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Abstract: Perfluorinated compounds (PFCs) are widely used, persistent, and their presence in

water is of significant concern. PFCs, particularly short-chain variants, are highly soluble and mobile
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in water, which enables their transport over long distances via river systems, potentially leading
to extensive contamination. These compounds are resistant to degradation, which is challenging for
conventional water-treatment methods that often remove PFCs ineffectively, leading to their
prolonged presence in water bodies. This paper establishes a magnetic solid-phase extraction method
for 11 PFCs in enriched water using magnetic polystyrene pyrrolidone (Fe,0,-PLS) as a magnetic
adsorbent. Purified lipophilic PLS magnetic beads were used as the solid-phase extractant, and their
surfaces were modified using phenyl and pyrrolidone groups to facilitate the adsorption of PFCs that
contain hydrophilic functional groups and hydrophobic alkyl side chains. PFCs in water were de-
termined accurately and sensitively by liquid chromatography-tandem mass spectrometry (LC-MS/
MS). The method involved accurately weighing 50 mg (+0.05 mg) of the Fe,0,-PLS into a 500-mL
beaker, adding 2 mL of methanol (for activation), placing the beaker on a magnet for 30 s, and
discarding the methanol once the methanol and Fe,O,-PLS had been completely separated. A 200-
mL aliquot of an aqueous mixed PFC solution was added to the beaker, sonicated for 15 min, and
then placed on a strong magnet until the Fe,O,-PLS had completely separated at the bottom of the
beaker. The upper liquid was discarded. A 4-mL acetonitrile containing 0.1% formic acid was added
as the Fe,0,-PLS eluent, ultrasonicated for 30 s, after which the beaker was placed on the magnet
and the eluate collected. The sample was taken to dryness under a stream of nitrogen, the residue
was redissolved in 0.5 mL of acetonitrile, ultrasonicated for 10 s, and then membrane-filtered prior
to analysis by LC-MS/MS. The 11 PFCs exhibited good linear relationships ranging from 1 to100 png/L,
with correlation coefficients (R*) ranging from 0.997 6 to 0.999 9. Limits of detection and quanti-
fication (LODs and LOQs, respectively) were determined to be 0.001-0.620 ng/L and 0.002-2.065
ng/L, respectively, indicative of high sensitivity. The 11 PFCs exhibited recoveries of 60.8%—120.0%
at various concentrations (0.05, 1, 10, and 50 pg/L). Relative standard deviations (RSDs) ranged
from 1.0% to 20.0%, which meet the requirements for PFC analysis in water. The concentrations of
the 11 PFCs at 15 sites in the Dongtiaoxi River, Hangzhou (near factories, reservoirs and residential
areas) were analyzed using the developed method. A total of six PFCs, namely perfluorooctanoic
acid (PFOA) , perfluorononanoic acid (PFNA) , perfluorooctane sulfonic acid (PFOS) , perfluo-
roheptanoic acid (PFHpS), perfluorobutanesulfonate (PFBS) and perfluorodecanoic acid (PFDA) ,
were detected at mass concentrations of 11.4-30.7 ng/L. The highest mass concentration of PFOA
was determined to be 25.5 ng/L. The PFCs in the Dongtiaoxi River were found to be mainly as-
sociated with precursor degradation and industrial wastewater discharge. A sudden rise in the
pollution level was observed near the sampling point with the lowest detected concentration, which
is possibly ascribable to the strong hydrodynamic difference between the hydraulic transport process
near the river wharf and the highly turbulent flowing water. This difference results in the suspended
particles in surface water mixing with re-suspended sediment particles such that PFCs are released
back into the surface water. Pollution levels were observed to continuously decrease in the directions
of the extended river and its estuary and tributaries. Risk assessments revealed that the PFC levels

in the surface water of the Dongtiaoxi River basin are much lower than the official health reference
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value and have not reached levels that are expected to cause ecological harm and risk human health.

The data are expected to support monitoring-system improvements by providing an in-depth un-

derstanding of occurrence characteristics, and help formulate a management plan for PFCs in the

Dongtiaoxi River.
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HlE 2 (35 26) 1 T 36 B Merck 2 A 5 H
iR (AT al) 2R e (o B 4 ) Tl F 98 [ Tedia 23 A .
S8 FH K R B 4K (Mil-Q 48 2lik RS H 4%, £ F
Millipore /A 7] ). Fe,0,-PLS A 325 H il , BiAt 2y
760 nm, il & kS ICER[15]. 11 F PFCs #5
it (95%~99% ) 341 W) F K i Bl /) 35 BB AT B2 ]
1.2 ZLWHIE
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Bk F#E 30 s, fF HEE AN Fe,0,-PLS 5E 400 & ) , 3
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FERABUN 2 pL; s A I & 10 mmol/L Z i
[ HY - 7K (80: 20, v/v) %, B #0247 10 mmol/L
MR B ) WP W W 5 BB BE UE B R JF : 0~10 min,
10%B~100%B; 10~14 min, 100%B; 14~14.5 min, 100%B~
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O B ¢ 10 L/ming 2% A : 3 L/min; &
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Table 1 MS parameters of the 11 perfluorinated compounds (PFCs)

