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Beer E A1 F 2R A

1.6
14+
12+
2 1.0F
=
™ 08 F
E
= 06F
O NaCl
0.4 o MgCl,
02} A CaClz
0 — AR LA
0 200 400 600 800 1000

¢ (EHLEL ) /(mmol - L)
B 5 ZHEIRESIN UV-Vis RXEERIELMERE

2.3 FZHLEEEZT PSNPs A zE
& 6-a~c E/n T 3 Fh JCHLEL 5 PSNPs R & AU K

F2 EFARXQG)MELHEIKRESITN UV-Vis I E 8
BIELMIAFIERXESH

R G
T 5
%ﬁ Radj
NaCl »=0.005 0x*7'*~0.008 8 0.998
MgCl, ¥ =0.008 6x°7813-0.026 1 0.999
CaCl, y=0.011 8x"73-0.048 2 0.999

FE 190~340 nm U B 70 [ P A9 45 41 06 35 &1 e 36T 3% 2
Xt 1 5 2 B 45 T ML 5 PSNPs 78 % £ 205 nm 4b
MW 6 5 . 24 NaCl, MgCl,. CaCl, ¥ J& 43 il by
100, 20, 20 mmol + L™ B, X5z (OG5 514 0.173 8.,
0.063 2. 0.074 4; J& T 2= (B LI 545 2 4 W h s n 3.
8. 15 mg - L' i PSNPs X I W 5 B, NaCl i W A Ik
g 0.292 6+0.000 4. 0.909 1+0.000 6, 1.769 8+0.001 1,
MgCl, I ¥ # ¥ A 0.312 6+0.003 4, 0.823 7+£0.011 0,
1.445 7+£0.016 7, CaCl, i W K X 2 0.307 7+0.000 2.
0.415 8+0.030 2. 0.650 3+0.003 6. ¥ FRZEFACA PSNPs
B bRk, WLEE EI] NaCl 5 0% . PSNPs B W 6 B - Ji
S oA AR HobR 2k 95% BB AR X RSB N, bRk
W2 % BE ) 98.2%+3.0%; AH b Z T, MgCl,. CaCl, ¥
LA 3 mg « L' 1Y PSNPs X i W )l 8 78 HibR 2k & 15 X
[, R bs 2k W E 19 99.2%+1.0%, 11 8. 15mg « L™
i) PSNPs W 't B A A 5 42 W O B2 (1) 38.7%~90.6%, H.
CaCl, ¥ X N I O B2 R AIC T, mTRB U IR 0 4
J& B T 175 & PSNPs 41 11 UL R, 5 350 H W % B B 1%
(K 6-d). Shams %5 1 fff 5% T NaCl, MgCl,, CaCl, X}
PSNPs 5 UL A7 24 #9352 W, 0 530 X 1z i 3 1A 3R e
(CCO)ME MR K 800, 25, 10 mmol - L™, | TAHF5E
1 NaCl #¢# 4 100 mmol « L', ik T H CCC {#, PSNPs
JELINE TA] PN RE DR 1 20 HORR € MHILZ T, A BF5E b
MgCl,. CaCl, 4% 8 K T3 CCC fH, 4 AT % i 1] N 75
S UKL K A SR & AR U R, g 208 A5 X B T TR
PSNPs W ) B FAIS.

3 #Zip

DK e B PSNPs 78 I8 5 4P X (190~340 nm) H. A
KA W R, {H NaCl, MgCl,, CaCl, ££ 192~230 nm
W B A TE 00 25 W WS B A B 38 n A A 41, R 3
e B 55 0O B R 26 P G 2R I 25 Lambert-Beer & £, 1%
eI 2R T VA AR R EE K AR ol PR AZ R

2) 5N LIRS E R CIVR E 5 10R, H 5 & KRk
W7 B AR DG R, AT AR B I IR b A R e
BERY s A& IF 5 AR UG O B M 42 =, e 08 o ff R AR
AN TR ER 0 e B AR Ak



