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Table S1. Examples of MP staining methods. 

 

Polymer 
type a 

shape 
Size range 

(μm) 
Dye Solvent 

Excitation 
wavelength (nm) 

Emission 
wavelength (nm) 

Reference 

 Fragment, 
sphere 

13.5 ~ 300 iDye Poly(Jacquard) 
Deionized 

water 
531 593 [1] 

 Fragment - Nile red Acetone 450~510 529 [2] 
 

Fragment 
Granule 

 

300 ~ 5000 
 

Nile red 
Chloroform 

Acetone 
n-Hexane 

 

365 
 

445 
 

[3] 

PS 
Fragment 63 ~ 630 Nile red Chloroform 365 445 [4] 
Fragment 24 ~ 196 Nile red Methanol 460 525 [5] 

 Bead 0.05 ~ 0.1 Nile red Methanol 623 660 [6] 
 Fragment ~ 100 Nile red Methanol 460 543 [7] 
 Fragment ~ 100 FITC Methanol 488 - [7] 
 Fragment ~ 100 Safranine T Methanol 520 - [7] 
 Fragment - DAPI Water 355 ~ 405 420 ~ 480 [8] 
 Fragment 100 ~ 500 Rhodamine B Ethanol 450 ~ 490 515 ~ 565 [9] 

 
Fragment 100 ~ 500 iDye Poly(Jacquard) 

Deionized 
water 

531 593 [1] 

 
LDPE 

Fragment 
Granule 

 

300 ~ 5000 
 

Nile red 
Chloroform 

Acetone 
n-Hexane 

 

365 
 

445 
 

[3] 

 Fragment  Nile red Acetone 440~520 535 [10] 
 

Fragment ~ 300 Nile red n-Hexane 534 ~ 558 
515 ~ 565, 

590 ~ [11] 

 
Sphere 10 ~ 90 iDye Poly(Jacquard) 

Deionized 
water 

531 593 [1] 

 
Fragment 
Granule 

 

300 ~ 5000 
 

Nile red 
Chloroform 

Acetone 
n-Hexane 

 

365 
 

445 
 

[3] 
HDPE      

 Fragment  Nile red Acetone 440~520 535 [10] 
 Fragment 300 ~ 1000 Nile red Methanol 460 525 [12] 
 

Fragment 80 ~ 200 Nile red n-Hexane 534 ~ 558 
515 ~ 565, 

590 ~ [11] 

 
Fragment 500 ~ 4000 iDye Poly(Jacquard) 

Deionized 
water 

531 593 [1] 

 Fragment - Nile red Acetone 450~510 529 [2] 
 

Fragment 
Granule 

 

300 ~ 5000 
 

Nile red 
Chloroform 

Acetone 
n-Hexane 

 

365 
 

445 
 

[3] 

PP 
Fragment  Nile red Acetone 440~520 535 [10] 
Fragment 63 ~ 630 Nile red Chloroform 365 445 [4] 

 Fragment 300 ~ 1000 Nile red Methanol 460 525 [12] 
 Fragment 20 ~ 130 Nile red Methanol 460 525 [5] 
 

Fragment ~ 300 Nile red n-Hexane 534 ~ 558 
515 ~ 565, 

590 ~ 
[11] 

 Fragment - DAPI Water 355 ~ 405 420 ~ 480 [8] 
 Fragment 400 ~ 1000 Rhodamine B Ethanol 450 ~ 490 515 ~ 565 [9] 

PET Fragment, 30 ~ 5000 iDye Poly(Jacquard) Deionized 531 593 [1] 

 

 



 
 
 

 fiber   water    

  

Fiber 
 

300 ~ 5000 
 

Nile red 
Chloroform 

Acetone 
n-Hexane 

 

365 
 

445 
 

[3] 

