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Development of a System for Analyzing the Types and Sizes of Microplastics
in an Aquatic Environment

Su-jeong Jeon', Joon-seok Lee', Bo-ram Park’, and Kyung-hoon Beak""

Abstract

Every year, approximately 350 million tons of plastic waste are generated worldwide. This waste, can degrade into micro-
plastics, owing to factors such as temperature changes and UV exposure. These smaller plastic particles are increasingly
entering the food chain through marine life, thereby raising concerns about their impact on human health. Consequently,
there is an increasing need to measure microplastics. Common methods involve direct collection by using a manta trawl
equipped with a 330 um mesh net or performing spectroscopic and thermal analyses on collected samples. However, these
methods require complex pre-processing, which risk sample destruction. In this study, we developed a system to directly
sample microplastics in aquatic environments by using laser-induced fluorescence spectroscopy. Through an analysis of the
fluorescence spectra as well as, the with gradient and integration at specific points, we successfully distinguished micro-
plastics of 100, 200, 300, and 500 pum in size, and we also differentiated between polyethylene (PE) and polystyrene (PS)

types.

Keywords: Microplastic, Fluorescence, Analysis system, Aquatic environments

.M B

\D
S
LN
= ol
rE
rg
A
é
1o
:(l){é
R
oo
T
A
ol
e
i
)

= Zal
fﬂm Apsloln el a2 Aol st e, Fehs
o ERARE A%, A5 AR g
o
o)

[
AREE 2 lofq A= ol —’EJOHE e
wid

91 R 11171@01 ‘ﬂ“go AL Mﬁuﬁ[l], 19724 A58
s gollM FeknE A7 A" 2], DA HF &
Wk op } §7% 27, AdA]] QIzke] A 9] A=A e
] E]r’\‘:’] of NI ke BA7k e 3l

g #l7]=2o] o2 YA o FAE oF7lst

'u}3}E = 2 A 31 4 (Research Institute, MachTech Co.,Ltd.)

333, Cheomdangwagi-ro, Buk-gu, Gwangju 61008, Korea

“Corresponding author: lawseed0518@naver.com

(Received: May. 28, 2024, Revised: Jun. 18, 2024, Accepted: Jun. 26, 2024)

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(https:/creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

203

o o
S xa@ﬁ
hu

rﬁ?uﬂw [
S x Ldow
o oo
5 o i i
o X

ol

©

I:\\'I-'
r
ki
249
4 o

, AR =F 5ol o) &
o] ¥=H], 5 mm °|3}e] F
013} 5t [4], o] Bo} B 2+ 100 pm
=ZEfEolg} gh5,6]. ©]
3] g AES 3l A
7¥s/do] EobA, mAl &gt
o el B2 g0 Hag
gol| &3] AMgEE AV, F
AN 7A] w A EekE o] A
7], o &oA] wlA|FekiE
N 7R wlA| EefE o] WA A o}
AA A7del & &S v F Adoe 4
2715 FTH8].
131235} SAlol sl Wl mMlEeksE od
A5t AT e JYEa itk S AR E 5
oMM FEOFE F4 200 m7HA] AEH st EAF AR BE
ARolA ZefEo] BAE =T, 215 Z2o Y H (Polyethylene,
PE) 2 =g 2~E] @ (Polystyrene, PS) 52| Zet2yg A7}t A
AA ZBky #7152 oF 56%Z FAITTH9). Fe] 49 1]
WA H29 20233 A} Aol whet A7) H}EMW A&
n) A ZetaE e Zgo| D (PE) Z22EA(PS) 5 & 8%F0)

{0 mlm _124_’ l")“
LL—J‘ rlo
_IXE il

jins
N
M

0% i _Ilm —-“

9 o

A
>
iu}

2
N
N
~

2&
B

.

e

i
flo

2

(o u
> Rl o
2

M

o moh o
of &l

[
o
L 1o
L
[e]
>

=

ot
)
U

N
3
i

o fo
o [P
i

12
2
fl
e
o
o

o

o
ol

7]

ooy
>
Ay
2
fol
]Ilo{n
Q‘L

A
OH

O,

¢

R
X0,
o
H
B

o
m
NG m-l)lz
il
fd
=
fuj
oS * r— =l

2
X
0%

i

J. Sens. Sci. Technol. Vol. 33, No. 4, 2024


https://crossmark.crossref.org/dialog/?doi=10.46670/JSST.2024.33.4.203&domain=https://jsstec.org/&uri_scheme=http:&cm_version=v1.5

Su-jeong Jeon, Joon-seok Lee, Bo-ram Park, and Kyung-hoon Beak

— Optical system

266nm Pulse Laser L

Flow cell

—

— Fluid system

Cleaning
solution

Wastewater

Long pass filter

Spectrometer

— 1 L

Valve positioner Syringe pump

Fig. 1. Microplastic analysis system (L : Convex Lens).

