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Text S1. Fluorescence parallel factor (PARAFAC) analysis
Fluorescence excitation–emission matrices (EEMs) were collected using a fluorescence spectrophotometer (F-7100, Hitachi, Japan). Emission spectra were recorded from 280 to 550 nm at 1 nm intervals, while excitation wavelengths were scanned from 220 to 450 nm with 5 nm increments. Both excitation and emission slit widths were set to 5 nm, and the scanning speed was maintained at 12,000 nm min−1. A 290 nm cutoff filter was applied to minimize second-order Rayleigh scattering. Inner-filter effects were corrected using an absorbance-based correction method[1]. PARAFAC modeling was performed in MATLAB R2015b (MathWorks, Natick, MA, USA) using the DOMFluor toolbox (http://www.models.life.ku.dk). The PARAFAC procedure followed established protocols described in previous studies[2–4]. The appropriate number of components was determined based on model residuals, explained variance, and split-half validation to ensure model robustness and component stability. The maximum fluorescence intensity (Fmax) of each PARAFAC component was used as a proxy for its relative abundance. In total, 110 EEM datasets obtained from eight independent adsorption experiments were included in the PARAFAC analysis.

Table S1. Chemical structure of model microplastics (MPs)
	Microplastic
	Abbreviation
	Chemical structure

	Polyethylene
	PE
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	[bookmark: _Hlk166763626]Polypropylene
	PP
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	Polyethylene terephthalate
	PET
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	PS
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	Polyvinyl chloride
	PVC
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S2

Table S2. Selected physicochemical properties of pristine, O3-aged, and UV-aged MPs
	[bookmark: _Hlk174316945]MPs a
	Molecular weight b
	
	BET
	Average 
particle size c 
(μm)
	Total C d
(%)
	Total O
(%)
	O/C
	H/C
	Hydrophobic C (%)
	Hydrophilic C (%)

	
	Mn 
(104 Da) 
	PDI
	
	surface area (m2 g−1)
	Micropore volume
 (10−4 cm3 g−1)
	Micropore width
 (nm)
	
	
	
	
	
	
	

	PE
	2.28 ± 0.07
	1.74
	
	0.26 ± 0.01
	0.17 ± 0.04
	1.13 ± 0.06
	61.2 ± 26.4
	91.32
	7.71
	0.084
	0.147
	95.54
	4.46

	PE-O3
	2.40 ± 0.07
	1.71
	
	1.12 ± 0.05
	0.32 ± 0.06
	1.13 ± 0.05
	27.1 ± 19.4
	84.47
	14.97
	0.177
	0.149
	82.93
	17.07

	PE-UV
	2.42 ± 0.07
	1.66
	
	1.64 ± 0.09
	0.38 ± 0.09
	1.13 ± 0.06
	24.8 ± 19.4
	91.06
	8.08
	0.089
	0.153
	91.43
	8.57

	PP
	2.60 ± 0.08
	1.68
	
	0.65 ± 0.01
	0.55 ± 0.11
	1.10 ± 0.07
	131 ± 45.1
	98.70
	2.30
	0.000
	0.149 
	95.17
	4.83

	PP-O3
	2.41 ± 0.07
	1.75
	
	0.85 ± 0.03
	0.81 ± 0.10
	1.12 ± 0.06
	78.4 ± 19.4
	90.85
	8.21
	0.090
	0.151
	66.54
	33.46

	PP-UV
	2.17 ± 0.07
	1.75
	
	1.47 ± 0.07
	1.44 ± 0.09
	1.13 ± 0.06
	101 ± 42
	97.76
	1.46
	0.015
	0.153
	78.74
	21.26

	PET
	2.74 ± 0.08
	1.97
	
	0.93 ± 0.03
	0.59 ± 0.10
	1.13± 0.06
	24.7 ± 7.2
	69.16
	30.33
	0.438
	0.054
	64.40
	35.60

	PET-O3
	2.29 ± 0.07
	2.23
	
	0.66 ± 0.01
	1.23 ± 0.17
	1.11 ± 0.07
	23.0 ± 7.8
	70.25
	29.16
	0.415
	0.066
	51.55
	48.45

