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Abstract: The soil-water partition coefficient (K;) of per- and polyfluoroalkyl substances (PFAS) was predicted using machine
learning (ML) models, and their partitioning behavior in soils was elucidated. A dataset comprising 1,227 samples of 47 PFAS was
employed, with 16 PFAS physicochemical properties and soil parameters used as input features. It was demonstrated that the 1gKy
values ranged from —1.40 to 3.95. When the number of CF, groups exceeded 5and the molecular weight (MW) was greater than
400g/mol, significant linear relationships were observed between IgKd and both the CF, number and MW, with R? values of 0.96 and
0.94, respectively. The influence of soil properties on PFAS adsorption was found to be dependent on the type of PFAS:
non-zwitterionic PFAS were mainly affected by organic carbon content and silt content, whereas zwitterionic PFAS were primarily
influenced by silt and sand content. After parameter optimization, the ML model exhibited good predictive performance, achieving
an R* of 0.85, an RMSE of 0.35, and an MAE of 0.26. MW, organic carbon content, water solubility (1gS), and net charge density
were identified as the most important features, with contribution rates of 31.6%, 29.8%, 19.7%, and 10.0%, respectively.
Three-dimensional interaction analysis indicated that when soils with high organic carbon content, high cation exchange capacity
(CEC), and low pH were combined with PFAS of large MW, IgK, exceeded 0.40, reflecting strong adsorption. Conversely, under
conditions where CEC was below 8.00 cmol/kg, organic matter content was less than 1.00%, and MW was below 380g/mol, 1gKy
was lower than 0.40, indicating weaker adsorption and higher potential for environmental migration. The findings provide a reliable
tool for predicting the adsorption behavior of PFAS.
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Table 3  Statistical values of targets and features in the

datasets
RiINI=N H
U BOME SO WM bR E’(*Ojﬁ
MW (g/mol) 113.93  770.07 44645 9876  22.12
1gKow 0.90 9.00 4.65 1.24 26.64
lgS -2.69 7.99 2.68 1.62 60.69
pKa -020  14.20 0.72 220  306.80
WHGTHE(Clg) 8539  187.56 -221.42 118.99  53.74
CJR T4 2 19 8.07 2.46 30.41
F J-74 3 27 15.04 3.62 24.06
CF, B g% 1 13 7.03 1.81 25.76
C/F ittt 0.28 0.73 0.34 0.08 23.56
F iU 5 50(%) 4333 71.85  63.86 5.88 9.21
pH 18 2.76 8.96 6.40 1.22 19.05
CEC(cmol/kg) 0.05 140.00  19.03  21.13  110.99
HHBR TR E(%)  0.03 53.60 4.71 10.51  223.05
i 5y B (%) 0.00 100.00  46.21 2297 4972
MR E(%)  0.00 100.00  27.62 19.64  71.11
s E%)  0.00 69.30 2559 1687  65.90
K W HUE (1gKq) -1.40 3.95 0.77 0.92 119.03
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Fig.1 The distribution of 1gK values for PFAS in the datasets
BRI A 72 2045435104 TFAL FBSA. PFBA. PFBS. PFPeA. PFPeS.
4:2FTOH. 4:2FTS. FHxSA. GenX. PFHxA . PFHxPA. PFHxS. ADONA .
PFHpA. PFHpS. 6:2FTOH. 6:2FTS. 8:2CI-PFAES. PFEtCHxS. PFOA.
PFOPA. PFOS. PFOSA. PFNA. PFNS. 8:2FTOH. 8:2FTS. EtFOSA.
PFDA.PFDPA.PFDS. AmPr-FHxSA.N-MeFOSAA.PFUnA.10:2FTOH.
N-EtFOSAA. PFDOA. TAmPr-FHxSA. PFTrA. PFOAAmS. PFOAB.
PFTeA. 6:2FtSaB. PFOSB. 8:2FtSaB fl 10:2FtSaB



334 PU &

LT AT RN AS 2 ST 1) PFAS 38 S B LA 1465

M 2(a)n] LLJIIE, J24E PFAS ¥ 1gK, {85 ik 5E
BOTCAH A, 3K 3 B B B B I AN e e T B8 R
E PFAS IR B, LK o {8 22 5 1) fig 0 2 JH DX T4
B PFAS BT JE 4145 -3 2 thi AR 44 1 YA 6 T
K% PFAS, fH 5% PFAS (1 1gK4 {H }1-0.48~0.003, 1. 5¢
5 KA S B A R s TR, 52 LR i
HISEIA /N, X6 FBSA Al ADONA 3 Itk W .
KHE PFAS (1 1gKy -5 0EE A B e AH et
(R*=0.93), V¥ /0 1 AMREERL 1K, {EHRE R 0.38 X
KA IX R BIRET KB PRFAS B /K P 2 W B i 2
R 50 3,3 55 2 R (0K 2 B e g — 3 P A,
X TP 7 PRAS,IgKy 155 05 FERCRAT IEAH G
(R*=0.82), VY141 1 MRS 1gK, EIRF 0.34 X
G

CRTFH<6 |CHTH=7 Witk B T
3F :
2+
3,1
oF @ *g
a :
1F (@)CE 4 gk % &
0 2 4 6 8 10 12 14 16 18 20
CIE T4
4
3F
2 F
|
OF ®
)
-1F (b)CF, B e M 51gK ok &
0 2 4 6 8 10 12 14

CF, B RERI%L

Kl 2 CJs7H CF, B e EON 1gKq (H K520
Fig.2 Impact of C atoms and CF, groups on IgKy values
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Fig.3 Impact of molecular weight on IgKj values
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Fig.7 Scatter plots of measured 1gK, values and ML model predicted values
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Fig.9 The partial dependence plots (PDPs) for the GBRT model
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