyl)bis- 

11.90 3-butene-1,3-diyldi-benzene 

(styrene dimer) 

11.90 3-butene-1,3-diyldibenzene 

(styrene dimer) 

12.84 2,5-diphenyl-1,5-hexadiene 12.85 2,5-diphenyl-1,5-hexadiene 

13.00 Hybrid dimer of styrene and 

divinylbenzene 

  

13.04 Hybrid dimer of styrene and 

divinylbenzene 

  

15.45 5-hexene-1,3,5-triylbenene (styrene 

trimer) 

15.45 5-hexene-1,3,5-triylbenene 

(styrene trimer) 

 



15 
 

S3. Supplementary literature 

Dierkes, G., Lauschke, T., Becher, S., Schumacher, H., Földi, C., Ternes, T., 2019. Quantification of 
microplastics in environmental samples via pressurized liquid extraction and pyrolysis-gas 
chromatography. Analytical and Bioanalytical Chemistry 411(26), 6959-6968. DOI: 
10.1007/s00216-019-02066-9. 

Imhof, H., Schmid, J., Niessner, R., Ivleva, N., Laforsch, C., 2012. A novel, highly efficient method 
for the separation and quantification of plastic particles in sediments of aquatic environments. 
Limnology and Oceanography: Methods 10, 524-537. DOI: 10.4319/lom.2012.10.524. 

 

S4. References for Figure 6 

Baldwin, A. K., Corsi, S. R., Mason, S. A., 2016. Plastic debris in 29 Great Lakes tributaries: 
Relations to watershed attributes and hydrology. Environmental Science & Technology 50(19), 
10377-10385. DOI: 10.1021/acs.est.6b02917. 

Ballent, A., Corcoran, P. L., Madden, O., Helm, P. A., Longstaffe, F. J., 2016. Sources and sinks of 
microplastics in Canadian Lake Ontario nearshore, tributary and beach sediments. Marine 
Pollution Bulletin 110(1), 383-395. DOI: 10.1016/j.marpolbul.2016.06.03. 

Barrows, A. P. W., Christiansen, K. S., Bode, E. T., Hoellein, T. J., 2018. A watershed-scale, citizen 
science approach to quantifying microplastic concentration in a mixed land-use river. Water 
Research 147, 382-392. DOI: 10.1016/j.watres.2018.10.013. 

Blair, R. M., Waldron, S., Phoenix, V. R., Gauchotte-Lindsay, C., 2019. Microscopy and elemental 
analysis characterisation of microplastics in sediment of a freshwater urban river in Scotland, 
UK. Environmental Science and Pollution Research 26(12), 12491-12504. DOI: 10.1007/s11356-
019-04678-1. 

Campbell, S. H., Williamson, P. R., Hall, B. D., 2017. Microplastics in the gastrointestinal tracts of 
fish and the water from an urban prairie creek. FACETS 2, 395-409. DOI: 10.1139/facets-2017-
0008. 

Castañeda, R. A., Avlijas, S., Simard, M. A., Ricciardi, A., 2014. Microplastic pollution in St. 
Lawrence River sediments. Canadian Journal of Fisheries and Aquatic Sciences 71(12), 1761-1771. 
DOI: 10.1139/cjfas-2014-0281. 

Cheung, P. K., Hung, P. L., Fok, L., 2019. River microplastic contamination and dynamics upon a 
rainfall event in Hong Kong, China. Environmental Processes 6(1), 253-261. DOI: 
10.1007/s40710-018-0345-0. 

Dean, B. Y., Corcoran, P. L., Helm, P. A., 2018. Factors influencing microplastic abundances in 
nearshore, tributary and beach sediments along the Ontario shoreline of Lake Erie. Journal of 
Great Lakes Research 44(5), 1002-1009. 10.1016/j.jglr.2018.07.014. 

Di, M., Liu, X., Wang, W., Wang, J., 2019. Manuscript prepared for submission to environmental 
toxicology and pharmacology pollution in drinking water source areas: Microplastics in the 



16 
 

Danjiangkou Reservoir, China. Environmental Toxicology and Pharmacology 65, 82-89. DOI: 
10.1016/j.etap.2018.12.009. 

Dris, R., Imhof, H., Sanchez, W., Gasperi, J., Galgani, F., Tassin, B., Laforsch, C., 2015b. Beyond the 
ocean: Contamination of freshwater ecosystems with (micro-) plastic particles. Environmental 
Chemistry 12(5), 539-550. DOI: 10.1071/EN14172. 