e, o] AE|EF AMEE T SE R (PS)F FolF o]
v B 5Re A ETt e EEM]E‘E* (PE)®] Hl&o] XA m
MZet=E 2] 70%) 54tk ol A sl AN AT-E
Q178 AR s ek UW]'ETE}-’:E]% 2 2AE vete}]
g #A o] B3] aHrh

A EetAE S S 98 AF WY T8 A=
manta trawl (manta net)> 3 ZAZHE =Zgdel] 330 um
Z17)9) vlA] mesh 1Eo] RAE A Aoz wrh ¥H 9
£ oy siE AF ST 11]. A8k mesh®] Z71(Y
A0 2 300 pm)ell ofs R 7 sl wAlEEEE A

7] stgto] AR BER o]HT; 22 A7]9 ARE AFH s
Aol B7Fssltt. AP E vAEetEY Al ATode A
HF E 2 (spectroscopic methods)® & 4] % (thermal
methods)©] A-&= 3L Qlou} £ FAH e A9 53k Al
5 AAY A8 H SH 7t AR A7 M, E
A mAlEFELY YAE EF o= Fallsh] Wil Al
271 s E e ©do] lu12]. B3 M dEdR A
Ao BT F = vAEE2ge] A7)t g H e,

27} manta trawlE AFH Se2EHS o2 3 A
AR AR B4 A A+ Aot 4 FUHEHAE 7Hs
A= A71ETH13].

[e

oI5} 21o] SIS0 2lek AEPA 3 2 lie) 3
7ol T $e7} Lhde] bl wek, B Qo)A 57
g HlAEeeE e 4 FYstel 29 5 Ak A S
Y 24 A2 s, Y8 SHMEYS e s vy
Fejg o] £3 2712 TRl $F AHSTgAY QPR
2 ol Feisiat gk,

B ApoME nAZet~Y ®F Al S (polystyrene &

J. Sens. Sci. Technol. Vol. 33, No. 4, 2024

polyethylene microspheres, Lab 261)2} 5/ 5(W0003, A=
3}8}) 100 mLE E%sted A&kt 100, 200, 300, 500 pm =
7] ¥ A|EE syringe pump (PSD/4, Hamilton)2} valve positioner
(MVP/4, Hamilton)Z /3 ¥ fluid systemSZ &Y3l UV
H2 o)A (FQSS266-Q4-1KHZ, CryLas)E Flow cell (FCTN23,
icuvets)®] W& Fdste A8l A5 AL WEE =
& FS Lens paire} 3% 7](AvaSpec-ULS2048CL-RS-EVO,
Avantes)Z 7% optical systemo 2 =74 2 F23517] 93t

nA| Sty A A 2" TRl e, o5 Fig. 10 v
ER AT

Fig. 19] optical systemo|A] UV E X go|A = T4 9%
©] 266 nm, peak power’} 1.2 kWSl B3-S &3] F
cell2 ZAE t}. Fluid system % syringe pump®l 4] -?r
200 ul/s® AP & SHRFS EE EE AEE 59
W7 600 x 600 pm =71¢] Flow cell W52 S35
gojAoA FHHE Bl FFE A8V =E2EHY XFE AR
GFol HHHT o]F BF A EE E¥ele FUE &
valve positionerZ A1} syringe pump 2714 EY =W, valve
positionerl| 4] valve W7-& &3l 7 (wastewater)= w1}
2} B AlBoA HEE 32 Lens paird] 23 FF =
=4, Lens pair= 7% (SMIL15, Thorlabs) W&ol 27]2] &
= (ASL2520-UV, Thorlabs)e} ©F 280 nm Rt} 3]
Ik £33 4 Q= F HIZ 9| Long Pass Filter (FF01-272/
LP-25, Semrock)7} S +AE T}, o] F @ﬂ&} o] FAY
(FC-UVIR400-1, Avantes)E 53 H&H & 4434 =3 A
Z}(integration time) 100 ms P}T} SA3l= o] E37|2 =
2 7 GoollM Fd A EHOR g o] 3 &
HEY dolHE 535t S0 ¢8HH SHRTE @ A
Z ol (cleaning solution)2 AFE-3}4] fluid system 2 flow cell
WHEE MA s

7H u]——zs]. u];ﬂ&g}/\el z;@ /\]}\Eﬂ o= EF_E] oﬂa aq (PE)Sﬂr
Zg] 2B (PS) 2552 100, 200, 300, 500 pm 7]

by 2

RIOrE do £

]_

ol

(g
tu o%m

o
o e

l

I

oY

.l



Development of a System for Analyzing the Types and Sizes of Microplastics in an Aquatic Environment

