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( L-XKey Laboratory of Coastal EnVlronmental Processes agd Ecological Remediation, Shandong Key Laboratory of Coastal Env1r0nmental
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Abstraet: Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are a group of manmade chemicals and are ubiquitously detected in

aquatic environments. China is a major producer and consumer of PFASs. In this study, we investigated the occurrence and
characteristics of PFASs in the surface sediments from three fluorine industrial parks in North China, the Xihe River in Liaoning
Province (Fuxin Section), the Xiaoging River in Shandong Province (Zibo Section), and the Yangize River in Jiangsu Province
( Changshu Section) , using the UPLC/MS-MS method. The total concentration of PFASs ( Z PFASs) in surface sediments of the Xihe
River ranged from 15.8 to 2 770 ng-g™", and PFTeDA and HFPO-DA were the dominant pollutants. In the surface sediments of the

Xiaoging River, Z PFASs ranged from 12.2 to 7853 ng+g~"', and PFOA and HFPO-DA were the dominant pollutants. In the surface
sediments of the Yangtze river, Z PFASs ranged from 9.20 to 35.9 ng+g™', and PFTeDA and 6:2 FTS were the main pollutants.

Sewage discharge from the industrial parks ( point source pollution) was the main source of PFASs in three regions in this study. The
PFAS content and composition in three regions varied significantly depending on the production capacity and industry type. There was
no significant correlation between the content of PFASs and its components and the particle size and TOC of the sediments. The
correlations between the components of PFASs indicated that the enrichment process of PFASs in sediments was impacted by various
factors.

Key words : UPLC-MS/MS; perfluoroalkyl and polyfluoroalkyl substances( PFASs) ; rivers; sediment; fluoride industrial park
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PRAES T T T ZAFAES ) ARSI
AR AL PRASs Kty X A 25 3R 85 A A2 A 1l ok
TR AR R 7 2 R IR AR A BT, KRBl
hJe PFASs [ EEAFTEA 5, Bl A DR EE A 1S <, 1T
FUYIXF PFASs (9 W Bk o £ 38 ™ | i EL IS0 AR 4 %
T 4 5 ke 2 i FR ( perfluoroalkyl sulfonic acid,
PFSAs) 1YW B E 7 328 5 1 AH 7] B B 1 42 9 e BE AR
1% ( perfluoroalkyl carboxylic acid, PFCAs)'™®'. B4
= WA LI R PRASs B X AR Yy i A4 v i 30
PR R F B Y. 2009 4, 4 R E ke Gl IR
( perfluorooctane sulfonic acid, PFOS) & H:Eh2s 4>
F 2 H it Wk % ( perfluorooctane sulfonyl fluoride ,
POSF) B 5 A (I8 8F IR BE S 29 ) B B, 78 42 3K3E
L P BR i A = Al FH L AT AR SR, BT R PRASs 7K
T A ZEE A A, 0 F-53B(PFOS #YEAR
MY NS AN R R ® ( perﬂuoro-Z—
propoxypropanow acid, HFPO-DA ) "' AN ﬁhﬂ’%\ﬁﬁ
ft = B MR | perfluoro-2-[ ( propoxy ) propoxy |-1-
propanoate
[Perﬂuoroctdnmc amd (PFOA) E/J%éefc% Jffﬁ E_A!T
Hi«itlj*"tﬂéé Z%ﬂﬂ%ﬁﬁﬁ@g
( perﬂuoroethy]cyc],ohexane sulfnate ach PFE-FHS)
1R 57 185 G i 2 I I i, Hijh 2.
te oo,
P \EEJ/\EETﬂ(MKEP““.
[4/2003 4= LUk, e [E1TF i KL 7= PFAS:.
AWFERI, SRTE Ye——PFASs A7 (AL
i BRI PFASs 19 = BORIR ST i K AT
PEIK B HE U 2 PFASs /KA EZHE . R E
E&JF R T VF Z 4 K PFASs [ F 5%, PFCAs Fi
PFSAs H i i 4 V. TURRM 1R R K A4 v i
PYEEELY YR AL PRASs F 5 4 R A
Z— YT N TR VLA i 2 e Y Ak
Y7 Ml Tl el 1L 7 4 B 98l T R X L AR
A T TR FE B S AR Tl el A5 4 8 3 e
AL T Bl S T R Rl e ik Ml X A o 3
PFASs 15350 i B XK. CATAT ST A B, BB T
b X R 7K G 5] PROA 75 Y, Xt ot [ fk e A4
SRR /N IR A 32 8 T L PROA S 3
A Tl 5 DB ™ H 75 Gt IF A4 R B HFPO-DA il
HFPO-TA £ ii, H HFPO-TA H A7 T 5 i A= ) & R
PSR IR LK AR T PROA 15 Y4t AN 7%
B, Toll el XA M REAS A H 1) PRASs 35 8
el Xl A AR S v SRAR AT /NI TR
TLsRAL S Tl e 1T i i 2R 2 DU AR i i [

