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Abstract: Per- and polyfluoroalkyl substances (PFASs) are frequently detected at elevated concentrations in water bodies of
the lower Yangtze River, posing risks to drinking water safety and human health. This study investigated the occurrence of 23
typical PFASs in source water, treated water, and tap water from eight drinking water treatment plants (DWTPs) in the lower

reaches of the Yangtze River. The removal efficiency of PFASs by the treatment processes and their priority for control were
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also assessed. The results revealed the presence of 19 PFASs across the eight DWTPs, with total concentrations ranging from
32.02 to 167.68 ng/LL and an average of 85.86 ng/L. Among these, 14 long-chain and 5 short-chain PFASs were identified,
contributing 35.7% and 64.3% to the total concentration, respectively, indicating that short-chain PFASs were the
predominant pollutants. The major contaminant monomers were perfluorooctanoic acid (PFOA) , perfluorobutanoic acid
(PFBA) , perfluorobutanesulfonic acid (PFBS) , and perfluorohexanoic acid (PFHxA). The overall removal efficiency of
PFASs by the drinking water treatment processes was 17.8% , with a removal efficiency of 22.2% for long-chain and 15.1% for
short-chain congeners. Notably, concentrations of 14 PFASs increased during distribution from the treatment plant to the tap,
resulting in an overall rebound rate of 39.6%. PFBA, PFOA, and PFBS were the primary contributors, accounting for over
92.8% of this concentration increase. Modeling assessment identified PFOA, perfluorononanoic acid (PFNA) |,
perfluorododecanoic acid (PFDoA) , and perfluorooctanesulfonic acid (PFOS) as priority PFASs requiring enhanced

monitoring and control measures.

Keywords: Yangtze River water bodies; drinking water system; per- and polyfluoroalkyl substances (PFASs) ; removal

efficiency; priority substances
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Table 1 Information of target compounds

5 B g CAS % B3 Bl
1 PFBA TR 375-22-4 4 FIRR
2 PFBS S R 375-73-5 4 4 JRUH TR
3 PFPeA Ay 2706-90-3 5 A RFRTE
4 PFPeS A2 RN itk TR 2706-91-4 5 4 SR 2
5 PFHxA PR 307-24-4 6 ERRTR
6 PFHxS A9 O B iR 355-46-4 6 & R R
7 PFHpA A FPEIR 375-85-9 7 FRR
8 PFHpS A JRPE b i R 375-92-8 7 4 JRUH R
9 ADONA 4 AN 51460-26-5 7 R
10 PFOA TR 335-67-1 8 £ Nl
11 PFOS A2 e T TR 1763-23-1 8 oy Rl
12 9CI-PF30NS 9—58 175 I -3 -4 Jo T — 1 Tl 7 7 73606-19-6 8 & R R
13 PFNA TR 375-95-1 9 FRR
14 PFNS B R 98789-57-2 9 A JRUH TR
15 PFDA TSR 335-76-2 10 AR
16 PFDS 4 5 e Tk 1 i 335-77-3 10 4 R R
17 11-CI-PF30UdS - -3 b -1 - R o 73606-19-6 10 4P R
18 PFUdA SRR 2058-94-8 11 FRR
19 PFDoA o8 307-55-1 12 LR
20 PFTrDA R =] 72629-94-8 13 LFR
21 PFTeDA AT R 376-06-7 14 A FRTR
22 PFHxDA Kot AN 74 67905-19-5 15 LR R
23 PFODA K IR 16517-11-6 16 2 FRTR
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J7OK BB T Sk K o SR S KRR {5 IR R RO 2 5 f e e P
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B AT b B
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Figure 1 ~ Distribution of sampling points in the lower Yangtze River
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40 °C,HE M E IR 10 CL,#F RN S pL, W#E K 0.3
mL/min, i F 86 B Pk B 5 6 %0 R W) B ARk & 9 ik 17
S L B X PFASs, R H 2 mmol/L i 1R 4% % W (pH {H
K 7.5) N AL N R s A B HLAAR I s A A
JERIPE I Z 800 16 0~1 min N, R F5 S A A B 1E