Compound Abbreviation ~ Parention (m/z) Productions (m/z) DPs/V CEs/eV CXPs/V
Perfluorobutanesulfonat PFBS 298.8 79.9%; 99.0 -71.2; -70.2  -51.2; -40.0 -3.5;-5.1
Perfluorohexanesulfonate PFHxS 398.8 79.9"; 99.0 -75.3; -72.6 -66.0; -51.4 -3.1;-2.0
Perfluoroheptanoic acid PFHpS 448.8 79.9"; 99.0 -81.0; -85.0 -75.0; -56.1 -3.6;-2.0
Perfluorooctane sulfonic acid PFOS 498.8 79.9%; 99.0 -89.1; -82.0  -86.1; -62.7 -3.4;-2.0
Perfluorodecane sulfonic acid PFDS 599.3 79.9%; 99.0 -97.0; -98.2 -76.0; -81.0 -3.6;-2.0
Perfluorooctanoic acid PFOA 412.8 369.0"; 168.8 -16.5; -20.6 -15.2; -24.5 -10.4;-4.4
Perfluorononanoic acid PFNA 462.8 419.1 -31.4 -19.1 -12.1
Perfluorodecanoic acid PFDA 512.8 469.1 -24.4 -24.0 -7.4
Perfluoroundecanoic acid PFUnDA 562.8 519.1 -23.4 -30.0 -8.5
Perfluorolauric acid PFDoDA 612.8 569.0 -24.0 -25.6 -9.2
Perfluorotetradecanoic acid PFTeDA 712.8 669.0 -52.9 -21.1 -11.2

* Quantitative ion; DPs: declustering potentials; CEs: collision energies; CXPs: cell exit potentials.
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2 LC-MS/MS 3 # )5 , 3 2 22 il 43 B $9 1y ié 1ig R =
JoT i v RE 1 4R M G &R LG b A it S R B i DE T B
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Table 2 Regression equations, correlation coefficients (R?), matrix effects, LODs and LOQs of the 11 PFCs in water

Compound Regression equation R’ Matrix effect LOD/(ng/L) LOQ/(ng/L)
PFBS Y =13277X+129032 0.9993 0.038 0.128
Y,=13768X+6913.9 0.9998 090 0.020 0.073
PFHxS Y,=5572.4X+1520 0.9999 0.620 2.065
Y,=5156.7X+5269.3 0.9997 Hos 0.048 0.158
PFHpS Y =120152X+65355 0.9999 0.078 0.255
Y,=119289X+17287 0.9999 028 0.048 0.155
PFOS Y,740589X+50713 0.9996 0.065 0.213
Y,=40467X+25291 0.9997 o2 0.048 0.160
PFDS Y =113789X-3115.4 0.9998 0.055 0.185
Y,=97174X+53300 0.9998 100 0.028 0.093
PFOA Y,=4136.6X+983319 0.9976 0.001 0.002
Y,=2610.8X+548998 0.9999 1 0.001 0.003
PFNA Y =38178X+66566 0.9990 0.027 0.096
Y,=24540X+6410.3 0.9998 1 0.003 0.080
PFDA Y,=51475X+38877 0.9995 0.005 0.013
Y,=29820X+16793 0.9999 e 0.013 0.043
PFUNDA Y,=35117X+60230 0.9990 0.008 0.030
Y,722463X+29509 0.9978 130 0.008 0.026
PFDoDA Y,=2523.8X-26116 0.9998 0.018 0.058
Y,=2360.8X-1946.3 0.9999 H0o 0.038 0.125
PFTeDA Y =13131X+19480 0.9985 0.108 0.365
Y,=18079X-543.6 0.9998 o 0.020 0.070

Y: peak area of target analyte (Y, : matrix standard; Y,: solvent standard) ; X: mass concentration of target analyte, wg/L.
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Table 3 Recoveries and RSDs of the 11 PFCs in spiked wa-
ter samples at different levels (n=5)