_.-"

HFPO-TA | ' il &/ 5  be 9%1 (738

) ARSI PRECHS I PEOS_#

FAAE B & SR RE N PRASs , 1) H8 1R A50R0HH €03
ISR A U B PRASs 9EAT %E &840 #7. 18
it 3 4% AL 2 Tl W B R R R 2 DR
PFASs 175 G 7K Fl 43 A5 5 5, 5 H A X 3 PRASs

YLK B, DU SR 1P Ak 3 Tl el X Ji) 30 0 85
E’J?ﬁﬂﬁ%ﬁﬂ%ﬂ&?ﬁ.
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UPLC/MS-MS Bt HAXA Acquity UPLC H-Class

AR (Waters ) HBIE QTrap 6500 + = 5 PUZL AT i
7% ( AB SCIEX) ; Envi-Carb /ME (250 mg, 3 mL) iy
TF2E[H Supelco 23 H].

20 Fl PFASs 045 22 96 T M2
acid, PFBA ) | 4= 3 J& 2 ( perfluoropentanoic¢” acid,
PFPeA) .25 2 ( perfluorohexanoié a01d,PEHxA ).
IR ( perflueroheptanoic acid, PFHpA, )Y AR
fig ( perﬂuoréogtanoio acid, PFOA ) . é ﬁ jé [T
( perﬂuorondnanoic acid, " PFNA ) ., é %h %5 ﬁ
( perﬂuorodecano‘ic dgid ,, PEDA ) | 4 il L MR
( perﬂuoroundecan01c afld “PFUnDA ) A 1“ | iR
( perﬂuorododecanom agid ,\PFDoDA ) | % 8l 1“ @
( perﬂuorotndé’canmc a(nd PFTDA ) | 4> 30t [Ej_ R
( perfluorotetradecanoic acid, PFTeDA) | 4= 9 T }:JB fie
I ( perfluorobutane sulfonic acid, PFBS) |4 9 /& b fiff
F2 ( perfluorohexane sulfonic acid, PFHxS) 4% ¥ bi
fiffi 12 ( perfluorooctane sulfonic acid, PFOS) |49 %8 b
Tt 12 ( perfluorodecane sulfonic acid, PFDS) | 49 £ 3%
R e i 12 ( perfluoroethyleyclohexane sulfnic acid,
PFECHS) .6: 2 F A B R (6: 2 fluorotelomer sulfonic
acid, 6:2 FTS) 7SI A N KE — R R ( perfluoro-2-
propoxypropanoic acid, HFPO-DA) 6: 2842 F Bk fitk
Fi2 (6:2 chlorinated polyfluorinated ether sulfonic acid,
6: 2 CI-PFESA) 1 8 : 2 % 1t 2 FU Mk i /R (8 : 2
chlorinated polyfluorinated ether sulfonic acid, 8:2 Cl-
PFESA).

10 A C #5130 B P b5 £ 45" C,-PFBA . 'C,-
PFHxA ., 'C,-PFOA ., 'C,-PFNA. 'C,-PFDA. 'C,-
PFUnDA . "C,-PFDoDA . 'C,-HFPO-DA . "0,-PFHxS
FI'C,-PFOS. T 4 P #R A PCy-PFOA. LU | PFASs J&
[ R AT RE > 98%, ¥4 T 42 K Wellington
AL W (G al) FE K (25% ) 1 T 1R
Merck , Fifi iR £ WA T #5 [E Sigma-Aldrich , 3256 H 7K Ry
K.