 Fragment - Nile red Acetone 450~510 529 [2] 
 Fiber 63 ~ 630 Nile red Chloroform 365 445 [4] 
 Fragment ~ 300 Nile red Methanol 460 525 [5] 
 Fragment - Nile red n-Hexane 365 445 [11] 
 Fragment ~ 200 Nile red Methanol 460 543 [7] 
 Fragment ~ 200 FITC Methanol 488 - [7] 
 Fragment ~ 200 Safranine T Methanol 520 - [7] 
 

Fragment 50 ~ 300 iDye Poly(Jacquard) 
Deionized 

water 
531 593 [1] 

 Fragment 80 ~ 148 Nile red Methanol 460 525 [5] 
 

Fragment 
 

Nile red n-Hexane 534 ~ 558 
515 ~ 565, 

590 ~ 
[11] 

PVC 
      

Fragment ~ 100 Nile red Methanol 460 543 [7] 
 Fragment ~ 100 FITC Methanol 488 - [7] 
 Fragment ~ 100 Safranine T Methanol 520 - [7] 
 Fragment - DAPI Water 355 ~ 405 420 ~ 480 [8] 
 Fragment 50 ~ 200 Rhodamine B Ethanol 450 ~ 490 515 ~ 565 [9] 

 

PAN Fiber 20 ~ 3000 iDye Poly(Jacquard) 
Deionized 

water 
531 593 [1] 

 Fragment 63 ~ 630 Nile red Chloroform 365 445 [4] 
 Fragment - Nile red Acetone 450~510 529 [2] 
 Fragment 63 ~ 630 Nile red Chloroform 365 445 [4] 

PE Fragment 40 ~ 48 Nile red Methanol 460 525 [5] 
 Fragment 40 ~ 46 Nile red Methanol 460 525 [13] 
 Fragment 100 ~ 300 Rhodamine B Ethanol 450 ~ 490 515 ~ 565 [9] 

Nylon 6 
Fragment - Nile red Acetone 450~510 529 [2] 
Fragment 63 ~ 91 Nile red Methanol 460 525 [5] 

 Fragment 63 ~ 630 Nile red Chloroform 365 445 [4] 
PA Fiber - Nile red n-Hexane 365 445 [11] 

 Fiber - DAPI Water 355 ~ 405 420 ~ 480 [8] 
PC Fragment 94 ~ 169 Nile red Methanol 460 525 [5] 

 Fragment 71 ~ 154 Nile red Methanol 460 525 [5] 

PU Fragment ~ 100 Nile red n-Hexane 534 ~ 558 
515 ~ 565, 

590 ~ 
[11] 

 Fragment 50 ~ 300 Rhodamine B Ethanol 450 ~ 490 515 ~ 565 [9] 

EPS Fragment ~ 300 Nile red n-Hexane 534 ~ 558 
515 ~ 565, 

590 ~ [11] 

a Abbreviations of polymers: Polystyrene, PS; Polyethylene, PE; high-density polyethylene, HDPE; low-density polyeth- 

ylene, LDPE; polypropylene, PP; poly(ethylene terephthalate), PET; poly(vinyl chloride), PVC; polyacrylonitrile, PAN; 

polyamide, PA; polycarbonate, PC; polyurethane, PU; expanded polystyrene, EPS. 



 
 

 
Table S2. Representative density and fusion temperature values of common MPs [1,14-22]. 

 

 

Type 
 

Composition 
Density range 

(g/cm3) 

Representative 
density (average, 

g/cm3) 

Thermal 
event for 
fusion a 

Fusion 
temperature 

(℃) 

Representative 
fusion temperature 

(average, ℃) 

PP 
isotactic PP 0.90 ~ 0.91 

0.92 
Tm ~ 186 

156 
syndiotactic PP 0.90 ~ 0.95 Tm 125 ~ 130 

 
High density PE (HDPE) 0.94 ~ 0.96 

 Tm 125 
 

PE 
Low density PE (LDPE) 0.91 ~ 0.93 

0.93 
Tm 130 

120 
Linear low density PE (LLDPE) 0.91 ~ 0.93 Tm 105 ~ 125 

 Very low density PE (VLDPE) 0.90  Tm 110  

 
General purpose PS 1.03 ~ 1.05 

 Tg 90 ~ 100 
 

 

PS 
Styrene-acrylonitrile copolymer 

(SAN) 1.07 ~ 1.09 
 

1.09 
Tg 103 ~ 109 

 

100 
 Acrylonitrile-butadiene-styrene 

copolymer (ABS) 1.01 ~ 1.8 
 

Tg 104 
 

a Tm = melting temperature, Tg = glass transition temperature. 

