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Residue Characteristics and Distributions of Perfluorinated Compounds in

Surface Seawater Along Shenzhen Coastline

CHEN Qing-wu', ZHANG Hong®, CHAI Zhi-fang’, SHEN Jin-can*, YANG Bo’

(1. College of Life Sciences, Shenzhen University, Shenzhen 518060, China; 2. College of Physics Science and Technology, Shenzhen
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and Chemical Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract: In order to explore the residue characteristics and distributions of 15 perfluorinated compounds ( PFCs) in 18 surface
seawater samples along Shenzhen coastline, high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS)
combined with solid phase extraction enrichment was applied in this research. The results indicated that residue level of PFCs in coastal
surface seawater samples was significantly affected by human activities. Z PFCs residue levels in surface seawater from Shenzhen west
coast, which locates below the estuary of Pearl River and Dongbao River, are much higher than those from the east coast, which has
low development and sparse population (P <0.05). Under natural conditions, Z PFCs residue levels in coastal surface seawater

samples from Shenzhen Bays are higher than those out of bays. The major residue species in surface seawater samples along Shenzhen
coast were medium- and short-chain PFCs, including perfluorooctane sulfonate ( PFOS), perfluorooctanoic acid ( PFOA ),
perfluorohexanoic acid and perfluoropentanoic acid. Their similar environmental behavior (P <0.05, P <0.01) is likely associated
with the production process of PFCs-related products. Furthermore, cluster analysis results show that PFOS (R* =0.409 2) level can
be used as a representative parameter for evaluating PFCs contamination status in surface seawater along Shenzhen coast.

Key words : perfluorinated chemicals (PFCs) ; perfluorooctane sulfonate ( PFOS) ; perfluorooctanoic acid ( PFOA) ; surface seawater;
HPLC-MS/MS
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(‘persistent organic pollutants, POPs) F* 2009 45 H
BEHIA POPs A B JFT 2010 4 8 J 26 HIER/E
B B AATXFEREE B PRCs A W R XU RS T A
G Im] T N v

PFOS Il PFOA PR ELAT — 5 (KI5 fifk 52 A 12 2
FIARSR (9 T P, e 5 B T K A ik
[ PFCs H ZORE Fifi 2R K 6 PR IEA KR, SO PE 2
PFCs {55 i i 2232 1A, HJE PRCs BIF 9 AR X B 401
B I T BRI A AR R, 5 M —IT 2 b,
SRR G A0 WAX [ AR IO 2w 4
5580 A €57 - 5 3% 3K (high performance liquid
chromatography-tandem mass spectrometry, HPLC-MS/
MS) AHZE 7T 1k ARV 18 AbRJZ KT
15 Fft PFCs HY5% BA 7P B H o A R Ak, 73 PRCs /Y
FVFHAT T, BTENER = fHbIX PFCs HRTE 1T
oAt Im Y] DL RN T I i Js B PRCs 2288 X
R AR AT SR S .

1 #R5E7TE

L1 AXes 5

HPLC-MS/MS 1 H A% 47 Agilent 1100-API 3000
(3 AB AH]). FIARALECK 12 8 52 ALK (3£
BESEP 23 ), f#i il Polymer WAX (150 mg, 6 cc)
[ AH 2 BUAE (28 [H Chrom-Matrix 23 @] ). PFCs 1 kf
(2000 ng-mL~") 4 F il K Wellington 22, 15 Ff
PFCs 1A 7Ms £ 1 42 9 C e i iR ( perfluorohexane
sulfonate, PFHxS) . 4= % 2 i fith BR ( perfluorooctane
sulfonate, PFOS) | 4= 8 %% it fiff B2 ( perfluorodecane
sulfonate, PFDS) 4= 9 Y R ( perfluoropentanoic acid,

