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Research prospect and occurrence of per-/polyfluoroalkyl substances in coastal

environments

WANG Zitan ¥, ZHANG Shuang’, WANG Degao', WANG Zhen’

(1.School of Environmental Science and Engineering, Dalian Maritime University, Dalian 116026, China; 2.State
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Abstract: Per-/polyfluoroalkyl substances (PFASs) are one of typical emerging pollutants, which exist widely
in coastal environments. Because their environmental persistence, long-distance transportation potential and
toxicity, environmental occurrence and behaviors of PFASs is one of focus in the fields of environmental
science research, and has attracted the attention of environmental managers. Based on the data reported in the
literature, the levels and composition profiles of PFASs in seawater, marine sediments and marine organisms in
China, Europe, America, Japan and South Korea were compared and discussed. The spatial distribution and

characteristics of PFASs in coastal environments were summarized from the international and domestic
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perspectives, and the primary sources of PFASs into the sea were discussed. The future research priorities of
PFAS:s in coastal environments were prospected. The results showed that the concentrations of PFASs in the
Bohai Sea and the Yellow Sea were consistent to those in the seawater of Japan and South Korea. The levels in
the East Sea and South China Sea were close to those in Europe and the United States, and were lower than
those in Japan and South Korea. The concentrations of PFASs in sediments of Europe and America were similar
to those in the Bohai Sea, but higher than those in the Yellow Sea, East Sea and South China Sea. In terms of
composition profiles, perfluorooctanoic acid (PFOA) was relatively high in seawater of China, Japan and South
Korea, and perfluorooctane sulfonate (PFOS) was main component in seawaters of Europe and America. The
components in sediments in China, Japan and South Korea were dominated by PFOA and PFOS, while those in
Europe and America were PFOS and short-chain PFASs. PFOA and PFOS were dominant in Chinese marine

organisms, while PFOS and other long-chain components were dominant in European and American marine

%43 K

organisms.
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PFASs 114 153 H 1H: R0 2 T 3% 14 il L o B K A4 A% A
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FINAYY . 2023 4R 3R E K AR 0 (R S TS
YL WE B X LY BN . PFASs AN UK
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1.1 /K PFASs ik i 401

PFASs 7EF E#1 . ¥ /R m T i K
PEA A H . Zhao 25U 33 MG IR K P PFASS
W BE N 6.25 ~ 945 ng/L, Lin 25 " 43 b7 i 1 75
PFASs ¥ J& Jy 30.89 ~ 72.89 ng/L. B . 4. 74 i
7K PEASs MREEZM14 1.6 ~ 17 ng/L". 0.105 ~
0.632 ng/L"" F11 0.062 ~ 0.494 ng/L"™ ., RIF] 3Cifk
238 B 75 7K o PEASSs 3 22 5 3E 3 K, MR 1
) 0.062 ng/L Z Y 945 ng/L, W PFASs 7£
T [ 30T VA 23 ) 43 A 22 918K . 4 Zhao 5™ B
I8 B, W VR B A AR SN, R
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945 ng/L, HLEDIETE | L0307 1 RN il v S Y ok
1~ 2 B Zhou 25t LI 3] 36 JH 5 v (.
ik F] 556 ng/L, ¥ i A1 U H A I S vk R N
4.55 ~ 55.0 ng/L, H s PR AT BB A2 LU AR J 2R 7 Al
B 22, A AR U™ Mk B X1 3 MV PFASSs 1Y
KT T HAL R, ok, e 4 AN X
17K PFASs Wk B 43 A1 JE A 52 i azc s T i V>
IRtg=m i (K 1),

MR, 57K H PFASSs #} 5 431 5
SCI N m WA iR = R VIR I = vl e - S WA T
FF=Ar AR S o 1L ZR 2 S VIR 7K PFASS
Y FE A 23.69 ~ 148.48 ng/L™", JiZ M 7% PFASs H
21.8 ~ 38.0 ng/LP", HAK 5 T #OME TR (1.6 ~
17 ng/L)" . Zhao 21" W57 8 0N 0T U o
HiL T PFASs Wk B 5 41 1 & B, 5 T g U ) 2
M PFASs BRI T N i, Hod /NG
1] 39 i PFASs [ 38 58 12.076 t/a, 5 bt
FEIRE 35 45T MRE R 58%. Zhou 45
FHA R A ) PFASs NIEEE K 72.2 ta,
Hor /N T (33.8 t/a) FTHK T (34.7 t/a) B A F
SEI M 11 94.8%. X1 AR R, IR
YUV VG 7K 1 PRASs ¢ BE 5 78 =5 A 1K A LG
B IR B B I AT, L3 A2 AT N V1 5 )
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AL E . Kwok 25 17 18 46 B YT g H X PFASS
15 YK 5 P AR R R L N 2 R AE
A DA, I Z I SR SR