1.2 FEARCREES A
2018 AF 11 JT, 43 BIAELTAT /N 0 R 9 9

1% ( perfluorobutanoic



9 PN IR . SR SR T Bl JEL 0 I TORR A PP 42 (22 SRR S W 69 40 A AR 4071

A Tl el B S T B O i T 3R IZDTRR YR AE TAE,
WEAR Tk bEl 1 2 R WA , 657 33 %
FESHA 40907 8 A /BT 8 MFIKIL 6 A~ (1)

FAERRZVTRYIZ 450°C 4 h B3 14895
I, BB N (PE) B4 B, - 20C %%k
PRAF. I 2 A0 R 2 1, R T R TR WS 0
60 HIiffi, —20°C % ELRAF. FEMACTEZ AT, $E0T 1 d
N R L T

FREL 2 ¢ Z2 A7 DUR B T R B 08,
A 10 mL AT 2 ng AR, B A 30 min, 3 000
remin ' B0 15 min, BUEIERZE 100 mL X0
FRE LIRS BRPIR. G B R R R A E 1 mL
ZeAy il HESEYERY Envi-Carb £ (250 mg, 3 mL)
HAk, R E A E 5 mL. KRR AR R
300 WL RGOS, - 20°CIRAF, .

&l A B I C 435K a b Fl e BYJRFRHCR
Bl1 45 NEARHAOIREF R AU R
Fig. 1 Schematic map of sampling stations in Xihe River,

Xiaoging River, and Yangtze River

1.3 ot

UPLC 20 #1554 . 435 4 8 Acquity UPLC BEH
C18 column (2.1 mm x 100 mm, 1.7 wm, Waters) ,
914K Acquity UPLC BEH C18 1.7 um VanGuard
Pre-Column (2.1 mm x5 mm, Waters) . ¥:1& 40°C , i
FEARTL 4 wL. FEIAH A 2 mmol - L' A BEFRE% K IR
B N HEE. FEF#E 0.3 mL-min ~' 54, Fsh M
FEEEVENLARF 4. 0 min, 90% A +10% B; 1 min,
80% A +20% B; 6 min, 10% A +90% B; 8 min,
10% A +90% B; 8.1 min, 10% A +90% B; 11
min, 10% A +90% B.

MS/MS F3-Hr 4504 - 55 FL B 67 (ESD) | FL

42°30" = N
X1, 42°00" + \ ;; \Tﬂfxm A
y 41°30" 15
41°00° K o (@)
X2+ 40°30" B 4
dx3 | 40000 B 8 1
N 120°30°  122°30° 124°30'E
38°00° F T s
& A — -
2 3 X4 ey | " Fa
& 5 37°30 § ¥ a]-"ﬁid‘;-h_ 5
+X5 37°00" + g@% T h)
36°30° | (ﬁi 5 0 nm,:.
7° 8° 9° 120°E
g 3l 11 : 11 1
32°00" |- B 3
i N, st
31°30° | ; .
X7 X6 0 ﬂlll:r.ﬁ'.l.lfg*"' ) €
121°00" 122°00" E
A -
{ } (e Y1 -
i
ST gy
5, S A5S -
Y2 1
la WY2 0
g5.56
4 'S4 Y4. v6
. W
83, (B) ©) s

~4.5 kV, ZALIRE 550°C. B R AR, HF AR
7128 276 kPa (40 psi), & F Ui Gasl 1 Gas2 ¥R
380 kPa(55 psi).
1.4 JFiEshl S

T R SR RN A T 2ok i o P A o 3k A B b
BB, T 2528 % FH 3 D9 bR RN B 38, 4 T i
Kz BT AL B, BB IR A (1 G AR A P
FRUEAT WA SR L INAR HEA T RIeR 9050, H ARk
AW 2 AR BCRAE 93% ( PFTeDA) ~ 179%
(PFNA) , RSD ( AHX 45 il 22 ) B PFOA F1 HFTO-
DA SMAMET 20% . R WbRE ik pn i i &
9 MHSERBEE (0, 1. 2,5, 10,20, 50, 100 F1200
pg-L7") 7 H0.9904 ~0.996 3. frifih gk, i X
1 pg- L™ FrXF R ) S/N =3 AR B Sk {25 A6 I PR
(instrument detect limit, IDL). ﬁ/f*ﬁtﬂ FE('method
detect limit, MDL) §1% AR [ (990 -8 s ANl
AR (1R PRASME AR T IDL (1 /b 45 %) MDL g 1
e L XEBEAQA S/N R T IDE 9 A
MDL My 3. 36 525 141 by Bt 22 i s 13 4 (i b
WA o 10 ANEE SN 1AM P 2
mE) | T R (-