30000 l —=o0um
I ——300um
25000 200um
| —— 100um
€ 20000
£
S, 15000
= I
‘@
E 10000
£
5000
ok
280 300 320 340 360 380 400
Wavelength [nm]
(a)
=600 ——500um
3000
S 2400
o
[
> 1800
‘®
5
£ 1200
600
Ot I I I I I
280 300 320 340 360 380 400
Wavelength [nm]
(b)
Fig. 2. Spectrum according to sample size ; (a) Polyethylene, (b)
Polystyrene.
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Fig. 4. Normalized Spectrum and Gradient of Fig. 3.
(Dotted Line : Average Calculation Section, Yellow Line :
(a) Polyethylene, (b) Polystyrene.
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Table 1. Gradient value of PE

NO PE
100 200 300 500
1 -0.015 -0.023 -0.024 -0.025
2 -0.011 -0.022 -0.025 -0.025
3 -0.014 -0.022 -0.024 -0.025
4 -0.011 -0.020 -0.025 -0.024
5 -0.013 -0.020 -0.025 -0.024
6 -0.012 -0.019 -0.025 -0.025
7 -0.013 -0.022 -0.025 -0.025
8 -0.018 -0.022 -0.025 -0.025
9 -0.017 -0.025 -0.024 -0.024
10 -0.005 -0.023 -0.024 -0.025
11 -0.012 -0.024 -0.024 -0.025
12 -0.010 -0.021 -0.024 -0.025
13 -0.009 -0.021 -0.024 -0.025
14 -0.013 -0.023 -0.024 -0.025
15 -0.014 -0.020 -0.025 -0.025
16 -0.019 -0.024 -0.025 -0.025
17 -0.015 -0.021 -0.025 -0.024
18 -0.011 -0.024 -0.025 -0.025
19 -0.015 -0.020 -0.025 -0.025
20 -0.011 -0.023 -0.025 -0.025
Mean -0.013 -0.022 -0.024 -0.025
STDV. 0.0033 0.0017 0.0002 0.0002

Table 2. Gradient value of PS
NO PS
100 200 300 500

1 0.015 0.023 0.025 0.025
2 0.015 0.023 0.023 0.025
3 0.014 0.024 0.023 0.024
4 0.014 0.024 0.024 0.026
5 0.013 0.021 0.024 0.025
6 0.020 0.021 0.024 0.025
7 0.014 0.021 0.024 0.025
8 0.015 0.022 0.024 0.026
9 0.015 0.022 0.025 0.024
10 0.012 0.020 0.024 0.025
11 0.009 0.023 0.025 0.024
12 0.016 0.022 0.025 0.025
13 0.014 0.022 0.023 0.024
14 0.015 0.021 0.024 0.024
15 0.011 0.022 0.024 0.026
16 0.013 0.022 0.023 0.025
17 0.010 0.023 0.025 0.025
18 0.016 0.020 0.023 0.024
19 0.015 0.023 0.024 0.026
20 0.015 0.019 0.024 0.024
Mean 0.014 0.022 0.024 0.025
STDV. 0.0023 0.0013 0.0007 0.0007
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Table 3. Integral value of PE

T
100

NO
100 200 300 500
1 15606 76706 339374 770612
2 15391 70534 340375 802898
3 14411 72988 327039 782332
4 14148 65268 325560 800338
5 15039 71663 323094 792510
6 10069 72322 326283 766100
7 14051 68341 321023 743714
8 11644 60589 315590 737166
9 10342 70419 344041 797161
10 18878 66453 325126 776081
1 13778 70763 343782 725697
12 13038 71292 340922 718327
13 14880 74175 324358 726459
14 14060 73780 327381 710142
15 14712 78077 321095 717785
16 13511 72244 315320 697971
17 14743 63559 321504 704905
18 17112 72498 339916 683446
19 15261 64582 336772 729636
20 14996 68160 309575 689707
Mean 14284 70221 328407 743649
STDV. 2022 4428 10311 39179
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Table 4. Integral value of PS

NO PS
100 200 300 500

1 5022 32824 79911 144094
2 5773 32906 79332 136667
3 5751 35895 82268 135077
4 3764 33919 78502 120525
5 4967 33109 83083 127584
6 3701 36517 88269 135007
7 4099 34945 84523 114934
8 3749 31594 80121 140368
9 5657 36585 82970 121859
10 3699 31343 78806 118109
11 6550 32079 85616 140154
12 3447 36609 85616 137696
13 7538 33137 82268 136040
14 9251 36328 77112 126418
15 7836 36645 85529 122535
16 7964 38313 79664 126154
17 5452 38730 79911 132815
18 8820 37630 79332 125847
19 6626 31958 83196 132300
20 9528 39819 85707 133162

Mean 5960 35044 82087 130367

STDV. 1981 2593 3077 8116
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