15 47 80: 20( 55 BE Ve L) 5 Bl J5 7€ 1~3. 5 min N, 4 3 3)
AH A B HE A DN 80% 2 M [ AIK 22 209% (B 3t 2 AH B A
20% F+ % 80% ) ; E 4 1E 3. 5~4. 5 min W, Kt i ) A
A E— R MR R 5% (T B AH B F 3 95%) , I 4E 5
I HE 9] 2 5 min 2 J5 7E 5~5. 5 min N, 136 I 3 A
A T EU A9 28 P R 52 28 W 4R 19 80% 5 i J L #E 5. 5~6 min
N LA 80:20 11 L M5 i 47 A3 -1

JE % B 43 2R FH Waters Acquity Xevo TQ — 5 PU 2%
FF R I BT 1A, #8520l 5 %5 25 1 I (ESD) , 45 & 2 [
W (MRM) B0 4T H ARG A P00 it B BT
K 25 14 Sk B 40 R IR 2.5 KV, BiE 3 SR I 0. 16
mL/min, B F IR 150 °C, #E L WK S = 50 Lih,
it 7SR B 500 °C MV R AU Bt 800 L/ho A i AR
KR H bR W09 Ak 2= Pk TR O B AR
PFASs LA 8 PRI . Hisfb &7 . 7
B St 4 e A HAA BT S B0 SR LR 2,

F2 23MPFASsHIRIERUSH
Table 2 Optimized mass spectrometry parameters for 23 PFASs

&Y i B4 B 1] /min BB T mlz FEF m/z B B 1) /s HEFLHLE/V filf i g /V
PFBA 32 213 169.00/119.00 0.022 30 16/12
PFPeA 3.6 263 219.00/169.00 0.022 32 18/14
PFHxA 4.1 313 269.00/169.00 0.021 34 20/16
PFHpA 4.6 363 319.00/169.00 0.021 32 20/16
ADONA 48 377 333.00/169.00 0.021 30 18/14
PFOA 5 413 369.00/169.00 0.021 34 22/18
PFNA 5.5 463 419.00/169.00 0.022 34 22/18
PFDA 6 513 469.00/169.00 0.022 36 24/18
PFUdA 6.5 563 519.00/169.00 0.022 36 24/18
PFDoA 7 613 569.00/169.00 0.023 36 26/20
PFTrDA 75 663 619.00/169.00 0.023 38 28/22
PFTeDA 8 713 669.00/169.00 0.023 38 28/22
PFHxDA 8.5 813 769.00/169.00 0.024 40 30/24
PFODA 9 913 869.00/169.00 0.024 42 30/24
PFBS 2.8 299 80.00/99.00 0.021 28 18/14
PFPeS 3.3 349 80.00/99.00 0.021 30 20/16
PFHxS 3.8 399 80.00/99.00 0.021 32 22/16
PFHpS 42 449 80.00/99.00 0.021 32 22/16
PFOS 4.6 499 80.00/99.00 0.022 34 24/18
9CI-PF30NS 5.2 530.9 421.90/99.00 0.022 36 24/18
PFNS 4.8 449 169.00/99.00 0.022 34 22/16
PFDS 5.5 599 80.00/99.00 0.022 36 26/20
11C1-PF30UdS 6 630.9 530.90/99.00 0.023 38 28/22
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S T BRI R K T PFASs 1IN R 25 5 1 T E
ABIEFEAERE dh o3 A 2 A P G B A X R
JBT N S 9 LA i D7 12 1) o A R AT SR L IR K