2 wRSHR | -

2.1 A[H R PFASs 15547k

A F 2L P, PRASs & (WL F & 3F, F
[ﬁj)ﬁilﬂﬂi] 15.8(X7) ~2770.3(X4) ng-g_1 ,
{EK 428.9 ng-g ™. X4 ShAi T BB HE AL 25 A
BRZS w0, 5 Tl el HE TS 10 AHGE | %306 {7 PFASs
B b X3 S0 10 4%, Tolk R K HERUR % 47
HF U PFASs FERIE. X5, X6 s FIA T 32 i
LRI X7 S 7 PFASs 5548 X4 vl &5 T [
R H RO T R IR X8 3547 PFASs & 1 2147 BT
T HED AT BE A FLE ORI PFASs VLA

INTET R ZTURY b, PFASs &85 Hh 12.2
(S1) ~7853(S5)ng-g", F¥I{H H1272.7 ng-g~".
PFASs 85 o H I AE SCI ARG R TIY) S5 a4, S5
SO AR FEPRIURE AR e R iR 2 TR
Py PFASs & Gl R R, X —#a 3 5 / NE K
PFASs H¢J3 A8 (#4575 5% T2 ] PRASs
TR T2 X T2 Tl el B K B A58 e 3T
AT G 1 S8 vl 7 PFASs &5 2t S2 vl i i 10
¥ %I PFASs X T PFASs A ELAZ R

KITFZ VIR Y o PFASs &Ll 9.2
(Y1) ~35.9(Y6)ng-g ™", FH{H N 20.0 ng-g~'. B
SRIG VLA B S A2 Tl el (B 3R 2 DA
PFASs & KA, I HA NS ALAH2ZE AR K. ]

-

-
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B 4L

fE5 9T 11 X3 57 K 22 8] K AR A8 e fiE i, 380K
& PFASs &R AIR, 1M 3 8GR Z DU T PFASs
TETA L. WAL Tk B X R 8 i X K2
4 PFASs & (0.6 ~64.6 ng-g ") K T 5L
FNZRACHL X A SR AL Tolk bel Xt il i 5 1% X 38
SRR B4 Tl B K HE R A B A .

10 000

2.2 FZVIFY T PFASs Kt A5

AHFFERI Y 20 F PFASs H, 19 (& PFDS
A AR RRR FE BOAG Y, ELAS HE SR Y 8 T 60%, H. 3
IR JZ TR h PFASs & 5 FI4H % 2% 5B K
(£ 1). B2 B/R T AFREAL42H PFASs 1) i
R E 5y L

i
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X1 X2 X3 X4 X5 X6 X7 X8
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Fig. 2 Concentrations and composition of PFASs in surface sediments of three rivers
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Table 1  Concentration ranges and mean values of PFASs in the surface sediments of Xihe River, Xiaoqing River, and Yangtze River/ng-g~'
_ 41 /N KT
Hir¥ — — — = > o
T - E Y FHIE 70 F-HIH

