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In the Electronic Supplementary Information (ESI) we present further information to clarify our 14 

statements made in the main manuscript. In Figure S1 we display the Euclidian distance map of figure 15 

2 in the main manuscript. A magnified section of Figure 2e from the main manuscript is shown in Figure 16 

S2. From Figure S3 to Figure S20 exemplary processed images are displayed. 17 

  18 
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Euclidian Distance Map 19 

 20 

 21 

Figure S1: Euclidian distance Map created from fig 2 of the main manuscript. 22 
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Magnified section of figure 2e of the main manuscript 24 

 25 

 26 

Figure S2: Magnified section of Figure 2e from the main manuscript. Red encircled particles have not 27 
been found by the algorithm due to low intensity values of corresponding pixel. Green encircled 28 
particles are particles found by the algorithm. 29 
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Examples of processed images from published data 31 

The processed images are taken from original publications and except for some pictures where the scales 32 
where masked, the images where processed with our Open Source program without further editing. All 33 
figures follow the same scheme: Left – original image; middle – processed image without watershed; 34 
right – processed image with watershed; 35 

All images but one were processed with default values: 36 

protocol – Single Image 37 

min. pixels = 20 (5 for Figure S18Fehler! Verweisquelle konnte nicht gefunden werden.) 38 

min. size / µm = 0 39 

max. size / µm = 100 000 40 

resolution / px µm-1 = 1 41 

The setting for white particles is given for every figure. 42 

 43 

The comparison of the results of the algorithm and the human expert yields two possible errors: false 44 
negatives and false positives. False negatives are worse because these errors describe existing particles 45 
which are not found. These errors therefore induce an underestimation of the contaminant under 46 
observation. False positives (additional particles or wrong segmentation of existing particles) have the 47 
drawback that they induce a longer measurement time and smaller particle sizes. The accordance value 48 
in this work gives the accordance of the existing particles (human expert) and the ones the algorithm 49 
has found. False positives are subtracted from the overall number of found particles. Thus, every missing 50 
particle or false negative leads to an accordance value below 100%. 51 

 52 

Accordance = (Nalgortihm – Nfalse-positves) / Nhuman-expert 53 

Accordance in % = ((Nalgortihm – Nfalse-positves) / Nhuman-expert)*100 54 

Nalgorithm = number of particles found by the algorithm 55 

Nfalse-positives = number of false positives, determined by comparison of particles assigned by human 56 
expert and processed image of algorithm 57 

Nhuman-expert = number of particles found by human expert 58 

 59 
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 61 

Figure S3: Image from Ossmann et al. [1] Figure 4f; “white particles” were looked for. 62 

 63 

Table S1: Accuracy or validity of images from Figure S3.  64 

 # particles Accordance / % False negatives False positives 

Human Expert 50    

Otsu 53 92.0 4 7 

Otsu + watershed 57 100 0 7 

 65 

Table S2: Reliability or precision of images from Figure S3. 66 

 # particles Accordance / % False negatives False positives 

Otsu 53    

Otsu rotation 90° 53 100 0 0 

Otsu vertical flip 53 100 0 0 

 # particles Accordance / % False negatives False positives 

Otsu + watershed 57    

Otsu + watershed 

rotation 90° 
57 100 0 0 

Otsu + watershed 

vertical flip 
57 100 0 0 

 67 
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 69 

Figure S4: Image from Ossmann et al. [1] Figure 4g; “white particles” were looked for. 70 

 71 

Table S3: Accuracy or validity of images from Figure S4. 72 

 # particles Accordance / % False negatives False positives 

Human Expert 53    

Otsu 58 79.2 11 16 

Otsu + watershed 62 83.0 9 18 
 73 

Table S4: Reliability or precision of images from Figure S4. 74 

 # particles Accordance / % False negatives False positives 

Otsu 58    

Otsu rotation 90° 58 100 0 0 

Otsu vertical flip 58 100 0 0 

 # particles Accordance / % False negatives False positives 

Otsu + watershed 62    

Otsu + watershed 

rotation 90° 
63 100 0 1 

Otsu + watershed 

vertical flip 
63 100 0 1 

 75 
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 77 

 78 

Figure S5: Image from Ossmann et al. [1] Figure 4h; “white particles” were looked for. 79 

In  80 

Figure S5 a lot of false positives are created due to the over-illumination of this sample. Pores of the 81 
filter “glow” and are thereby mistaken as particles or parts of particles. Therefore, this image was not 82 
further evaluated. 83 

 84 

Figure S6: Image from Käppler et al. 2018 [2], Figure 1c; “white particles” were looked for. 85 

