Polym. Korea, Vol. 46, No. 6, pp. 827-836 (2022)
https://doi.org/10.7317/pk.2022.46.6.827

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

Nile red/A|HEMN =glE 0|8+ O|MEZIAEIL A L MEIX I A
oMYl - S  SME
A ek Vel ) 255
(202249 8¥ 9 HE, 202249 99 6 44, 2022 99 27 AjE)

Selective Fluorescence Staining of Microplastic in Water Utilizing
Nile Red/surfactant Combination

Se Bin Oh, Doo Hong Park, and Sung Chul Hong'

Department of Nanotechnology and Advanced Materials Engineering, Sejong University, Seoul 05006, Korea
(Received August 9, 2022; Revised September 6, 2022; Accepted September 27, 2022)

B9} AHEAIA o] xS

92 Bl Jui @S sisick. A

MPel| F2F=| 3 Gl eJste] Al mj Eg o
AZ/AASAA vE, YF/MP B, 22| MP
'5]- oﬂ/\n zy-] e] ZL_T’_X} O]—O:h:]' 1:1:—5} o]_ua]/]
om, o5 Eo}o:l MPS] A W) /3121424 G
w2/ 5 T/ HAE A=kelal, MPY
o2 7|ti=},

=12

rc =2
o 1-=

NS A]

RES. L

Ea) vA=
He A o] EA)] slollA] Nile red= EH.LLQ‘- v 3% d3e
ul’E_Qo] MP2] ¢H A0l &3 A%

iﬁl—a}- t].OE-GL 03/\11 tﬂ.]_/] od
qlo] Slajo] 8] W WEH drel et B9 g 7K
FHo= eyt

BEE

2}2~8] (microplastic, MP)S A Wl nl=z
zﬂ—-—o}oﬂl:]- L A7
FS ZAbEle] ®HT u}a}—;ﬂ

o] WL B3jol, MPS] BZHE)
JEHS A% 39 Gujo] P51 & 9L A

o=

=]
=

2=

Abstract: To observe and quantify microplastics (MPs) in an aqueous environment, separation of MPs from water (e.g.,
filtration), drying, and staining them with a fluorescent dye by using a solvent is a common procedure. In this study, the
tedious procedures were tried to be avoided, through selectively and in situ fluorescence staining of MPs in water by the
combination of a dye and a surfactant. A non-polar fluorescent dye such as Nile red was adsorbed to MPs in the presence
of Tergitol MIN FOAM 1x and penetrated the polymer matrix by thermal treatment, exhibiting stable fluorescence behav-
ior. The effect of different staining parameters, including temperature, time, dye/surfactant ratio, dye/MP ratio, and MP
concentration, were investigated to find better staining conditions. Fluorescence quenching of non-adsorbed dyes in aque-
ous solution was successfully achieved by the addition of aniline, which allowed selective fluorescence staining of MPs
in water possibly for rapid detection and monitoring of MPs.
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Scheme 1. Schematic representation of staining procedure of MPs
in water with non-polar dye and surfactant.
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Figure 1. Chemical structures of dye and surfactants employed in
this study.
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Figure 2. Size of dye particles at various concentration in water (dye/surfactant or solvent=1 g/L): (a) with different dye and surfactant com-

binations; (b) with different surfactants.
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ture=80 °C.
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Figure 10. Fluorescent spectra of MPs with different sizes stained with Nile red/Tergitol MIN FOAM 1x: (a) PP; (b) PE; (c) PS. Staining
condition: dye/surfactant=1 g/L, dye/MP=2.5 wt%, MP/aqueous solution=1 g/L, staining time=60 minutes, staining temperature=80 °C.
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Figure 11. Fluorescent spectra before and after quenching with NaOH: (a) stained PP MPs; (b) aqueous staining solution without MPs. Stain-
ing condition: dye=Nile red, surfactant=Tergitol MIN FOAM 1x, dye/surfactant=3 g/L, dye/MP=2.5 wt%, MP/aqueous solution=1 g/L, stain-
ing time=60 minutes, staining temperature=80 °C. Fluorescence quenching condition: 0.5 M NaOH, 50 °C, 3 hours.
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Figure 12. Fluorescent spectra before and after quenching with aniline: (a) stained PP MPs; (b) aqueous staining solution without MPs. Stain-
ing condition: dye=Nile red, surfactant=Tergitol MIN FOAM 1x, dye/surfactant=3 g/L, dye/MP=2.5 wt%, MP/aqueous solution=1 g/L, stain-
ing time=60 minutes, staining temperature=80 °C. Fluorescence quenching condition: 0.1 M aniline, room temperature, almost immediate.
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