PFPeA) .4 C R ( perfluorohexanoic acid, PFHxA) |
PR ( perfluoroheptanoic acid, PFHpA) | 43
2 ( perfluorooctanoic acid, PFOA ), 4 i T
PFNA ). 4 i %% M
( perfluorodecanoic acid, PFDA ). 4 % I — W&
( perfluoroundecanoic acid, PFUdA) . 4 9 + — ®&
( perfluorododecanoic acid, PFDoA) . 4 f + = R
(' perfluorotridecanoic acid, PFTrDA) | 4= % 1+ I fiR
( Perfluorotetradecanoic acid, PFTeDA) | 4= % + 7~ g
( Perfluorohexadecanoic acid, PFHxDA) A14=%+/\[iz
( Perfluorooctadecanoic acid, PFODA ) F F BE& 2 Hi B
J95.10, 20, 40, 60 ng-mL ™'t 5 kT HPLC-
MS/MS FrifE TAERTZR; 8 Rl & NARELFE perfluoro-
n-[1,2,-"C,] hexanoic acid (MPFHxA) . perfluoro-n-
[1,2,3,4-"°C,] octanoic acid (MPFOA) ., perfluoro-n-
[1,2,3,4,5-"C,] nonanoic acid (MPFNA) . perfluoro-
n-[1,2,-"C,] decanoic acid ( MPFDA) ., perfluoro-n-
[1,2,-"C,] undecanoic acid ( MPFUdA) . perfluoro-n-
[1,2,-"C, ] dodecanoic acid ( MPFDoA ). sodium
perfluoro-1-hexane [ '°0,] sulfonate ( MPFHxS )
perfluoro-1-[1,2,3,4-"C, ]
(MPFOS) JH F B B¢ 22 200 ng-mL ™' i, 5 . 52
IS (25 ). T. Baker 24 H)) W R (96% , 35 [H
Dikma 2\ ] ) FIEE AR £% ( 32 E Dikma 23] ) S~ 154l
2K (25% , LAY Acros 23 W) LA, /K S AL BH
#18.2 MQ-emHBLEK.
1.2 FEECREESHTAL B

2010 4F 11 ARV R R T 18 bR 2
MK (BT, BR 293 m, ] 500 mL 2R AR B2 AR

( perfluorononanoic  acid,

sodium octanesulfonate
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Fig. 1 Distribution of surface seawater sampling sites along Shenzhen coast
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K BHAERAE 22 000 m, %5 AR UL 47 9]
SIS TR K RE SR AL 20 22 0. 45 pum SR LG T 4k D8
3t ik, 25 e RV R ECD 000 mL 3 S A9 K,
A 25 wL 200 ng-mL~"f{) PFCs ARG, IRAT, FiG1k
J5 ) Polymer WAX [& A1 A% BUH: (KWK H 2 mL H i
F2 mLOBAiKIEM) Wl o2 s W
J&, Je)E 2 mL 2% H R K IE . 2 mL 2% HIR K
VR BE (L 1) WSO e, Fl T 50 2 mL Y BEOAR
Ve, 5 4 mL 9% SK W B e i 5 F-4h
T VR, AR E T, FEBEEAE 1 mL, A
2 mLAESI, 7 HPLC-MS/MS 43 #7.

1.3 7¥r

HPLC 437 . o354 R Agilent Eclipse XDB C18
(3.5 wm, 2.1 mm x 150 mm) , #EFEIRFL 20 pl. 78
50°CH:E, 0.3 mLemin ' JEE T, WA A (HEE)
5 B(2 mmol - L ™" Tt 2 £ /K 15 80 ) 1) 6 J3E 0k I 2
JyEEEET 20% A, 80% B, 8 min I 95% A, 5%
B, 13 min B} 100% A, 14 min i} 20% A, 80% B,
14345 6 min.

MS/MS 4347 4 F API3000 = B U % AT 53 1% [
ik eSS 7 B TR s R Ak
RS WA 754 500 V LRSS HL R | 10 Lemin ™' %5
A, 9.0 Lemin ™ KAT I, 5.0 Lemin ™' 4ff
BRI 450°C B FIRIRE T, AR e (£ 1).

F1 BRLEOR AR RESS

Table 1 ~MS parameters of target compounds and internal standards

fRfERE EEfEREE

=i =
wEY BEEF FEF v oV
PFPeA 263 219 -60 -20
PFHxA 313 269 -70 -20
MPFHxA 315 270 -70 -20
PFOA 413 369 -70 -25
PFOA 413 169 -70 -25
MPFOA 417 372 -60 -25
PFNA 463 419 -70 -20
PFNA 463 169 -70 -35
MPFNA 468 423 -70 -20
PFDA 513 469 -70 -20
MPFDA 515 470 -70 -20
PFUdA 563 519 -60 -15
MPFUdA 565 520 -60 -15
PFDoA 613 569 -60 -23
MPFDoA 615 570 -60 -23
PFHxDA 813 769 -60 -30
PFODA 913 869 -60 -30
PFHxS 399 80 -130 -75
PFHxS 399 99 -130 -52
MPFHxS 403 103 -130 -52
PFOS 499 80 -180 -100
PFOS 499 99 -180 -70
MPFOS 503 99 -180 -52
PFDS 599 99 -70 -42