PFBA 0.834 ~16.2 8.02(8) 0.174 ~19.2 5.12(8) n. d. ~0.142 0.077(5)
PFPeA n.d. ~9.66 2.75(6) 0.240 ~14.9 3.66(8) 0.061 ~3.88 0.976(6)
PFHxA nd ~22.4 8.83(7) 0. 169 ~60. 2 12.3(8) 0.366 ~1.39 0.896(6)
PFHpA n.d. ~56.3 8.13(7) 0.150 ~196.8 35.7(8) 0.146 ~4.79 1.19(6)
PFOA 1.02 ~293 40.8(8) 0.344 ~7 497 1187(8) 0.733 ~3.20 1.48(6)
PFNA 0.587 ~110 32.4(8) 0.170 ~10.2 1.65(8) 0.165 ~4.10 1.06(6)
PFDA 0. 244 ~ 1090 138(8) n.d. ~8.18 1.81(7) 0.269 ~1.23 0.436(6).
PFUnDA 0.300 ~ 166 22.8(8) 0.34 ~4.08 1.36(8) 0.331 ~1.42 0.62476) 1
PFDoDA n.d. ~583 74.0(7) n.d. ~2.54 1.29(7) [ hd ~2.66 12065 )
PFTrDA n.d. ~33.1 4.70(7) ~. 0. 669 ~0. 766 0.750(8) 0.745 ~2.69 1.08(6) =
PFTeDA n.d. ~384 50.6(7) [/ 413.04~3.56 3.41(8)7 | 3.32-3.55 3.45(69=%
PFBS 0.507 ~26.0 11.6(8) T ond ~1.93 0.313(5)’ 10.020,~0. 102 . 038(6) |
PFHxS 0. 052 ~0. 504 0,165(8) (1 0.018~0.258 0.078(7)  #40.020 0. 177 0.076(6)" &
PFOS 07029 ~0.281 0-088(8) | & 0-034-0.298 0. 106(8) 0.034 ~0.218 00073(6)
PFDS i n.d. 0.000¢0) / #7¥ & n.d. 0.00(0) n,d. 0.00(0) .
6:2 FIS | /10,934~ 14.6 3.10(8) / £0.925 ~1.11 1.037(8) 0T~ 4. 64 2.96(6). ,,
PFEEHS © 104230 ~0. 285 0.265(8) " 0. 244 ~0. 291 0.274(8) 0,2721~0.285 0.276(6), &
HFPO-DA 2.24 ~139 22.2(8) 1,40 ~32.9 12. 9(3‘) 01600 ~10.7 2.95(6)
6:2 CIPFESA 0.027 ~0.703 0.138(8) | 10.096~1,09 0:631(8) 0.031 ~0. 804 0.296(6)F"
8:2 CL-PFESA {07095 ~0. 684 0.181(8) /[ 0.526~4.34 1.64(8) " 0.116 ~2. 10 0.921(6)
NpFass! 15. 82770 LB g | 1ot s 1272 9.20 ~35.9 20. 1
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FIUAT . AR T o e R o el 7 S o ) e
P IE Sk Al AF 77 5 e 38 0 I, I8 T 2020
7 A E 120000 t-a” mHRES RESY
T H . BB A A BR S R AL T MR T
SRR R U AR IR AR 77 518 2000 . —
TR 22 5, 1 A B T PFCAs & & 22 5. ML
I BHEE AR 2 Tl el X5 |32 T 95k 77l bR it
PRI H e HE R S L E — R T S
IR BE W KRR B AR TS 2. e Ah , 0T X s Ifs T
AN m T b= i OI E<b - NI N7 DA N RN ]
5, AT R R KL R)Z VIR PRASs & KA IR
2z —.

SR DR IZ DU h PRASs AR TR, 7778
A 8T KCHERIC A SZ 300 A RIS I DT R S5
Hi e J5. B & PFASs U 6: 2 CI-PFESA, 8:2 Cl-

PFESA . HFPO-DA il PFECHS £ /A [] 75 B8 Hi 46 HY
MM EEE M K, 3 AXEER IR Y b
PFECHS &840 4, #:1 PFECHS 7] fig 3k J5 T K<
Uik,
2.3 A[FEIHBDIAT TR PRASs 5 i LR
PFOA 1 PFOS &% i 3 0 SCTE ) P Fft PEASs.
MR 2 R LU 40T (BB B ) R /N T (O 1
BO) REZDIEY H PROA F i LR VL (B R 2
DU PFOA & 1 ~2 NBER, & T 25k
KAL) 7= F——3M 2 6] F i A4 26 75 7Y LL i)
T, L0 = T R S PR s K Ab B ) 1 R
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Table 2 Comparison of concentrations of PFOA and PFOS in surface sediment in Xihe River, Xiaoqing River,
and Yangtze River with other rivers around the world