S V5 2T ] PFASSs Vi B 358 155 1 S 750 1 35,
ok AR Ap i ] LU — e B B ARRIRE T
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i 7K PFASs #e & 735120 118 ng/L F1 94.4 ng/L,
i 2016 4F F1 2017 4F BV BE T 2 556 ng/L™™ Al
945 ng/L", WK T 5~ 1045, fEH 5,
2010 4F PFASs ¥ 7 1.987 ng/L™, 75 [fl— s fvf
2017 ARV BN Ky 13.58 ng/L7%, BaK-24 7 4%, LU
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K ot PFASs ¥ i} nd ~ 53.4 ng/L””, H A % 5¢
V35 PFASs ¥ B 4y 16.7 ~ 42.3 ng/L™" . #f [ 5 g
1§ 7K th PFASs ¥ B2 F- Y {H R JLA> ng/L, BAKT
7 . Lee 45 i 18 w [E 4 [ ix ¥ ¥ 7K h PFASs
Atk 039 ~ 22.9 ng/LCE(E g 4.46 ng/L) ™,
I BT GPH S E N nd ~ 27.8 ng/L
CE18E K 3.9 ng/L) B, 7R, Jb i ¥ K o
PFASs ¥ 7 0.13 ~ 10 ng/L"Y, 618 1% % 1365
Kl %) PFASs e 535 4.7 ~ 7.4 ng/L 1 1.6 ~
5.2 ng/L"Y. Zhao ZE WL b IS P 7 6 VT R 3T
Y HE 7K o PFASs ¥ BE 4 0.12 ~ 0.38 ng/L, K PGVE
v Bl 0.008 ~ 0.14 ng/L, K P4 7 1 74 vk
7 nd~ 0.045 ng/L™, Cai % 4% 38 74 46 K - ¥
PFASs ¥ £ 7 #5 {1 4 0.56 ng/L™", % [ 3 g
PFASs Wt B 53 A AN ¥ M, 585317 PFASs R BE4
¥, AE JT W T 4k PEASs ¢ 3 ) RS PR AIG . 95 [
L IR T PFASs WO (1.5 ~ 41 ng/L)™,
il % HLIK N ST 3K L P75 PFASs ¥R A 3.74 ~
28.63 ng/L, {H 1 UL I 35— 1> 1 A0 A ¥R B v ik
677 ng/L(PFOS ¥ FE Ky 269 ng/L), W i 32 3| 5 I8
15 P% . Benskin 25458 P AL KU T PFASs YR
BAK(0.077 ~ 0.19 ng/L), {HHET 2 18 15 B 3 4h hir
H PGS R BE % 5.8 ng/L. RAL KT EENIR
FIHE 55 38, PFASs ¥Rk 0.28 ~ 0.98 ng/L, H.Fifi
25 I T R

SRR, PFASs 1 ER g /K BREE o 4
K, 3% i A0 PEASs W 5 H A Fiik
T ST VA AR R A 24, AR VA R i 98 5 N 30 YA R B 4
T, B AR H AR, 95 TR E A A
Yy, AR T WM AT A . TR AR I R
PFASs ¥R .
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PFASs A [R] 41 43 14 20 B 45 A1F RE A% iz bl 1X 3,
PR AR P T SR A O . ROk A, T E AT H
A, W E K T PFOA (4L 4 5, B S 3T TAF
KA LL PFOS 4% PFASs M F (FE 2) .