1.4 FraiEdl S5 RE

S 58 v BT FH s L34 2R FH SR R A A o, 66 FH i 58
25 F RS . S 4 i R ot i Ak 38 3 A T g Al ok 19 411
JEPETs g, AT RS LK. S S 18.2
MQ-cm [ #8 2l K, H & i PFOS (¥ B 0.046
ng- L1 ITA S 45 3 R Fn Bk 2 AL 4L
P, 15 F PFCs 7E 5 ng-L~" ¥R KB b [al g
R 71.2% ~ 128% , 3 ZBILH R 3.8% ~
16% , 456 35 E EPA B ZR (IR E 100% +
40% ). 15 Rl PFCs 1E 5 ~60 ng-mL ™" ¥ & Y0 [ 19 2%
PEAIIE R B () 7E0. 990 7 ~0. 999 72 [&] , 46 FR 75
Bl 0.01 ~0.65 ng-L~" il R0 Hr Bk

2 HR5ITR

2.1 BT FRZE K PRCs 1958 B8 RHIE
RN 7 18 AbRJZ K PFCs 5% B /K-F- il
Kl gl (3R 2) Won, £ 2 KR 5 PR
PFHpA .PFTrDA #l PFTeDA 3 F PFCs K4 i1 41, H:
‘B 12 B PFCs ARG H 2 (% ) 2 PFOS = PFPeA (100)
> PFOA = PFHxA (94) >PFDoA(78) >PFDA(67) >
PFUdA(61) >PFODA = PFDS(33) > PFNA = PFHxS
(17) >PFHxDA (6) FJITF. A5t 8 PFCs AR Bl 55
oM (C<6) Wi (7T<C<10) K4 (C=
11)3 25, RZ M KBE S PFCs 5% B 7K1 ) 52 v i
>> 5 HE >> KHE 4 A (B 2), Horp PFOS 4
> PFCs ) 45% ~67% ,PFOA ,PFHxA ,PFPeA 2 il

