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Abstract: 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 Xiaoqing 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 ( E PFASs) in surface sediments of the Xihe
River ranged from 15.8 102770 ng*g™' and PFTeDA and HFPO-DA were the dominant pollutants. In the surface sediments of the
Xiaoqing River 2 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 2 PFASs ranged from 9.20 to 35.9 ngeg™' 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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Fig. 1 Schematic map of sampling stations in Xihe River
Xiaoging River and Yangtze River
1.3
UPLC Acquity UPLC BEH
C18 column (2.1 mm x 100 mm 1.7 wm Waters)
Acquity UPLC BEH C18 1.7 pm VanGuard

Pre-Column (2. 1 mm x5 mm Waters) . 40°C
4 pl. A 2 mmol-L™"
B . 0.3 mLe*min '

©0min 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 ( ESI)

4.5 kV 550°C.
276 kPa( 40 psi) Gasl Gas2
380 kPa( 55 psi) .
1.4
93% ( PFTeDA) ~ 179%
( PFNA) RSD( )  PFOA  HFTO-
DA 20% .
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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 Yangize River/ng*g ™!
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 n.d. ~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 ~7497 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 ~1 090 138( 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. 624( 6)
PFDoDA n.d. ~583 74.0(7) n.d. ~2.54 1.29(7) n.d. ~2.66 1.21(5)
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) 3.04 ~3.56 3.41(8) 3.32~3.55 3.45(6)
PFBS 0.507 ~26.0 11.6(8) n.d. ~1.93 0.313(5) 0.020 ~0. 102 0. 058( 6)
PFHxS 0.052 ~0. 504 0.165(8) 0.018 ~0.258 0.078(7) 0.020 ~0. 177 0. 076( 6)
PFOS 0.029 ~0. 281 0.088(8) 0.034 ~0.298 0. 106( 8) 0.034 ~0.218 0.073(6)
PFDS n. d. 0. 000( 0) n. d. 0.00( 0) n. d. 0.00( 0)
6:2 FTS 0.934 ~14.6 3.10(8) 0.925 ~1.11 1.037(8) 1.01 ~4. 64 2.96(6)
PFECHS 0.230 ~0. 285 0.265(8) 0.244 ~0.291 0.274(8) 0.272 ~0.285 0.276(6)
HFPO-DA 2.24 ~139 22.2(8) 1.40 ~32.9 12.9(8) 0. 600 ~10.7 2.95(6)
6:2 CI-PFESA 0.027 ~0. 703 0. 138(8) 0.096 ~1. 09 0.631(8) 0.031 ~0. 804 0.296( 6)
8:2 CI-PFESA 0.095 ~0. 684 0.181(8) 0.526 ~4.34 1. 64(8) 0.116 ~2. 10 0.921(6)
E PFASs 15.8 ~2770 428 12.2 ~7853 1272 9.20 ~35.9 20. 1
1) n.d.

3 PFASs PFESA. HFPO-DA  PFECHS
X1 X2 3
PFSAs PFCAs PFECHS PFECHS
2.3 PFASs
2020 PFOA  PFOS PFAS:s.
7 20000 t*a 2 ( ) (
) PFOA ( )
2000 t. PFOA 1~2

PFCAs —3M

. ( ) ( )
PFASs ( ) PFOS
PFASs
PFASs 6:2 CI-PFESA. 8:2 Cl- PFOS
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2 . PFOS
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
PFOA /ngeg ™! PFOS/ng*g !
2 2005 <0.30 ~18 1.57 ~99.4
( N N ) z 2003 2005 <0.1~3.9 <0.33 ~11
% 2006 0.018 ~0. 068 0.072 ~0. 31
z 2013 <MQLY ~0. 130 0.29 ~5.70
2 2009 0.20 ~0. 64 n.d. ~0.46
2 2009 0.09 ~0.29 n.d. ~3.1
z 2016 n.d. ~0.491 n.d. ~0.287
B 2013 0.07 ~0.51 n.d. ~0.16
16 2009 0.18 ~48 n. d.
2 2013 0. 161 ~3640 n.d. ~1.20
2018 0.47 ~293. 46 0.03 ~0.28
) 2018 0.34 ~7497.2 0.04 ~0.13
2018 0.73 ~3.20 0.03 ~0.22
1) MOL
N 15.8 ~2770 ngeg™" PFASs
PFOA  PFOS PFBS  HFPO-DA ;
PFOA PFASs 12.2 ~ 7853 ng*g™!
PFOS PFOA. HFPO-DA ;
PFOA  PFOS PFASs 9.20 ~35.9 ng*g™' PFTeDA
6:2FTS
PFOA  PFOS ? (2) N
PFASs PFCAs
2.4 PFASs
PFASs
PFASs N ( .
31 1
pH) =+
PFASs (3) Spearman 3
SPSS PFASs . PFASs
.TOC Spearman TOC PFASs
PFASs
3 PFASs
TOC . HFPO-
.
DA PFOA.S, CIPFESA  PFSAs b o013,
(P <0 05) HFPO-DA Zhao Z. Professor ralf ebinghaus helmholtz zentrum gessthacht
’ D . Beijing: University of Chinese Academy of Sciences
PFOA. Y, CI-PFESA  PFSAs 2013.
Hong C Wang X M Zhang C et al. Occurrence and inputs of
PFECHS , om rivers ai ,
perfluoroalkyl substances ( PFASs) from rivers and drain outlets
6:2 FTS ( P <0. 01) to the Bohai Sea China J . Environmental Pollution 2017
6:2 FTS  PFSAs (P< 221: 234243.
0. 05) . I 2017 62(24)
PFASs 2724-2733.
Lin Y F Ruan T Jiang G B. Progress on analytical methods and
environmental behavior of emerging per— and polyfluoroalkyl
3 substances J . Chinese Science Bulletin 2017 62 ( 24):
27242733.
Cui Pan Y T Zhang H X et al. Occurrence and tissue
(1) ( ) PFASs wee ¢ ! e
distribution of novel perfluoroether carboxylic and sulfonic acids
PFASs and legacy per/polyfluoroalkyl substances in black-spotted frog
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