Zhao % % i ¥ 7K 16 F PFASs B BF 5
&P, PEOA ¥ i/ 3.2 ~ 845 ng/L, (5 & PFASs
Yk BE 1Y) 68%, PFOS #¢J¥ 4 nd ~ 2.91 ng/L"". Lin
S R LA AR, 01 VS Vg K PFOA VK 2R
26.22 ~ 57.74 ng/L, /5 F T {7, 1 PFOS ¥ & A
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Fig. 1 Comparison of PFASs concentrations in seawater of China and other countries

0.29 ~ 11.04 ng/L"™". Hu % % i& %< ¥F PFASs LA
PFOA #1 PFOS 32, Hith PFOA YK JE 4 0.015 ~
0.263 ng/L, (i # PFASs [ 48%, PFOS (5 12% "',
Xiao %5 X 4t ¥ ¥ B BF 5% 1 7n , PFOA ¥k £
0.16 ~ 1.46 ng/L, i & PFASs 1) 68%, PFOS ¥ &
4 0.06 ~ 0.21 ng/L“",

B B R, AR R A fE PFASs 4147, 1
4% T M2 (perfluorobutanoic acid, PFBA, C4) . 4
T 3L % MR ( perfluorobutane sulfonate, PFBS,
C4) . 4 %X R ( perfluoropentanoic acid, PFPeA,
C5) S50 Tk U M K P gl B i . ok i
57K H PFOA ., PFBA Fl1 PFBS J& £ B4 43,
FESE(E GE R 4351 8 4.4 ng/L(3.4 ~ 5.6 ng/L)
2.4ng/L(1.1 ~4.4ng/L)F11.5ng/L(0.4 ~3.3ng/L)*,
Zhao % % BH B ¥ 1§ /K F PFPeA ¥ & (nd ~
34.4 ng/L) LK F PFOA, i1t PFOS, [A]i} PFBA
1 PFBS B 1™, Zhou 2058 & B,
¥h . B PFPeA(nd ~ 54.3 ng/L) #il PFBA(nd ~
34.5 ng/L) B BE KUK T PFOA, 435l i B it

[ 0.6% ~ 68.6% F1 5.2% ~ 59.5% "', M %<1 5|
R VI 7K PFBS ¥ (0.023 ~ 0.941 ng/L) AKX
LAY, AUE T PFOA 7, WA 5 36 5] B 1 96 7K
t PFPeA( F # {H 1.2 ng/L) F1 PFBS(F ¥ {4
1.0 ng/L) 43 5 o5 &L 5 1 26% 1 22%, i Ik F
PFOA(32%)"", JLFBIE K+ PEPeA Jg ik i 4
A, W BE R 0.07 ~ 0.35 ng/L™, BRVT 11 4R 3T 17 45k
W 7K # PFBA ¢ % (nd ~ 0.4016 ng/L) B & /5 T
PFOA (nd ~ 0.4007 ng/L), (5 £ G403
oK BE PFASs MR i, a0 6« 2 54K
£ FBEE R (FT 544 F-53B, C8) A4, 2-F %E-3-
2% €. R (HFPO-DA, C6) 3 7 38 [ iz ¥ i /K
WS RS o TS I B HFPO-DA A9 ¥k Ry
nd ~ 6.87 ng/L, I J& B Ho 3 2 0] 3t A9 N\ Vg 3
(1310 kg/a) & F PFOS (224 kg/a) ", 1 K
PFOS 5 18 7 fi 1 F-53B, 75 1) 115 09 K6 1 3y
100%, e[ 0.05 ~ 11 ng/L(F{{ 0.28 ng/L)™,
5 3 T LA Ve R L L v B A e, R R A AR
£ F-53B MAE AR = sl ffi . Hu S5 7E AR Mtk
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) 3845 25 e B 1 F-53B(0.60 ~ 47 ng/L)"”, Wang
SRS IR K R F-53B, W% R nd ~ 0.307 ng/L,
R 119", PS5 R R, o T K
B L PFOA hy &, (HEHEH ) 2K, )z
B T % [ PFASs AYZE 7= fifi FH B A MK B i) 4 i
AR, R, J5 SRR 5T e B A A R
PFASs A58 Hh S Y T4 H AR

ik [§ T 3 V6 K o PFASs 1Y iIF 5% 45 %E/T
PFOA (5 = b7, W BE A 0.21 ~ 16.5 ng/L, Hy
2 B T 4 RO R A R (C6) (<0.1 ~ 8.84 ng/L)
1 PFBS(<0.04 ~ 3.87 ng/L)"™”, # € P51 /7 PFOA
HIPFOS J& FZ 2 3, WkIE 53510 2.95 ~ 68.6 ng/L
F1 4.11 ~ 450 ng/L, HIRELFHEIR (CT), W JE
W 111~ 472 ng/L SR EZERL, H A FE
VS 14 S e 201 43 BRSO S 22 A e 1 43
1, PFBA il PFPeA /5 £ 7, 5 & & 1Y 28% H
249%™ Li 44138 H A% PFBA(0.319 ~0.623 ng/L)
{5l T PFOA(0.065 ~ 0.327 ng/L)"”, Beskoski
A5 R TS A R O 2 TR 4 9 CL R (C6) o
B4 (3.4~ 37 ng/L) ", T 3 AR LK BE