P S B I A vk HE 158 10,100 ng/L, I 947 3 WCFAT
FEIE 3 50 AR 1800 =R A 7 ik 04 AR X AR o g 22
(RSD) . &5 T A H AR A Y s 151 i 5y
86. 190~97. 1% , # XJ b 1 fiis 22 (RSD) B X T 6% , &
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1.6 B I M IR Fo sk 22
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A AE 2 BEOK 53 T R (K, R PEAl A 4IF 58 4 ]
pH=7 B 1) 1F ¢ BE /7K 43 B & 8 (1K, ) B IE AL 5B 25
XA BB B R, BRI E SciFinder 254 JE
(https: //scifinder—n. cas. org) o
1.6.2 KA Z5 KU 4

SR FH 0 B 7 AR S U o £ JRUSS: J 1E 3 (RQO AR K i
b R AE B T B, WAL KA A BIL RS B ) 0 K AR AR

W) 2 e 3 B T s R
MEC
= 1
RQua = pNEC_ (1)

A RQ 0 A TS B Y A2 25 KBS0 , T8 40 s MEC N
IKIRIE G Ge ) 1 S e ng/L s PNEC, ., A5 3¢ W)
e K A FF B T TG 800 e L ng/L

T S b TS G W) TE AR S R G K B T
BN A8 B PR TR PNEC, 313 R -
LC,,
PNEC, . = oV (2)

AL, W BOEHE  AF A PFAh T .
1.6.3 At KU

FE N 2 i B XURS BF A (10 0o 8 o, 8 DAAS IR 7E
TR 22 BRI A N B2 b5 Y W s T A AE B S8 5 K N
PEAN B obr o R XU (i 2 (RQ) 1 Ry AL SR AE 1 F
BV AR K A v AT MUY G 4 X N AR i B i 1Y A7 T
s, AR

RQ,.. =

K H RQ,.. K15 G 1 AR RS W, JC 40 s MEC ol
IK IR BT TG e U ) SR BE L ng/Ls PNEC,,, N 15 44
Bl ok N2 A I G 80 L g/

R T A b R AT DTS G i N S fek R sk

MEC (3)

N, 26 R A AR M B B iR AR 1 PNEC,,, ", I
WA (4).

X X X
PNEC,. = 1000 x ADI X BW X AT

(IngR,y, + BCF x IngR,) x EF x ED
(4)

1000 K e F s BW N MR E, o [ A N1
T H Ry 63 kg AT O A AT ¥ % 88 1 i), 10950 d;
IngR,y N AR KRR ,2 L/( A -d) ; BCF 254
Vs 4 R, DSE E AR E Chemistry Dashboard £ 4%
JEAS 5 IngR, N AR = b 9 B &, T A 388 K
7 AT BRI Y R XURS: B 92. 6 o/d; EF Ry % R AT
R 350 d/a; ED R FE A B30 a; ADT R4 H Al 7o
VR B I5 T B bR B0 e SOk s R
1.6.4 Ko FE

DIEFR A2 BT (EP) (f 45 K H e B FnAS
) R B U (HP) (L Fe APE ER S AR
JRUPRS: N 28 £ 5 XL ) o

)P4 ARG O A WSO A % US EPA H T
SEVG Y ) B E A AT W R R AR R G S
PEAR B AT I 2, 0 535 EP 5 HP 244 (4510043 ) o
EP A 55 K v B RS 3 (4% 5043 ) HP A 5 ¢ A
PE A AR AR A RO RN 2 i R XU (4% 25
G3) o A5 TR bR L T S0 B TR 58 A A L G0 R
Oy N S AN IR 2/3 BT BRIk I E S5 Hhn AETS
SR (FE3) . Hh Kk KR B R
A KU AL i e XU T OE 1) 3t o R A TR T
ity .