Estahbanati, S., Fahrenfeld, N. L., 2016. Influence of wastewater treatment plant discharges on 
microplastic concentrations in surface water. Chemosphere 162, 277-284. DOI: 
10.1016/j.chemosphere.2016.07.083. 

Faure, F., Demars, C., Wieser, O., Kunz, M., de Alencastro, L. F., 2015. Plastic pollution in Swiss 
surface waters: nature and concentrations, interaction with pollutants. Environmental Chemistry 
12(5), 582-591. DOI: 10.1071/EN14218. 

Forrest, S. A., Holman, L., Murphy, M., Vermaire, J. C., 2019. Citizen science sampling programs as 
a technique for monitoring microplastic pollution: results, lessons learned and 
recommendations for working with volunteers for monitoring plastic pollution in freshwater 
ecosystems. Environmental Monitoring and Assessment 191, 172. DOI: 10.1007/s10661-019-
7297-3. 

Heß, M., Diehl, P., Mayer, J., Rehm, H., Reifenhäuser, W., Stark, J., Schweiger, J., 2018. Mikroplastik 
in Binnengewässern Süd- und Westdeutschlands Bundesländerübergreifende Untersuchungen in 
Baden-Württemberg, Bayern, Hessen, Nordrhein-Westfalen und Rheinland-Pfalz. Teil 1: 
Kunststoffpartikel in der oberflächennahen Wasserphase. Karlsruhe, Augsburg, Wiesbaden, 
Recklinghausen, Mainz. Online available: https://www.lanuv.nrw.de/fileadmin/lanuvpubl/ 
6_sonderreihen/L%C3%A4nderbericht_Mikroplastik_in_Binnengew%C3%A4ssern.pdf (last 
access: May, 27th 2020). 

Hoellein, T. J., McCormick, A. R., Hittie, J., London, M. G., Scott, J. W., Kelly, J. J., 2017. Longitudinal 
patterns of microplastic concentration and bacterial assemblages in surface and benthic habitats 
of an urban river. Freshwater Science 36(3), 491-507. DOI: 10.1086/693012. 

Horton, A. A., Svendsen, C., Williams, R. J., Spurgeon, D. J., Lahive, E., 2017. Large microplastic 
particles in sediments of tributaries of the River Thames, UK – Abundance, sources and methods 
for effective quantification. Marine Pollution Bulletin 114(1), 218-226. DOI: 
10.1016/j.marpolbul.2016.09.004. 

Hurley, R., Woodward, J., Rothwell, J. J., 2018. Microplastic contamination of river beds 
significantly reduced by catchment-wide flooding. Nature Geoscience 11, 251-257. 
10.1038/s41561-018-0080-1. 

Kapp, K. J., Yeatman, E., 2018. Microplastic hotspots in the Snake and Lower Columbia rivers: A 
journey from the Greater Yellowstone Ecosystem to the Pacific Ocean. Environmental Pollution 
241, 1082-1090. DOI: 10.1016/j.envpol.2018.06.033. 

Kataoka, T., Nihei, Y., Kudou, K., Hinata, H., 2019. Assessment of the sources and inflow processes 
of microplastics in the river environments of Japan. Environmental Pollution 244, 958-965. DOI: 
10.1016/j.envpol.2018.10.111. 



17 
 

Klein, S., Worch, E., Knepper, T. P., 2015. Occurrence and spatial distribution of microplastics in 
river shore sediments of the Rhine-Main area in Germany. Environmental Science & Technology 
49(10), 6070-6076. DOI: 10.1021/acs.est.5b00492. 

Lechner, A., Keckeis, H., Lumesberger-Loisl, F., Zens, B., Krusch, R., Tritthart, M., Glas, M., 
Schludermann, E., 2014. The Danube so colourful: A potpourri of plastic litter outnumbers fish 
larvae in Europe’s second largest river. Environmental Pollution 188, 177-181. DOI: 
10.1016/j.envpol.2014.02.006. 

Leslie, H. A., Brandsma, S. H., van Velzen, M. J. M., Vethaak, A. D., 2017. Microplastics en route: 
Field measurements in the Dutch river delta and Amsterdam canals, wastewater treatment 
plants, North Sea sediments and biota. Environment International 101, 133-142. 
10.1016/j.envint.2017.01.018. 