 86 

Table S5: Accuracy or validity of images from Figure S6. 87 

 # particles Accordance / % False negatives False positives 

Human Expert 8    

Otsu 8 100 0 0 

Otsu + watershed 10 100 0 2 

 88 

Table S6: Reliability or precision of images from Figure S6. 89 

 # particles Accordance / % False negatives False positives 

Otsu 8    

Otsu vertical flip 8 100 0 0 

 # particles Accordance / % False negatives False positives 

Otsu + watershed 10    

Otsu + watershed 

vertical flip 
10 100 0 0 

 90 
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90° values are missing for Figure S6, due to a limitation in length/width ratio that can be processed by 91 
our open source program. However, all other images showed no deviation by 90° rotation. Therefore, 92 
we recommend to rotate images with unsuitable length/width ratios. 93 

 94 

 95 

Figure S7: Image reproduced from Löder et al. [3] Figure 3j, with permission from CSIRO 96 
Publishing; “dark particles” were looked for. 97 

 98 

 99 

Figure S8: Image reproduced from Löder et al. [3] Figure 3d, with permission from CSIRO 100 
Publishing; “dark particles” were looked for. 101 
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 103 

Figure S9: Image from Käppler et al. 2016 [4] Figure 1a; “white particles” were looked for. 104 

 105 

Table S7: Accuracy or validity of images from Figure S9.  106 

 # particles Accordance / % False negatives False positives 

Human Expert 4    

Otsu 11 75.0 1 8 

Otsu + watershed 20 100 0 16 

 107 

 108 

Table S8: Reliability or precision of images from Figure S9. 109 

 # particles Accordance / % False negatives False positives 

Otsu 11    

Otsu vertical flip 11 100 0 0 

 # particles Accordance / % False negatives False positives 

Otsu + watershed 20    

Otsu + watershed 

vertical flip 
20 100 0 0 

 110 

 111 

90° values are missing for Figure S9 due to a limitation in length/width ratio that can be processed by 112 
our open source program. However, all other images showed no deviation by 90° rotation. Therefore, 113 
we recommend to rotate images with unsuitable length/width ratios. 114 
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 117 

Figure S10: Image from Käppler et al. 2016 [4] Figure 1b; “white particles” were looked for. 118 

 119 

 120 

Figure S11: Image from Käppler et al. 2018 [2], Figure 1a; “white particles” were looked for. 121 

 122 

 123 

Figure S12: Image from Käppler et al. 2018 [2], Figure 1b; “white particles” were looked for. 124 

 125 
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 126 

Figure S13: Image from Käppler et al. 2018 [2], Figure 1d; “white particles” were looked for. 127 

 128 

 129 

Figure S14: Image reproduced from Löder et al. [3] Figure 3a, with permission from CSIRO 130 
Publishing; “white particles” were looked for. 131 

 132 

Figure S15: Image reproduced from Löder et al. [3] Figure 3g, with permission from CSIRO 133 
Publishing; “white particles” were looked for. 134 
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 136 

Figure S16: Image reproduced from Löder et al. [3] Figure 9a, with permission from CSIRO 137 
Publishing; “white particles” were looked for. 138 

 139 

Table S9: Accuracy or validity of images from Figure S16. 140 

 # particles Accordance / % False negatives False positives 

Human Expert 20    

Otsu 17 65.0% 7 4 

Otsu + watershed 23 65.0% 7 10 

 141 

Table S10: Reliability or precision of images from Figure S16. 142 

 # particles Accordance / % False negatives False positives 

Otsu 17    

Otsu rotation 90° 17 100 0 0 

Otsu vertical flip 17 100 0 0 

 # particles Accordance / % False negatives False positives 

Otsu + watershed 23    

Otsu + watershed 

rotation 90° 
23 100 0 0 

Otsu + watershed 

vertical flip 
23 100 0 0 

 143 

  144 



14 
 

 145 

Figure S17: Image reproduced from Löder et al. [3] Figure 9d with, permission from CSIRO 146 
Publishing; “white particles” were looked for. 147 

 148 

Table S11: Accuracy or validity of images from Figure S17. 149 

 # particles Accordance / % False negatives False positives 

Human Expert 10    

Otsu 7 60 4 1 

Otsu + watershed 28 100 0 18 

 150 

 151 

Table S12: Reliability or precision of images from Figure S17. 152 

 # particles Accordance / % False negatives False positives 

Otsu 7    

Otsu rotation 90° 7 100 0 0 

Otsu vertical flip 7 100 0 0 

 # particles Accordance / % False negatives False positives 

Otsu + watershed 28    

Otsu + watershed 

rotation 90° 
28 100 0 0 

Otsu + watershed 

vertical flip 
28 100 0 0 

 153 

  154 



15 
 

 155 

Figure S18:Exemplary image of polystyrene particles on a gold filter under dark field illumination. 156 
“white particles” were looked for. 157 