3, AN R T Vi K v 24 432 PFOA(0.2 ~
8.3ng/L). PFOS(0.2 ~ 5.8 ng/L) FI 3R BiiR(0.25 ~
3.1ng/L)P, B R AR PFOS (HHURR(<0.11 ~
0.91 ng/L), H R &4 9 C iR (<0.155 ~ 1.0 ng/L)
1 PFOA(<0.093 ~ 0.9 ng/L) ™, PG HEF fin 7 &
JE W PFOS(0.05 ~ 3.93 ng/L) #ll PFOA(0.07 ~
1.86 ng/L) v JiE A e ™Y, A6 4 gl % ) 98 1 ip
22 v K T PFBACCE- 318 0.49 ng/L) Ky 32
éﬁﬁj\, H K & PFOA(0.32 ng/L) %, 78 [ 4k 1 3%
i L PFBS(F {8 1.2 ng/L) . PFOA(F {8
0.84 ng/L) Fll PFBACF-¥4{H 0.92 ng/L) 4 &, 53l
R 31%. 26% 1 20% . Joerss 25 7E {8
] b Vi I 2 A v v K b R T ) A v K OF Y
HFPO-DA, % 4 1.6 ng/L, 5 S (27%+5%),
HAth 4% 20 5340 PFBA ., PFPeA . PFBS, LA K 49
O % . 4 BEIR 24 5 24 PFASs 1 60%"", L) I
B 220, 2000 4 LAk, 3M ORI FE IS A5 G AL 0 119
F2 AR N\ E AR G2 K 4% PFASs(PFOA Fil
PFOS 45 ) Jf: ] Ji 4 41 43 A 7= 26 A , il A9 KR ST
WK T4 55 PFASs (5 HLIFBA3E
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Fig. 2 Comparison of PFOA and PFOS concentrations in seawater of China and other countries
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2.1 UL PFASs & B

P = T O AR v 3 G T PFASsS(3R 1) 6
BARKRE, I E &R ZTORY 1 PFASs 43
A 506 K 2L, V3R] 43 A 22 SRR, JR v I
B, e S TR R B, R AR
Liu &5 7E ¥ ¥ 75 A5 00 #1) PFASs & = 8 &, M
2.69 ~ 25 ng/g CEHIME K 6.76 ng/g) ", Wy it Al
BV Y 18 A3 T TR DA 4 h PFASs % &>
0.325 ~ 11.1 ng/g, H3EM VIR H PFASs & &
e #E AR PFASs & 54N 51 0.209 ~
4.74 ng/g 1 0.463 ~ 2.56 ng/g'™. Gao %5 % BH i
1 UTA Y PFASs & 2 CE¥IME N 0.77 ng/g) >
ZME CF {8 0.52 ng/g) ># Mg (- {H K
0.49 ng/g), .7 5 B 25 5 FE g 3 i e 4%
DU  PFASs 3 it AR, 38 1AKF L
BRI — MG, X S5 R/ PFASS
TR dbEE DI b PFASs
& 019~ 0.66 ng/g™”, T HI S K 0.013 ~
0.251 ng/g CEH4ME H7 0.073 ng/g) ), BRI = F MM
ARSI IR A 0.0242 ~ 0.1814 ng/g' ™, Ho23 W] 43 1
b AL LT P ARG PR = N S EE

XPIEFE TR PR EE P PFASs (85 & B,
LB B TR B 3 0 T REAIC, 1, e . AR
W 3 AU AR A, PFASs & &4 nd ~
1.65 ng/g, 3 AHIREE H PFASSs {4345 KL A [H],
I 55 3% B J 9 A T B R TR B AR —
B JGE W SR EE R, PFASs 2 M 1]
T4 2.00 ng/g [ % 1.20 ng/g FTA 2.06 ng/g
W31 1.37 ng/g, FH4S34 PFOA , PFBS #1PFBA,;
YIS FEIRFE T PFASs &84 0.013 ~ 0.251 ng/g,
PFBS Jy =% 4 4> (nd ~ 0.189 ng/g) , £ /5 &
61%, 3 H. PFOA . PFOS #il PFBS 7£ A~ [F] 4% J& £
i R AL A3 H A Y AR b, 5 IR YIS X I 1955—
2020 AEFR B A 70 R 0 S A O,