R3 ETEURSESWENBRENEREIREBYS

Table 3 Classification of grade score coefficients based on

geometric interval classification and the 2/3 cumulative rank

method
X [i] 45 £ BeHEY  BRIPEHEY (2/3)°COR - B0 REU%
1 0 0 1.0000 100.00
2 1 1 0.6667 66.67
3 2 3 0.2963 29.63
4 3 6 0.0878 8.78
5 4 10 0.0173 1.73

3) SR 4y AN 2 I E A BT TR, A skt
0 W R B 22 S AR TR TP A5 AR A 2 B T
AHE AN EE , B 459 43 5% T EP 1343 5 HP 1440 Z il
HE P (50 T 3308 40 20 0% 0 434 0, d R 5 ok
A3 Cel K B0 /NHE P J5 55 25% 19 43 {8) 22 8] 1 B 51
MGG Yy B TS e
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Figure 2 Overall occurrence characteristics of PFASs in the drinking water system of the lower Yangtze River

55 P9 A0 At X3 2b) M L, VTR i K
H PFASs 975 32 7K S 55 07 AH 24 I 07 7K /& 5 PRASs
(- 2k B g 75. 8 ng/L, — 1 WS T E AN
2 W VL Ui FUE R 7K A PRASs (1975 Y #8 B K 3R
b BRI T Sk e Y KT I K AR PRASs 1)
15 YLK M Hi B (36. 41 ng/L)> 2 (16. 15 ng/L) >,
L 13K (5. 12 ng/L)™ #B jEk (4. 65 ng/L) "7 HL N 52 K
(0. 80 ng/L)™ () 3~100 1% . PFASs {5 Y2 R Jy i, &
B A 5 R T A YRR o 7R X
BT A X 38 3 17 16 1% 52 K 8% PFASs(PFOA \PFOS) Y %
i 8t B M 4 BE RS M (1 PFBS . PFBA \PFHxA) ()
R AE R T I, F A 3 1R
S G R 25 (PFSA) O 5, LR (PFOS 28 1) | Hij

H (PFOS 5 PFHxS I ££ ) S 3¢ & K IX (PFHxA &,
{H PFSA 75 50 b 35 ) W ARFR IR B T B S 9 A U Vs e
FRAE. B2R UL RMRE(PFCA N ET, LS T
ik (PFHxA/PFOA & 5 ) Fljin £ K b ve ( 2 F 4 4
PFCAs I 47 ) Jy it AU H 32 B pl T % PFCA B HUAT
WA 5T Ry Bom IR AL, ;L T PFAS
AR ) 3k 5, 2R 3 S LA [ K VIR I &
THE VRT3 38 R 1 3R 0 R B R AR TR A AR IX e, LR A
g J 4% PFASs (4l PFBA \PFPeA ) ¥ & BTk 28 1, [ iof
B0 3 K AE AR B (PFOA ) S AR Hi 4 €6 Tl HE i
(R 7T A S PRASs 2558 RIS e W) ) , R B IX
BCE AL T 25 4 B AL R IH TS Qe 22 4L, R S
TR Y HAF 0 B 2B BR . X B85 R E %K



118 HooBE

T &

i 44

() PFASs A5 77 il B 8 4 SR 4% U0 AH OG- JE B ET K
(it B 90 k) 0 2 R L1 42 Bk 2 50 X STt PRASs
B V5 B, X PRASs 58 1 7™ A% 14 B AE Fs 7 > 5 58 [
£ PFASs A 7= K, 5 4 R 58 T PFASs 15 44 1)
B EIRID M L T IAE N R R E K, Tk i 8
5B, PFASs Ak i A i A R, BB s e /KO3
i ALK
2.2 KRR P PFASs WK 4 4F 4E

FE 7K R K SRR A 19 Bl PRASs, B R
58.76~167.68 ng/L, F ¥ & ¥k iy 86.76 ng/L
(& 3a) , H:#1 PFOA \PFBA . PFBS 1 PFHxA -4 ¥ i
43 93K F 24. 96,24, 03,14. 95, 12. 55 ng/L, 4 F ) i
X PFASs vk 2 (Y 5T HR 565K 21 88. 2% K i 19 19 Fib
PFASs 1, K 5% PFASs A 14 Fh , . PFOA . PFNA |
PFOS 1 PFDA % 9 Ff £ % PFASs & ) K ik 100%,
S PFASs ¥ iE 7 19. 66~64. 08 ng/L, ¥ {H 5 ¥
33. 08 ng/L, BTHK R 1T 38. 1% £ 19 19 F PFASs

