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Abstract: In order to investigate the composition and spatial distribution of per- and polyfluoroalkyl substances (PFAS) in the
water environment in the Yellow River Delta wetland, this study collected and analyzed six common PFAS pollutants in 30
wetland water samples, performed source apportionment using the Positive Matrix Factorization (PMF) model, and assessed their
potential aquatic ecological risk through risk quotient (RQ) evaluation. The results showed that perfluorooctanoic acid (PFOA),
as one of the predominant PFAS pollutants in the region, was detected in all samples (detection frequency 100%), with a maximum
concentration of 461.32 ng/L. Detection frequencies for perfluorooctanesulfonic acid (PFOS), perfluorononanoic acid (PFNA),
perfluorobutanesulfonic acid (PFBS), perfluoroheptanoic acid (PFHpA), and perfluorohexanesulfonic acid (PFHxS) ranged from
30.0% to 96.67%, and the total PFAS concentration was higher on the southern bank of the Yellow River than on the northern
bank. PMF source apportionment identified three main contamination sources: production and industrial wastewater discharge

related to fire-fighting foam (22.41%), degradation of precursor compounds (24.00%), and production and industrial wastewater
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discharge associated with fluorinated compounds (53.59%). Risk quotient assessment indicated that PFOA and PFNA posed
moderate and low ecological risks to algae, respectively, while PFOA presented a low risk level to daphnia, shrimp, and fish.
Fluorochemical industrial production and wastewater discharge, along with PFOA, constituted the predominant ecological risks
in the study area, warranting attention to long-term exposure risks and priority control. This research provides critical scientific
support for source control and risk assessment of PFAS in the Yellow River Delta.
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Fig.1 Sampling sites in the study
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Tab.1 Molecular formulas, detection limits, quantitation limits, surrogates and recovery rates for different PFAS

WwEY 3l R/ (ng/L) SEmPR/ (ng/L) B ELiENA
PFOS CgF17SO:H 0.019 0.063 13C4-PFOS 115.0+2.1
PFOA C7F1sCOOH 0.006 0.019 13C4-PFOA 111.6+12.4
PFNA CgF1,COOH 0.004 0.014 13Cs-PFNA 107.0£5.3
PFHxS CsF13SO:H 0.100 0.333 180,-PFHxS 93.7+84
PFHpA CgF13COOH 0.020 0.066 13C,-PFHpA 86.5+10.3
PFBS C4FoSO;H 0.214 0.640 180,-PFHxS 82.14+9.8
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Tab.2 Toxicity data of 6 PFAS for different aquatic organisms
ECs0 8 LCso(ng/L)

PFAS TE KE e FES B4
PFBS 1.40x10° 2.01x10° 3.60x10° 3.80x10°

PFHpA 7.85%10° 2.45x107 3.54x107 4.14x107

PFHxS 1.30x108 1.90x108 2.20x108 3.01x108 [42]
PFOA 1.43x10° 7.44x10°0 1.01x107 1.62x107

PFNA 2.56x10° 2.22x10°6 2.84x10° 6.26x10°

PFOS 4.15%10° 1.69x107 2.37x107 3.26x107
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30%~96.67%, fx/MHEAN ND CRAZHD, PFHpA fK{EN 36.20 ng/L, &R N E/KF. T PFOA &t
F100%, FrAFEHASIERE, FRERE wA 8.06~461.32 ng/L, HAMEITEBIERE (kK IE
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Tab.3 Statistical table of groundwater components and characteristic pollutants