This image is the only one with very small particles compared to the overall image size. Therefore, the 158 
min. pixels was set to 5.  159 

 160 

Table S13: Accuracy or validity of images from Figure S18. 161 

 # particles Accordance / % False negatives False positives 

Human Expert 127    

Otsu 115 90.6 12 0 

Otsu + watershed 120 92.9 9 2 

 162 

Table S14: Reliability or precision of images from Figure S18. 163 

 # particles Accordance / % False negatives False positives 

Otsu 115    

Otsu rotation 90° 115 100 0 0 

Otsu vertical flip 115 100 0 0 

 # particles Accordance / % False negatives False positives 

Otsu + watershed 120    

Otsu + watershed 

rotation 90° 
120 100 0 0 

Otsu + watershed 

vertical flip 
120 100 0 0 

 164 
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Figure S19: Image from Käppler et al. 2016 [4] Figure 1d; “dark particles” were looked for. 167 

 168 

 169 

Figure S20: Exemplary image of a polystyrene fibre on a polycarbonate filter under bright field 170 
illumination. “dark particles” were looked for. 171 

 172 

 173 

Figure S21: Image from Käppler et al. 2016 [4] Figure 1c; “dark particles” were looked for. 174 

 175 
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 176 

Figure S22: Image from Frère et al. [5] Figure 3; “dark particles” were looked for. 177 

 178 

Table S15: Accuracy or validity of images from Figure S22. 179 

 # particles Accordance / % False negatives False positives 

Human Expert 119    

Otsu 114 95.0% 6 1 

Otsu + watershed 127 96.6% 4 12 

 180 

 181 

Table S16: Reliability or precision of images from Figure S22. 182 

 # particles Accordance / % False negatives False positives 

Otsu 114    

Otsu vertical flip 114 100 0 0 

 # particles Accordance / % False negatives False positives 

Otsu + watershed 127    

Otsu + watershed 

vertical flip 
127 100 0 0 

 183 

90° values are missing for Figure S22, due to a limitation in length/width ratio that can be processed by 184 
the open source program. However, all other images showed no deviation by 90° rotation. Therefore, 185 
we recommend to rotate images with unsuitable length/width ratios. 186 

  187 
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 188 

Figure S23: Image reproduced from Löder et al. [3] Figure 1b, with permission from CSIRO 189 
Publishing; “dark particles” were looked for. 190 

 191 

Table S17: Accuracy or validity of images from Figure S23. 192 

 # particles Accordance / % False negatives False positives 

Human Expert 30    

Otsu 42 60.0% 12 24 

Otsu + watershed 68 93.3% 2 40 

 193 

 194 

Table S18: Reliability or precision of images from Figure S23. 195 

 # particles Accordance / % False negatives False positives 

Otsu 42    

Otsu rotation 90° 42 100 0 0 

Otsu vertical flip 42 100 0 0 

 # particles Accordance / % False negatives False positives 

Otsu + watershed 68    

Otsu + watershed 

rotation 90° 
68 100 0 0 

Otsu + watershed 

vertical flip 
68 100 0 0 

 196 
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 198 

Figure S24: Image reproduced from Löder et al. [3] Figure 2b, with permission from CSIRO 199 
Publishing; “dark particles” were looked for. 200 

 201 

Table S19: Accuracy or validity of images from Figure S24. 202 

 # particles Accordance / % False negatives False positives 

Human Expert 27    

Otsu 22 70.4% 8 3 

Otsu + watershed 40 92.6% 2 15 

 203 

 204 

Table S20: Reliability or precision of images from Figure S24. 205 

 # particles Accordance / % False negatives False positives 

Otsu 22    

Otsu rotation 90° 22 100 0 0 

Otsu vertical flip 22 100 0 0 

 # particles Accordance / % False negatives False positives 

Otsu + watershed 40    

Otsu + watershed 

rotation 90° 
40 100 0 0 

Otsu + watershed 

vertical flip 
40 100 0 0 

 206 

 207 
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 208 

 209 

Figure S25: Image from Domogalla-Urbansky and Anger et al. [6] Figure 2c; “dark particles” were 210 
looked for. 211 

 212 

 213 
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