S HE PFASs & 58, 730 iy PFBA (PFPeA . PFBS |
PFHxA Fll PFPeS, K i} 2 35y 100% , H 5k B 1 [H]
(3 ,PFASs) Jg 20. 71~121. 78 ng/L, V- ¥ 5 ¥ J& ik 5
53. 68 ng/L, 5Tk A7 LIk E] 61. 9% , 55 5% PFASs 175 ¢
BTk T A o 2024 4F KT 3T S8R 1R K U
Ak B, KK TR 38 B PFASs, &L ik A 100~
747 ng/L, ¥ ¥ BHe B N 147 ng/L, Hovb , EE 5 44 )
Jg PEBACTHEA 4 28. 07 ng/L) PFHxA(23. 45 ng/L) .
PFOA (22. 04 ng/L) fil PFBS(16. 39 ng/L)"" " 7£ ifE
) B A A 14 B PRASs B Mk BE ik F 29. 83~
217.96 ng/L, V-3 SV B R 75. 82 ng/L, HH1 PFPeA |
PFOA FI PFBA 1) 57 ik % ik 82. 5%, K W 1 ik 1o
HPFASs [ 75 YL FRAF 5 K VAL . %8 5% PFASs 76 7K
A Iz A S K AE PRASs 78 4 BRI 4 R
A5 AR 2023 2 4 4 PRASs 1Y = /K I 1 i i
FEHE 1 20 24 Jd Bk PRASs 78 7K W 3 ) 5 e -
R, E R R K U8 5% ) K 5 2 4

PFOA} — Pk @ J100 180 W = = = & § = & /" LICIPF30UdS
PFBA| * HIMH WEE {100 ool b OB = == = PFHpS
PFHxA 1100 160t = = 67% et
PFBS 1100 [ 80} & PEDS

PFPcA ) 1100 140} o 9CI-PF30NS
PFNA {}— 1100 70k PFUdA
PFHpA - 187.5 120t = E usy, o EEPFDoA
PFOS [ {100 ¢ = ¥ ol s
< = =
PFDA (08 11002 100 = PFDA
PFHxS 4 11002 £ _ O osop [ PFOS
PFTDA| @ {10035 s gob = B X PFHpA
PFDoA I {1007 & - = = B $ a0} B PENA
PFUAA 1100 o® BE = & PFPeA
9CI-PF30NS % 1100 o= . B 30} @ — 1
PFDS| o4 162.5 20 I BN PFBA
o FIpes o 10 i I I 20} PFOA
= —{k 1 %
PFHpS ] 187.5 20 b 10} 19.0% wso % o5y, |
11CI-PF30UdS| [ 125 8
2.0-1.5-1.0-0.5 0.0 0.5 1.0 1.5 2.0 07'S1 82 S3 S4 S5 S6 S7 S8 SI1 S2 S3 S4 S5 S6 S7 S8

g PFASs

a—PFASs A7 1 3 5 1E

BRSO
bh—PFASs Wit 77 b 35 R 1E

BRSSO
c—PFASs BAFAL 53 (5 LE

B3 IR RN K R G K JK o PFASs A7 AR 1E

Figure 3 Occurrence characteristics of PFASs in source water of the drinking water system in the lower Yangtze River
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Figure 4 Occurrence characteristics of PFASs in treated water of the drinking water system in the lower Yangtze River
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Figure 5 Occurrence characteristics of PFASs in tap water of the drinking water system in the lower Yangtze River
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Figure 6 Prioritization and assessment of PFASs in the drinking water system of the lower Yangtze River
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