	PET-UV
	2.74 ± 0.08 
	2.01
	
	0.56 ± 0.01
	0.75 ± 0.11
	1.12 ± 0.06
	25.3 ± 8.0
	69.11
	30.23
	0.437
	0.064
	59.83
	40.17

	PS
	7.36 ± 0.22
	2.63
	
	0.58 ± 0.01
	1.02 ± 0.11
	1.12± 0.07
	108 ± 36
	100.0
	0.00
	0.000
	0.070
	96.29
	3.71

	PS-O3
	6.88 ± 0.20
	2.73
	
	0.57 ± 0.01
	0.60 ± 0.08
	1.12 ± 0.06
	132 ± 33
	59.12
	38.63
	0.653
	0.078
	75.69
	24.31

	PS-UV
	6.18 ± 0.18
	3.17
	
	0.86 ± 0.01
	1.43 ± 0.19
	1.11 ± 0.07
	135 ± 28
	75.23
	21.37
	0.284
	0.078
	77.66
	22.34

	PVC
	7.84 ± 0.23
	2.09
	
	4.71 ± 0.05
	7.22 ± 1.10
	1.06 ± 0.07
	0.764 ± 0.308
	71.81
	1.91d
	0.027
	0.122
	82.50
	17.50

	PVC-O3
	2.96 ± 0.09
	1.95
	
	4.75 ± 0.02
	8.37 ± 1.43
	1.03 ± 0.09
	0.667 ± 0.293
	71.57
	5.23
	0.073
	0.116
	63.28
	36.72

	PVC-UV
	8.72 ± 0.26
	1.93
	
	4.52 ± 0.03
	7.01 ± 1.10
	1.06 ± 0.07
	0.620 ± 0.284
	70.01
	4.16
	0.059
	0.115
	74.78
	25.22


a The suffixes “-UV” and “-O3” denote microplastics subjected to UV and ozone aging, respectively. b Mn represents the number-average molecular weight, determined by gel permeation chromatography (GPC). c Surface elemental composition and carbon functional group speciation were analyzed by X-ray photoelectron spectroscopy (XPS). d Surface elemental composition and carbon functional group speciation were analyzed by X-ray photoelectron spectroscopy (XPS). 


Table S3. Freundlich isotherm fitting parameters for SRFA and SRHA adsorption on pristine, O3-aged, and UV-aged MPs
	MPs-SRFA
	Freundlich model
	MPs-SRHA
	Freundlich model 