53 M T A BT TCHLER X 58 A0 - 1T DL RSO 2 0 2 2R 2R 2 0 4 K BB R Y 52 T 5548 1 T vk 353
20 Fa 5 ﬂ(PSNFs)%u,égi’) 20 'b 2 /,(PSN’mz(;wgéL")
5 -y
5 1.5 F 200 240 280 320 5 L5 200 240 280 320
é Wek/nm 5 Weke/nm
g g
L0 O, o L0,
x [ LS = O e,
= =)
0.5 05
0 0
3 8 15 3 8 15
p (PSNPs)/(mg - L) p (PSNPs)/(mg - L)
20 rc i /J(PSNPS)/(FEIEgHi- ) 55l d Arsseaosam = 0.120 2¢pgup, — 0.047 3, R2; = 0.998
%El E = O PSNPSHREE TR B
LS| U [ 2Or o PSNPSRE, s,
§ WK mm :, S%E'f—‘_ l: I‘ﬂ .,,"'.®
e R 95%MIX A o A
& s m
;%( 1.0 | i%( 1ok g
g | I&#EPSNPS é‘K EE N4
05 _- u&ﬁrgmmz 0.5+ v PSNPs Tl 5 i -
' P 3 O NaCl#ll
otm A MeCLE W
. . . v CaCl i
3 8 15 0 5 10 15 20
p (PSNPs)/(mg + L) p (PSNPs)/(mg + L)
[El 6 PSNPs7E NaCl(a). MgCl(b). CaCL(c¢)i& & HIIRIEE 05 om o bL BTN S E 5370 (d)
3) 3 FAE IE B AL A% 1 NaCl % i ' PSNPs Jii &= occurrence of microplastics and nanoplastics in the

e BE A E D6 BE R2, 7T 35 0.998, 1H MgCl,. CaCl, ¥ ¥ X
N AR E A R 2%, B F Mg™ 5 Ca? T 23 s
it H CCC i I} 2% 5 PSNPs & 4= B UL, ffi UV-Vis fil]

& T B
4 BEW

BT A ROEEMIEE [M]. dbat: B2z R, 2020
Yan M T, Nie H Y, Xu K H, et al. Microplastic abundance,

(1]

[2]
distribution and composition in the Pearl River along
Guangzhou city and Pearl River estuary, China[J].

Chemosphere, 2019, 217: 879

X4 . BT RS-CPE-p-FTIR BYERYL) U] BE s v b 15

PGS [D]. T TZREAFIRE, 2021

e &, XIEFR, BriaA:, 55 ORRHIE L] K HFREE

T ATERIERTSEE R [7]. PREERLE, 2023, 44(8): 4728

Li W, Zou H W, Zheng Y G, et al. Microplastics in aquatic

[3]

[4]

[5]
environments: detection, abundance, characteristics, and

toxicological studies[J]. Environmental Monitoring and
Assessment, 2025, 197(2): 150

[6] Kosuth M, Mason S A, Wattenberg E V. Anthropogenic

contamination of tap water, beer, and sea salt[J]. PLoS One,

2018, 13(4): €0194970

[7] Onyedibe V, Kakar F L, Okoye F, et al. Sources and

environment[M]//Current Developments in Biotechnology
and Bioengineering. Amsterdam: Elsevier, 2023: 33

W1 B, A, BT, A5, FREE KA IRL AT 5
FEHERE [7]. HOKEOR, 2022, 41(10): 23

JBE FLRR, PR, RIR B, 55 KRBT h iR S e AT oY
ER [3]. Tk 4b3E, 2022, 42(8): 1

[10] Jung S, Cho S H, Kim K H, et al. Progress in quantitative

(8]

[9]

analysis of microplastics in the environment: a review[J].
Chemical Engineering Journal, 2021, 422: 130154

TR, 5308, SAMAT WML IE TR S A PR s i o
BRI [J]. BEACREA{ AR, 1998(6): 36
Ifon B E, Rashid A, Suanon F, et al. Comprehensive optical

[11]

[12]
analysis of aqueous dissolved organic matter: from

sampling techniques to analytical interpretation[J].
Microchemical Journal, 2025, 212: 113437

[13] Birkmann J, Pasel C, Luckas M, et al. UV spectroscopic
properties of principal inorganic ionic species in natural
waters[J]. Water Practice and Technology, 2018, 13(4):
879

[14] Guan L, Tong Y F, Li J W, et al. Research on ultraviolet-
visible absorption spectrum preprocessing for water quality
contamination detection[J]. Optik, 2018, 164: 277

[15] Zhu Y Z, Song Y H, Yu H B, et al. Characterization of


https://doi.org/10.13227/j.hjkx.202209157
https://doi.org/10.1371/journal.pone.0194970
https://doi.org/10.15890/j.cnki.jsjs.2022.10.004
https://doi.org/10.1016/j.cej.2021.130154
https://doi.org/10.1016/j.microc.2025.113437
https://doi.org/10.2166/wpt.2018.097
https://doi.org/10.1016/j.ijleo.2018.03.034

354 U R 2 27 4l (A AR B¢ i) o562 &
dissolved organic matter in Dongjianghu Lake by UV- [23] Johnson K S, Coletti L J. In situ ultraviolet

[16]

[17]

(18]

[19]

[20]

[21]