JR IR EE wi(ng/L)
ik

PFBS PFHpPA PFHXS PFOA PFNA PFOS

R/MA ND ND ND 8.06 ND ND
SZNE] 11.40 36.20 10.18 461.32 17.81 5.24
FHE 3.12 8.65 1.99 97.49 3.08 0.90
ERDR 2.09 5.15 0.50 83.99 2.00 0.35
A5 R H% 95.36 115.51 137.00 87.33 116.26 137.30
%% 83.33 80.00 33.33 100.00 96.67 30.00
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26.39~234.64 ng/L; M F PFAS K HIEE 5~6 fhd:, DEKH/NTF 4 F, YePFAS W 73.90~
500.51 ng/L. 6 ' PFAS 542414, PFOA )% 5 EE 68.30%~94.68%, 4 mifk =5 ez —, HasHE
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Fig.2 Spatial distribution of detections and total concentrations of PFAS contaminants
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Fig.3 Heat map of PFAS contaminant correlation in water
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Fig.4 PMF model observed vs. simulated concentration
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Fig.5 Source composition spectrum of six contaminants of PFAS derived from PMF model
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PFNA Tk RS, X 54E5KEE PFAS TJEHE . PFOS FIHAH M ARG, S ZMAHT
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[5910 % E % PFOS 8247 T K B BOR, b4 =, Ful. A O, 455X N PFOS KR
K ND~5.24ng/L, #HEH 30% (£ 3), K PFOS MEHMRMEHME M E MG T HEHR, Mtk
[AF 2 1 [ PFOS EERIFFRIAIL S WIM4fR. 5 PFOS ALk, PENA HITBi/K. BiMIhaEMisEME
AL, BORIET BT BE R AR0), Pan ZFOURF 5388, 4 PFOA/PFNA<7, PFNA V543 BRIF
TIA#ERIE; 45 7<PFOA/PFNA<15, PFNAJ54:FERIET TV A 4 PFOA/PFNA>15, PFNAYS
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(E 6), ULHX N PFNA FERIFE TR &R f# . PFNA 5 PFOS MR ECH 0.62 (] 3), thENE
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T 3 %t PFOA IHIf#REN 47.48%, L PFOA AHICIHEE Tolki5 Yl k. PFOA &A1 R I & Wi
(PTFE) MFATIFIN T3, 8% 5 & R S HE fi TA ¢, thah, JELKHE PFAS TEIFES
] B AR B PEOARY., BF 5 [X R 48 1) /NS TN A B R K AR STt KA PFOA, 55 RMESM
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S B TTERY 53.59%, MM ERERIEZ —, FIAREE T 3w SChE AL A Tl A =5 Rk HE
i

ANFIE T4 % S BE 5 SPFAS MIRERI TR LI 7. BATI S, BT 1 FH5ECA 23.60%, BT 2 F
BITTHR 9 32.01%, RT3 SFITTHRN 44.39%. FARBIRFE S, /KRR S W17, BT 2 FIFET 3 15Tk
AN 19.18%F1 80.82%, I+ 1 TIdkF A 0, AZ4@maE Tlizm; /K Wi, B+ 1 fRE+ 3
[FITTER S 2370 A 9.25%H1 90.75%, HF 1 STHRER AN 0, K25, HENE 7 3 e LR A
M FEAT, BERKANA A ID IR RSB F K, REARIT: MECREE A W21, HF 1. HF 2 FEF 3
TTHERZE A A 20.13%. 24.10%F1 55.76%, B+ 3 NFEZEDTERIE; /K= FRFERFE L W02, W08 Fl1 W22,
FT 1 TTHRER 0~3.63%, BT 2 TTHRE 62.82%~67.53%, KT 3 TTHRZE 31.78%~36.07%, TEHZ 4K
EEI SRR SR TS PIiE %, BHEREES 24 D, RS YETTIRR ZRE K, Bk
ma, HTF3ERNFLATTERZER K, FF 1 AKET 2 Tk AR —5.

= ECTO Ty =

|._l .I. l Ill
_________ ERSAR

$33333533353233525280s00020222
B 7 FHETASREE R 2 PRAS SIKRPETTIR
Fig.7 Contribution of each factor to the total concentration of XPFAS at the sampling sites
3.4 SR
A FEARBE S TS RMIX R A G T AR ZR, Y ePFAS 1 g i il B Al s i A S XU K P o BIFFT
X 4 Fp g ROK A A PRAS iR BEKCOT- 22 T IS B ILIET 8 45 SRR W], PFOA. PFNA X B AR B



Jol g UG R XU s PRFOA XS 7K & MRS AN £ 288 1) A 25 B A R U 7K, RS 5 ity . AT
&, PFOA. PFNA ES R K, PFHpA. PFOS A& XK, PFBS. PFHxS AEZASRRH/N, Y6PFAS
AR K5 PFOA B8 % —5.

RIS 1500

) 0
Al - = 1k +
1 ) = B BN o1
1E-02 =3 107 - 0
o0 = [
= 1 o o 1 .
& [
A T - = Ikut .
1E - 1E:06 -
101 ‘ot
L RS U8 3 3
LEA - - - - - - - L S - - - - -
FEBS  PRHpA 'FEGS PFOA PINA 906 Y PFAS PIBS  PFHpA PEHESS PRFOA - PENA PROS YTRAS
LEve 1E 00
0s 0s
1E-0 1E01
o ol
[T = nug, ka4 £
oot ' ' nny — =
2 Ipan = =
z - 2 o
& ha . & k0 -
o 1R - - = [pas - L
1 - 1F o6 -
1T 10T
(=AF X X
1E-n v 1
FEHS  PRIpA  PHIRS PROA IRA 1908 Y PEAS PERS  PEHpA  PEIS  PROA PINA PROS S IPAS

Pl 8 4 Fi ALK AE AR PRAS W BE/K P 28 5 T XU 8 (B A )

Fig.8 Box plots of risk quotient under exposure to PFAS for 4 typical aquatic organisms
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