	
	KF (mg C1−nLn g−1)
	n
	R2
	
	KF (mg C1−nLn g−1)
	n
	R2

	PE-SRFA
	0.390 ± 0.061
	0.587 ± 0.072
	0.958
	PE-SRHA
	0.288 ± 0.022
	0.824 ± 0.036
	0.995

	PE-O3-SRFA
	1.459 ± 0.080
	0.175 ± 0.030
	0.925
	PE-O3-SRHA
	0.232 ± 0.036
	0.759 ± 0.066
	0.986

	PE-UV-SRFA
	0.878 ± 0.045
	0.265 ± 0.026
	0.969
	PE-UV-SRHA
	0.849 ± 0.031
	0.098 ± 0.019
	0.887

	PP-SRFA
	0.540 ± 0.067
	0.336 ± 0.057
	0.925
	PP-SRHA
	0.421 ± 0.053
	0.184 ± 0.059
	0.810

	PP-O3-SRFA
	0.326 ± 0.062
	0.573 ± 0.086
	0.936
	PP-O3-SRHA
	0.510 ± 0.051
	0.163 ± 0.047
	0.824

	PP-UV-SRFA
	0.222 ± 0.052
	0.618 ± 0.101
	0.936
	PP-UV-SRHA
	0.514 ± 0.067
	0.234 ± 0.064
	0.806

	PET-SRFA
	0.285 ± 0.034
	0.617 ± 0.052
	0.981
	PET-SRHA
	0.176 ± 0.035
	0.879 ± 0.087
	0.975

	PET-O3-SRFA
	0.125 ± 0.008
	0.835 ± 0.087
	0.930
	PET-O3-SRHA
	0.222 ± 0.024
	0.912 ± 0.048
	0.993

	PET-UV-SRFA
	0.264 ± 0.012
	0.246 ± 0.021
	0.985
	PET-UV-SRHA
	0.289 ± 0.039
	0.823 ± 0.062
	0.986

	PS-SRFA
	0.530 ± 0.083
	0.376 ± 0.074
	0.889
	PS-SRHA
	0.519 ± 0.136
	0.639 ± 0.127
	0.925

	PS-O3-SRFA
	0.376 ± 0.061
	0.336 ± 0.070
	0.938
	PS-O3-SRHA
	0.537 ± 0.077
	0.423 ± 0.067
	0.954

	PS-UV-SRFA
	0.882 ± 0.110
	0.183 ± 0.055
	0.860
	PS-UV-SRHA
	0.408 ± 0.060
	0.673 ± 0.070
	0.973

	PVC-SRFA
	0.475 ± 0.026
	0.437 ± 0.026
	0.989
	PVC-SRHA
	0.402 ± 0.062
	0.843 ± 0.075
	0.986

	PVC-O3-SRFA
	0.121 ± 0.027
	0.540 ± 0.093
	0.940
	PVC-O3-SRHA
	0.629 ± 0.059
	0.569 ± 0.047
	0.980

	PVC-UV-SRFA
	0.422 ± 0.009
	0.102 ± 0.011
	0.959
	PVC-UV-SRHA
	0.430 ± 0.053
	0.705 ± 0.060
	0.982



Table S4. Chemical composition of Suwannee River fulvic acid (SRFA) and humic acid (SRHA)
	Type of DOM
	Elemental composition (wt%) a
	
	13C NMR estimates of carbon distribution a

	
	C
	H
	O
	N
	S
	
	Carboxyl
	Carbonyl
	Aromatic/benzene
	Acetal
	Heteroatomic aliphatic hydrocarbons
	Aliphatic hydrocarbons

	SRFA
	53.30
	3.98
	41.81
	0.66
	0.41
	
	4.2
	15.6
	28.9
	8.1
	13.3
	27.4

	SRHA
	54.59
	3.90
	40.03
	1.50
	0.55
	
	3.9
	12.8
	35.3
	8.9
	13.4
	23.9


a Elemental composition and 13C NMR data were provided by International Humic Substance Society (IHSS). 13C NMR values represent the percentage distribution of carbon among functional-group classes.
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[bookmark: _GoBack]Figure S1. Adsorption of SRFA and SRHA on pristine, O3-aged, and UV-aged MPs. Error bars represent ±1 standard deviation of triplicate measurements (n = 3).
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Figure S2. Parity plots and residual error distributions comparing experimentally measured and neural network-predicted distribution coefficients (Kd) for the adsorption of SRFA and SRHA on microplastics. The plot shows a 1:1 line comparison between predicted and real Kd values.
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Figure S3. High-resolution X-ray photoelectron spectroscopy (XPS) C 1s spectra of pristine, O3-aged, and UV-aged MPs. Deconvoluted peaks at binding energies of approximately 284.6, 286.6, 287.8, and 288.8 eV are assigned to C–C/C=C (aliphatic or aromatic carbon), C–O (epoxy or hydroxyl), C=O (carbonyl), and O–C=O (carboxyl) functional groups, respectively.


[image: ]
Figure S4. Fourier transform infrared (FTIR) spectra of pristine, O3-aged, and UV-aged MPs. Shaded regions highlight the main oxidation-sensitive bands (including C–O stretching (~1000–1300 cm−1) and C=O stretching (~1700–1750 cm−1)) and C–H stretching (~2950–2850 cm−1).
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Figure S5. Percentage change in the DOM distribution coefficient of aged MPs relative to that of pristine MPs (ΔKd%) following O3- and UV-aging for SRFA (a) and SRHA (b). ΔKd % was calculated as [(Kd,aged−Kd,pristine)/Kd,pristine]×100%. Positive values indicate increased adsorption after aging, and negative values indicate decreased adsorption.
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