H A it [ 1 PR TUR W H PFASSs 2 i RS AIK
TIREEGEARE. HARRZEUFY T PFASs
SRR 0.29 ~ 0.36 ng/g”™, KB FRE L 5
PFASs “E-HJ{i 4 0.336 ng/g F1 0.211 ng/g"”, # [5]
T 50 NS ULELY) 1AL PFASs 3 14 0.045 ~

1.13 ng/g™, PG 5 13 N3 TR T PFASs
Sl 0.536 ~ 0.953 ng/g®, Shen %5 7 ik 5 2
PV K PR, PFASs & ik S22 1] JEE S LR
WA '™, WK 25 35 MG UL B PFASs & b 50,
InfEEILEE, 2015 47 REHE os H 5 28 0.056 ~
7.4 ng/g™, 2019 4 KI5 5K 0.018 ~ 2.6 ng/g 7,
BRSPS, (B8 B4 H A
55w o 36 5 RRIS LAY h PFASs & & R
0.13 ~ 1.5 ng/g"™, Pl -5 e SR Wr iy 11 f) 55 4 A
X5 (0.22 ~ 192 ng/g) ™, Lin %45 26 B} 25 15
KA UTR Y AR B v & 3L, PFASs & 2
0.60 ~ 1.92 ng/g(CF¥IE N 1.17 ng/g) , 5% HF 5
FJZ VLY PFASs 41 1 25 1), PFOS(47%) 1
PFBS(19%) 42 £ B2 43, 1945—2014 4%, i 16 85§
ULAL Y b PFOS % & M 0.56 ng/g & 4 T im &
2003 4F (AR (0.97 ng/g) J5 JTHA AR, 49 T- 12
(C9) A2 (C10) & & [ 1975 4E LR Z
A 88, T PEBS Fl PFOA () &5 | £ 31k 5 7%
Ak, 38 32 X6 ok Y AT & TR 3% KR EE Hh PFASs A
45% >k 1 PFOS Rij 9k 1A i) R E ALt 72, 1% 4%
4535 PE R 15 h PFASs 11438 J5 B2 AL T A 5] 1 0
A B A WU A b 38 G T AR A o
PFASs % 25 & Eim A Y, B T H A i
TV AR B AR, G TR E . T
5 R, 45 [ AT DR h PFASs % 2 4
fi A 5K R AN e — 80, Xl RE R T
PFASs HyM: R #FaE, Iz i+ PFASs 19
TR B8 A 75 8 T AR s ), HG 5 A e B G
T 18 T KA, A5 KR o PFASs A9 & &40 A 1]
DA Z2 (B 224 TR Mk 1 52 i 5 AR Ak, i AR
Y1 PFASs 1 & & 5 21 5 ) o (R B T g s
fEE2 N
22 ULEMWH PFASs 41 HUAFAE

TR PFASs 44153 1 4 SRR AIE A5 1
A LLRAE PFASs 19 7 5 FH R A O S AR Ak i #
AL A, B A H A E T LAY
PFASs Ll PFOA H1 PFOS & ¥, H:i PFOA 5 &=
5, BKIEN L PFOS FljE 5% PFASs b E(F 3),

Zhao SEWF 5T NG TR h PFASs 41 % % 1
PFOA(0.2 ~ 1.0 ng/g) i FE 41 41, 1 PFOS F =
% 4 nd~ 0.20 ng/g", H#h 1 v BT A 4 s LA
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Tab.l Comparison of PFASs concentrations in coastal sediment of China and other countries

a3 SPFASs 7 il Flmg g ' a3 SPFASs & i lifEl/ng g '
gt nd~ 1.1 BRIT C AR R 0.0008 ~ 0.084
I 0.12~2.1 BRIT 41307 3 0.0242 ~0.1814
gy 0.06 ~2.98 J st 0.19 ~ 0.66
g (7)) 0.5~2.78 It 0.056 ~ 0.59
e (119) 033 ~1.75 Filt) 0.15 ~0.37
AR 8 g™ 1.3~11.17 THIE) 0.013 ~ 0.251
Kt 1.49 ~2.66 H AR s 0.29 ~ 0.36
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Fig.3 Comparison of PFOA and PFOS concentrations in coastal sediment of China and other countries
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