 

Table S3. Comparison between recent prices of dye candidates to stain MPs a. 

 

Dye Source Cost (KRW/g) Cost (USD/g) 
Nile red Sigma Aldrich 981,976 792.28 

S-FN Yedam chemical 149 0.12 
Fluorescein isothiocyanate (FITC) Sigma Aldrich 369,214 297.89 

4,5,6,7-Tetrachloro-2′,4′,5′,7′-tetraiodofluorescein disodium 
salt 

(Rose Bengal) 

 

Sigma Aldrich 
 

67,512 
 

54.47 

a 1 USD = 1,239 KRW on April 22th, 2022. 

 

 

Figure S1. Relative fluorescence intensity of PP-MPs stained with S-FN and Nile red with Tween 20 

and different solvents. Staining conditions: dye/surfactant or solvent = 1 g/L, dye/MP = 2.5 wt%, 

MP/water solution = 1 g/L, staining time = 60 minutes, staining temperature = 80 ℃. 



 
 

 

 
 

Figure S2. Size of the dye particles with different dye/surfactant ratios at various S-FN/Tween 20 

concentrations in water. 

 

 

Figure S3. Size of the dye particles with different surfactants at various S-FN concentrations in 

water (dye/surfactant = 1 g/L). 



 
 

 

 

 
Figure S4. Optical photographs of different stained MPs at different staining temperatures (illumination by UV Hand 

Lamp at 254 nm for MPs stained with Nile red and 365 nm for MPs stained with S-FN). Staining conditions: surfactant 

= Tween 20, dye/surfactant = 1 g/L, dye/MP = 2.5 wt%, MP/aqueous solution = 1 g/L, staining time = 60 minutes. 



 
 

 

 
 

Figure S5. Normalized fluorescence spectra of S-FN (a) and Nile red (b) in stained MPs. Staining 

conditions: surfactant = Tergitol MIN FOAM 1x, dye/surfactant = 1 g/L, dye/MP = 2.5 wt%, 

MP/aqueous solution = 1 g/L, staining time = 60 minutes, staining temperature = 80 ℃. 

 

Figure S6. Optical photographs of stained MPs after removing the staining solution and redis- 

persing the MPs in a water/ethanol solution (illuminated by UV Hand Lamp at 365 nm). Staining 

conditions: dye = S-FN, surfactant = Tween 20, dye/surfactant = 1 g/L, dye/MP = 2.5 wt%, 

MP/aqueous solution = 1 g/L, staining time = 60 minutes, staining temperature = 80 ℃. 



 
 
 

 
 

Figure S7. Optical photographs of PP MPs stained at an MP/aqueous solution concentration of 3.5 × 

10-2 g/L: Filtered PP MPs (a) and redispersed PP MPs in aqueous solution (b) after staining (illu- 

minated by UV Hand Lamp at 365 nm). Staining conditions: dye = S-FN, surfactant = Tween 20, 

dye/surfactant = 1 g/L, dye/MP = 2.5 wt%, MP/aqueous solution = 3.5 × 10-2 g/L, staining time = 60 

minutes, staining temperature = 80 ℃. 

 

Figure S8. Fluorescence spectra of PP MPs with different sizes stained with S-FN/Tween 20. 

Staining conditions: dye/surfactant = 1 g/L, dye/MP = 2.5 wt%, MP/aqueous solution = 1 g/L, 

staining time = 60 minutes, staining temperature = 80 ℃. 
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