Lin, L., Zuo, L.-Z., Peng, J.-P., Cai, L.-Q., Fok, L., Yan, Y., Li, H.-X., Xu, X.-R., 2018. Occurrence and 
distribution of microplastics in an urban river: A case study in the Pearl River along Guangzhou 
City, China. Science of the Total Environment 644, 375-381. DOI: 
10.1016/j.scitotenv.2018.06.327. 

Luo, W., Su, L., Craig, N. J., Du, F., Wu, C., Shi, H., 2019. Comparison of microplastic pollution in 
different water bodies from urban creeks to coastal waters. Environmental Pollution 246, 174-
182. DOI: 10.1016/j.envpol.2018.11.081. 

Mani, T., Blarer, P., Storck, F. R., Pittroff, M., Wernicke, T., Burkhardt-Holm, P., 2019. Repeated 
detection of polystyrene microbeads in the lower Rhine River. Environmental Pollution 245, 634-
641. DOI: 10.1016/j.envpol.2018.11.036. 

Mani, T., Hauk, A., Walter, U., Burkhardt-Holm, P., 2015. Microplastics profile along the Rhine 
River. Scientific Reports 5, 17988. DOI: 10.1038/srep17988. 

McCormick, A. R., Hoellein, T. J., London, M. G., Hittie, J., Scott, J. W., Kelly, J. J., 2016. Microplastic 
in surface waters of urban rivers: concentration, sources, and associated bacterial assemblages. 
Ecosphere 7(11), e01556. DOI: 10.1002/ecs2.1556. 

McCormick, A. R., Hoellein, T. J., Mason, S. A., Schluep, J., Kelly, J. J., 2014. Microplastic is an 
abundant and distinct microbial habitat in an urban river. Environmental Science & Technology 
48(20), 11863-11871. DOI: 10.1021/es503610r. 

Miller, R. Z., Watts, A. J. R., Winslow, B. O., Galloway, T. S., Barrows, A. P. W., 2017. Mountains to 
the sea: River study of plastic and non-plastic microfiber pollution in the northeast USA. Marine 
Pollution Bulletin 124(1), 245-251. DOI: 10.1016/j.marpolbul.2017.07.028. 

Moore, C. J., Lattin, G. L., Zellers, A. F., 2011. Quantity and type of plastic debris flowing from two 
urban rivers to coastal waters and beaches of Southern California. Journal of Integrated Coastal 
Zone Management 11(1), 65-73. DOI: 10.5894/rgci194. 

Nel, H. A., Dalu, T., Wasserman, R. J., 2018. Sinks and sources: Assessing microplastic abundance 
in river sediment and deposit feeders in an Austral temperate urban river system. Science of the 
Total Environment 612, 950-956. DOI: 10.1016/j.scitotenv.2017.08.298. 



18 
 

Peng, G., Xu, P., Zhu, B., Bai, M., Li, D., 2018. Microplastics in freshwater river sediments in 
Shanghai, China: A case study of risk assessment in mega-cities. Environmental Pollution 234, 
448-456. DOI: 10.1016/j.envpol.2017.11.034. 

Rodrigues, M. O., Abrantes, N., Gonçalves, F. J. M., Nogueira, H., Marques, J. C., Gonçalves, A. M. M., 
2018. Spatial and temporal distribution of microplastics in water and sediments of a freshwater 
system (Antuã River, Portugal). Science of the Total Environment 633, 1549-1559. DOI: 
10.1016/j.scitotenv.2018.03.233. 

Rodrigues, S. M., Almeida, C. M. R., Silva, D., Cunha, J., Antunes, C., Freitas, V., Ramos, S., 2019. 
Microplastic contamination in an urban estuary: Abundance and distribution of microplastics 
and fish larvae in the Douro estuary. Science of the Total Environment 659, 1071-1081. DOI: 
10.1016/j.scitotenv.2018.12.273. 

Schmidt, L. K., Bochow, M., Imhof, H. K., Oswald, S. E., 2018. Multi-temporal surveys for 
microplastic particles enabled by a novel and fast application of SWIR imaging spectroscopy - 
Study of an urban watercourse traversing the city of Berlin, Germany. Environmental Pollution 
239, 579-589. DOI: 10.1016/j.envpol.2018.03.097. 