piTeC FAEAE Ay PFOA/ng-g " PFOS/ng-g~!
B PG LI 2w (22 2005 <0.30 ~18 1.57 ~99. 4
SOHRHL X AT (NI A9 AT AR R BRI ) | F AR L2 2003 F1 2005 <0.1~3.9 <0.33 ~11
99 2 R AT ] (24 2006 0.018 ~0. 068 0.072 ~0.31
BTk X KB, FE IR 4l 2] 2013 <MQLY ~0.130 0.29 ~5.70
BV, A E i o) 2009 0.20 ~0. 64 n.d. ~0.46
BRT., v T 26 2009 0.09 ~0.29 n.d ~3.1
R YT, R g 1 27 2016 n.d. ~0.491 n.d. ~0.287
ZUR, e S 128 2013 0.07 ~0. 51 n.d. ~0.16
4iyy |, v AL e 2009 0.18 ~48 n. d.
AN R E L 2R ) 2013 0. 161 ~3640 n.d. ~1.20
iy, A LT (RLRTEL) 2018 0.47 ~293. 46 0.03 ~0.28
NG, R L AR (TS TR ) 2018 0.34 ~7497.2 0.04 ~0.13
KV, A V5 (B 2018 0.73 ~3.20 0.03 ~0.22

1) MQL Ao 5 a2 BR

A A ZE /N AT A0 5 A WSS AR TR
B Z U Y th PFOA #l PFOS & &%) & B,
KUY T PFOA #RH BTl e I:Tiﬁ?iﬁf‘z/“ﬁ
W LG, AR T AR BT, i PROS &
A BT R B AR VLERIZ TR Hh PROA Fl -PFOS £
EWWHT%%ﬁﬁ?T&@E%Fi%*

PFOA Al PFOS"% o 7 iﬁ@%i?oﬁ?ﬂk ZIS{M%
ﬁTu*&k&FF“ﬁﬁ{t%ﬁFﬁi AZAR 1a<3§.

2.4 | HEBETEW T PFASs éﬁﬁgﬂﬂ']l%
ﬁ@{ﬁ%@ﬁﬂ,PFASS 16 VLR B % 5]

pFAss BALGYEIR B e (ol U s

pH)*¥ \ufﬂifb%ﬂﬂdc PR AR E A X RRRTR
RIZUTRI T B0 PRASs 1 P2 A B R ). A
WF5EiE L SPSS A, XF RIZ VTP PFASs % i,
F o & MUTARYIRLAR [ TOC #47T Spearman #H ¢
PEGIHT , K RS [RD K A 45 5 BT 22 57
3R BT T, PFASs & & M &4 0
SESUTBWIR AR TOC MEPEH AN B 3. HFPO-
DA 15 PFOA, > CI-PFESA 5 PFSAs 4355 3% 1F
(P <0.05) , RHAFLZ VIR HFPO-DA 5
PFOA, > CI-PFESA 5 PFSAs A MM FR 5547 N
ol A SR B TR NI T 2R 2 DU PFECHS
F6:2 FTS B2 B EIEMIC(P <0.01), KILFEZ
DU 6:2 FTS 5 PFSAs 2 W FH A& (P <
0.05) , MR FRAH M AE 55 A A K I AS 8 3, 156
] PFASs ZEDTRRA) i) & 2 — > 2 i IR 2 2L R
YEFIM S =i /.

3 i

(1) Tl Bl X R A HE T (A5 085 G
FEORYE. i R Z VIR, PFASs %

)& PFASs 11
By FE R

15.8 ~2 770 ng-g_I , A UG PFASs éﬂ}i&ﬁ-ﬁ?{%
5, PFBS Fl HFPO-DA 4 15215 ey, /i lp 12
VLR th, PFASs & kR 12.2 ~ 7853 ng-g ",
PFOA | HFPQ-DA 2 T8 ¥5 444 ; ﬁzi,%!?;m%
EF‘ PFASs & [ jﬂ 9:20'~35.9 ng-g~ PFTeDA jﬁ]
6: 2FTS ﬁzgﬁa‘mm

(2)éﬁm /J@ﬁ{jﬁﬂf@{lﬁink.J:_Fw?{ﬂfu'.
PIh  PRASS 5 B 540 B 2% 5 B R JET PFCAs &
LS, mﬁ‘:ﬁlymmnfw A, K
] PR SRR B *47-‘%14[7%11%%‘? {578 9 A 2 A PR i) T
DA T Rk A2 Tl B X o I A 5]
LRI E .

(3) i3 Spearman A EME AT, & B 3 A~ X 8
K2V b PRASs & & 454l & = 5 TR
RIARHT TOC AHSEF A 3, PRASs 45 2H 43 [ AH 56
PR 225, U] PFASs ZEVTE ) & il R S
RPN EG K.
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