Com- Recoveries (RSDs)/ %

pound .05 pg/L 1 pg/L 10 wg/L 50 g/L
PFBS 77.8 (7.8)  83.4(3.9)  89.4(10.0) 92.3(2.4)
PFHxS 82.9 (18.5) 88.1(4.2)  85.7(12.7) 62.8(4.1)
PFHpS 82.5(2.2)  89.3(14.5) 76.1(11.8) 78.5(5.9)
PFOS 89.6 (5.7)  89.3(13.3) 85.9(6.6)  80.4(6.5)
PFDS 76.2(3.7)  90.6(3.5)  85.1(10.8) 81.8(9.8)
PFOA 99.3(6.0)  63.6 (14.1) 113.5(5.5) 106.4 (13.2)
PFNA 119.4 (16.8)  94.4 (13.2) 1153 (7.0) 114.3(6.3)
PFDA 96.2 (0.9)  91.1(14.9) 113.6 (13.8) 120.0 (5.0)
PFUnDA  74.6 (4.2) 1183 (12.3) 116.9 (13.9) 120.0 (7.6)
PFDoDA  95.1 (4.6) 119.4 (14.3) 110.3 (12.7) 84.7(8.5)
PFTeDA  89.8 (8.5) 103.1(5.5) 100.4(6.3)  90.8 (6.9)

2.2 HHEMFRKP PFCs HREHES R ITMHE
hy 4 TR A AR R i U R K b PRCs 1 A7
KT, FRATTAR 4 AR R K R A SE PR B, A b L
VLA BTN T AR 35 BT K N R 4R 15 AR ZKFE (0
~10 em) , H R 3R £ T AR OK 0T AR KR
G1~G11,7EE£T GI1 AA WA, S 1 15T
A RN B Ak 4 BB R Z1 RN Z2, FE SR 2 B4y
AL RN A S Ak 43 505 B R 23 R Z4 o SREERT 4tk

T8 VR R AR 2 R A S AE HOK R R S0, B
FE 2S5O 500 mL; Ry B K AR5 By, SR AR TR B K RE
BT A R AF B M 0 SEBR A SR E 3 AT
i
2.2.1 HiEk A PFCs B9 & KT 5 4 & HHAE

R E MR K ALK 6 F PFCs, Y PFCs 11y
SHJEE N 11.4 ~ 30.7 ng/L, b PFOA # H &
B, N 7.9 ~25.5 ng/L, H: ¥k J& PFOS Fll PFNA.
4 % H T E Py A 4 i 3£ K B PFOS Rl PFOA
fR A H KO, 45 S 2 W] PROA 7 78 35 1% M F 7K P
A I G [ o el 1 A MR - 52 1 R A W =M e
Ll 7K R T 55 T80 1 b 2K 5 ol IR T e DS RV U H
AR IR 5T TN Ve T TR T R R R R R B
B & Xt T PFASs A9 RFPEDT SRR A, H Hif 3 ik
NN BREE R E KT 7 89 PFCAs B A 8k & 1y 4=
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T B 5 A A DA A T R AR TR
1Y) PFCs, hm 4k 1) PFCs BLA B 19 K 15 1k F i
B R A1) T 4 TC B KR T AN J2 DT AR AR R
K
222 KRHEEH K AT PFCs Wy 4 A7 FFAE

HR 4 i Fe 7K S PRCs A A H A% B0 (I 1) ] T,
A R S PR Y PRCs B R EA — 3, £ W
15 YL W BE K AR % o B B SR AR ASUBL 43 0
£ G9 (30.7 ng/L) . G11 (28.2 ng/L) #l Z4 (27.8

x4 BERMFRK DR PFCs 7K TE

Table 4 Occurrence levels of PFCs in surface water at home and abroad

Mass concentrations/(ng/L)

Sampling location Ref.
PFOS PFOA > PFCs

Qiandao Lake, China ND 0.52-3.6 1.70-6.2 [20]
Caohai Lake, China 0.04-0.6 0.71-3.1 3.17-16.3 [21]
Xixi Wetland, China ND 34.66-197.8 0.44-197.8 [22]
Huangpu River, China <286 1.0-402.7 39.8-576.2 [2]
Pearl River, China 0.90-99 0.85-13.0 / [23]
Luoma Lake, China 3.6-394 7.6-81.3 46.09-120.3 [24]
Tokyo Bay Basin, Japan 0.11-99.4 0.08-3704 1.57-6024.9 [25]
Red River, Vietnam <0.03-0.04 0.1-0.4 0.23-1.5 [26]
Nakdong River, Korea 2.5-66 8.9-28.0 42-160 [27]
Marina catchment, Singapore 1.3-156 5.4-38.2 5.2-301.5 [28]
Dongtiaoxi River, China 2.40-4.5 7.88-25.8 9.87-29.9 this study

ND: not detected.
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Fig. 1 Mass concentrations and compositions of PFCs in

collected surface water samples
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Fig. 3 Exposure risk quotients of PFCs in surface water
RQ: risk quotients; HR: hazard ratio.
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