Shruti, V. C., Jonathan, M. P., Rodriguez-Espinosa, P. F., Rodríguez-González, F., 2019. 
Microplastics in freshwater sediments of Atoyac River basin, Puebla City, Mexico. Science of the 
Total Environment 654, 154-163. 10.1016/j.scitotenv.2018.11.054. 

Su, L., Cai, H., Kolandhasamy, P., Wu, C., Rochman, C. M., Shi, H., 2018. Using the Asian clam as an 
indicator of microplastic pollution in freshwater ecosystems. Environmental Pollution 234, 347-
355. DOI: 10.1016/j.envpol.2017.11.075. 

Tan, X., Yu, X., Cai, L., Wang, J., Peng, J., 2019. Microplastics and associated PAHs in surface water 
from the Feilaixia Reservoir in the Beijiang River, China. Chemosphere 221, 834-840. DOI: 
10.1016/j.chemosphere.2019.01.022. 

van der Wal, M., van der Meulen, M., Tweehuijsen, G., Peterlin, M., Palatinus, A., Viršek, M. K., 
Coscia, L., Kržan, A., 2015. Identification and Assessment of Riverine Input of (Marine) Litter. Final 
Report for the European Commission DG Environment under Framework Contract No 
ENV.D.2/FRA/2012/0025. Online available: https://ec.europa.eu/environment/marine/good-
environmental-status/descriptor-10/pdf/iasFinal%20Report.pdf (last access: May 27th, 2020). 

Vermaire, J. C., Pomeroy, C., Herczegh, S. M., Haggart, O., Murphy, M., 2017. Microplastic 
abundance and distribution in the open water and sediment of the Ottawa River, Canada, and its 
tributaries. FACETS 2, 301–314. DOI:10.1139/facets-2016-0070. 

Wang, J., Peng, J., Tan, Z., Gao, Y., Zhan, Z., Chen, Q., Cai, L., 2017a. Microplastics in the surface 
sediments from the Beijiang River littoral zone: Composition, abundance, surface textures and 
interaction with heavy metals. Chemosphere 171, 248-258. DOI: 
10.1016/j.chemosphere.2016.12.074. 

Wang, W., Ndungu, A. W., Li, Z., Wang, J., 2017b. Microplastics pollution in inland freshwaters of 
China: A case study in urban surface waters of Wuhan, China. Science of the Total Environment 
575, 1369-1374. DOI: 10.1016/j.scitotenv.2016.09.213. 



19 
 

Wang, Z., Su, B., Xu, X., Di, D., Huang, H., Mei, K., Dahlgren, R. A., Zhang, M., Shang, X., 2018. 
Preferential accumulation of small (<300 μm) microplastics in the sediments of a coastal plain 
river network in eastern China. Water Research 144, 393-401. DOI: 
10.1016/j.watres.2018.07.050. 

Wen, X., Du, C., Xu, P., Zeng, G., Huang, D., Yin, L., Yin, Q., Hu, L., Wan, J., Zhang, J., Tan, S., Deng, R., 
2018. Microplastic pollution in surface sediments of urban water areas in Changsha, China: 
Abundance, composition, surface textures. Marine Pollution Bulletin 136, 414-423. DOI: 
10.1016/j.marpolbul.2018.09.043. 

Yan, M., Nie, H., Xu, K., He, Y., Hu, Y., Huang, Y., Wang, J., 2019. Microplastic abundance, 
distribution and composition in the Pearl River along Guangzhou city and Pearl River estuary, 
China. Chemosphere 217, 879-886. DOI: 10.1016/j.chemosphere.2018.11.093. 

Yonkos, L. T., Friedel, E. A., Perez-Reyes, A. C., Ghosal, S., Arthur, C. D., 2014. Microplastics in four 
estuarine rivers in the Chesapeake Bay, U.S.A.. Environmental Science & Technology 48(24), 
14195-14202. DOI: 10.1021/es5036317. 

Zhang, K., Gong, W., Lv, J., Xiong, X., Wu, C., 2015. Accumulation of floating microplastics behind 
the Three Gorges Dam. Environmental Pollution 204, 117-123. DOI: 
10.1016/j.envpol.2015.04.023. 

Zhu, J., Zhang, Q., Li, Y., Tan, S., Kang, Z., Yu, X., Lan, W., Cai, L., Wang, J., Shi, H., 2019. Microplastic 
pollution in the Maowei Sea, a typical mariculture bay of China. Science of the Total Environment 
658, 62-68. DOI: 10.1016/j.scitotenv.2018.12.192. 

 

 