[22]

visible absorption spectroscopy with multivariate

analysis[J]. Environmental Monitoring and Assessment,
2017, 189(9): 443

Mintele W, Deniz E. UV-VIS absorption spectroscopy:
Lambert-Beer reloaded[J]. Spectrochimica Acta Part A:

Molecular and Biomolecular Spectroscopy, 2017, 173: 965

Yang X H, An C J, Feng Q, et al. Aggregation of
microplastics and clay particles in the nearshore
environment: characteristics, influencing factors, and

implications[J]. Water Research, 2022, 224: 119077
WulY,LiulY, WuP X, et al. The heteroaggregation and

deposition behavior of nanoplastics on Al,O; in aquatic

environments[J]. Journal of Hazardous Materials, 2022,
435: 128964

Yeh Y C, Ebbing T, Frick K, et al. Improving
determination of pigment contents in microalgae

suspension with absorption spectroscopy: light scattering
effect and Bouguer-Lambert—Beer law[J]. Marine Drugs,
2023,21(12): 619

Currie L A. Detection and quantification limits: origins and
historical overview[J]. Analytica Chimica Acta, 1999,
391(2): 127

Marcus Y. Effect of ions on the structure of water: structure
making and breaking[J]. Chemical Reviews, 2009, 109(3):
1346

Tong A X, Tang X J, Zhang F, et al. Predicting the redshift
on the ultraviolet spectrum using the peak area method[J].

Applied Optics, 2020, 59(7): 1823

[24]

[25]

[26]

[27]

[28]

[29]

spectrophotometry for high resolution and long-term
monitoring of nitrate, bromide and bisulfide in the ocean[J].
Deep Sea Research Part 1: Oceanographic Research
Papers, 2002, 49(7): 1291

Collos Y, Mornet F, Sciandra A, et al. An optical method
for the rapid measurement of micromolar concentrations of
nitrate in marine phytoplankton cultures[J]. Journal of
Applied Phycology, 1999, 11(2): 179

Tong A X, Tang X J, Zhang F, et al. Study on the shift of
ultraviolet spectra in aqueous solution with variations of the
solution concentration[J]. Spectrochimica Acta Part A,
Molecular and Biomolecular Spectroscopy, 2020, 234:
118259

Ikehata A, Morisawa Y. Observation of solid-liquid phase
transitions of brine using the far-ultraviolet charge-transfer-
to-solvent band[J]. The Journal of Physical Chemistry B,
2023, 127(28): 6325

Winter B, Aziz E F, Ottosson N, et al. Electron dynamics in
charge-transfer-to-solvent states of aqueous chloride
revealed by CI™ 2p resonant auger-electron spectroscopy[J].
Journal of the American Chemical Society, 2008, 130(22):
7130

Zhao Z, Rogers D M, Beck T L. Polarization and charge
transfer in the hydration of chloride ions[J]. The Journal of
Chemical Physics, 2010, 132: 014502

Shams M, Alam I, Chowdhury 1. Aggregation and stability
of nanoscale plastics in aquatic environment[J]. Water

Research, 2020, 171: 115401

UV-Vis absorption spectroscopic measurements of polystyrene
nanoplastics - interference from NaCl, MgCl,, CaCl, and
their corrections
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Abstract

Micro/nanoplastics (M/NPs) are widely distributed in aquatic environments, are significant threats to

aquatic life as carriers of pollutants. Ultraviolet-visible (UV-Vis) spectrophotometry, due to simplicity and sensitivity,

holds potential for environmental analysis. The UV-Vis absorption spectra (190-1 100 nm) of polystyrene

nanoplastics (PSNP, ¢ = 100 nm) were measured. Spectral interference from NaCl, MgCl, and CaCl, were analyzed.
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PSNP and these inorganic salts showed overlap in absorption in the region of 190-340 nm. Increases in CI
concentration were found to induce redshifts in resultant spectra, leading to deviations from the Lambert-Beer law, to
interfer with the quantitative determination of PSNPs. Redshifts were corrected to construct a nonlinear quantitative
model, with goodness-of-fit (R%;) for NaCl, MgCl,, and CaCl, solutions improved to 0.998-0.999. Model validation
using mixed systems indicated that predicted absorbance of PSNPs in NaCl solution reached (98.2 + 3.0)% of
standard values. However, when MgCl, and CaCl, concentrations approached or exceeded critical coagulation
concentration (CCC), aggregation and sedimentation of PSNPs occurred, resulting in a significant decrease in
absorbance. Overall, the proposed redshift-corrected nonlinear model could effectively enhance accuracy of
quantitative M/NPs analysis of environmental waters.

Keywords micro/nanoplastics; UV-Vis; spectral redshift; inorganic salts; quantitative analysis model
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