5 > PFCs 9 26% ~53% (K 3) , R Hh 6 1Y
PFOS .PFOA _PFHxA HI PFPeA I i 5 22 )2 1
K PFCs 1Y £ 225% B A A8, T PFOS 5% B3 X >>
PFOA 5 PFHxA B PFPeA , J2&: R I i 36 2 17K
% = E R B8 Fh . Hierarchical 2270 #r 45 R i
/N, PFOS 1 R* {H 5 i, 40.409 2, # — 5 & B
PFOS 5% B ATV M DR YN 1 12 2 )2 K PRCs
15 YR BT SRk e g S S BRVT TN Bk
& ( PFOS: 0.9 ~ 99 ng-L™'; PFOA. 0.85 ~ 13
ng-L™") 73 U B (PROS: 0.58 ngeg
PFOA:0.21 ng-g~ ') "™ LI & Bk = £ X 38 [ ok K
(%Y. PFOS M 11 ng-L~' ,PFOA N 1.0 ng-L™'; &
. PFOS 4 7.0 ng-L™',PFOA & 1.1 ng-L™"; M
[7:PFOS 24 6.2 ng-L™" ,PFOA 1.3 ng-L~")PFOS
FREE Y B = T PFOA RYBEST 45 R M4, i T
PFOS il PFOA B A R fa 0 b2z 1k i, /2 24K
PFCs (WA REAR =)', I Z PFOS  PFOA & H ¥
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K2 FRUBEEREEKSP PFCs R 5% BKFE/ng-L~!
Table 2 Detection rate and residue levels of PFCs in surface seawater samples along Shenzhen coast/ng-L ™"
i JEHE(C<6) ik (7<C<10) KHE(C=11) S prc
A
PFHxS PFPeA PFHxA  PFOS PFDS PFOA PFNA PFDA  PFUJA PFDoA PFHxDA PFODA :
S1 nd" 1.3 0.77 8.6 0. 055 3.0 0.12 0.29 0.067 0.015 nd 0. 66 15
S2 0.21 12 1.4 37 0.94 6.7 0.50 1.4 0. 69 0.23 nd 0.49 62
S3 nd 1.2 1.1 6.6 nd 3.9 nd 0.13 nd nd nd nd 13
. S4 nd 3.5 0.78 8.0 0.57 3.5 nd 0.18 0.10 0.078 nd 0.21 17
‘,{,L’Ej S5 0. 059 1.6 1.7 5.8 nd 2.0 nd 0.03 0.011 0. 094 nd 0.21 12
T
S6 nd 0.34 1.8 5.6 0. 047 2.0 nd 0.24 0.050 0.087 nd 0.11 10
S7 nd 1.0 1.5 3.9 nd 1.2 nd 0.25 nd 0.014 nd nd 7.9
S8 nd 0.28 1.9 5.4 nd 2.7 nd 0.10 0.037 0.017 nd nd 10
S9 0. 063 0. 60 0.83 5.9 nd 3.6 0. 091 0.38 0.047 0.043 nd nd 12
S10 nd 1.2 0.75 3.4 0.045 1.1 nd 0.21 0.015  0.093 nd nd 6.8
S11 nd 0.36 0.59 2.8 0.095 0.075 nd 0.078  0.020 nd nd nd 4.0
S12 nd 0.50 0.67 2.4 nd nd nd nd nd 0.052 .099 nd 3.7
P S13 nd 0.36 0.63 2.4 nd 0.80 nd nd nd 0.066 nd nd 4.2
(n; S14 nd 0.10  0.57 2.3 nd 0.78 nd  0.021 nd nd nd nd 3.8
2PE2
S15 nd 0.074 0.85 2.6 nd 0.87 nd nd nd 0.047 nd nd 4.4
S16 nd 0.041 0.81 2.4 nd 0.32 nd nd nd nd nd nd 3.6
S17 nd 1.3 nd 2.8 nd 2.0 nd nd 0.058 0.074 nd nd 6.2
S18 nd 0.78 0.56 2.6 nd 0.24 nd nd 0.025 0.036 nd nd 4.2
%/ % 17 100 94 100 33 94 17 67 61 78 6 33
1) nd R ARAG
50 — 1 PFOS PFOA = PFHxA =1 PFPeA
L N s bk ESPFDoA @@ PFDA  Em PFUAA
452 J— S18 |2 SR W |
o SRS
N i S17 G AN
S16
12 A n S15 b NSNS
S14 G NN
- 1 S13 B N
o 101 I S12
Ed S1l 7 SRR s
;E{ 8 | S10 e RN s
= gg e N
6 S7
S6
4 + A 55 i
S4 R S A ||
2 . S3 L
0 : A L i
S 1] L A N T o I ik 43 E %
2 RYIEEE 18 hREBKPEHE(C<6),

i$E(7 <C<10) K$E(C=11)PFCs % BHH
Fig. 2 Residue distribution of short-, medium-and long-chain

PFCs in 18 surface seawater samples along Shenzhen coast

o KBRS PFCs HAT AH X 85 8 14 7K U fige 1
BERAYZE AR il L B A K A o i ML RL Y PRCs

RIS 2 2 27K PROS 3% 88 7K (2.3 ~ 37
ng-L™") W& AR F H A K 525 (0.338 ~ 57.7
ng- L") VIR R R EOK  SE R T RE ( <0. 10 ~
2.25 ng-L~')") FHHE(0.09 ~3. 1 ng-L~") " Flgh
(0. 039 ~2.53 ng-L~") " By [RIZEHEE S ; PFOA 3%
FAKF-(0.075 ~6.7 ng-L™") W IR TR (0. 17
~37.55 ng-L7" )V AT HAEKE 5 (1.8 ~ 192
ng-L~") " KT #EE (0.239 ~11.35 ng-L~") "

B3 RIEBRISAREEBKHTHEE

PFCs( #H 2 >50% ) B
Fig. 3 Percentage compositions of seven main PFCs species in

18 surface seawater samples along Shenzhen coast

5 (0.73 ~5.5 ng-L™") A4 i N [5] M s
VI R 2K PFOS PFOA %% B8 22 SR R 5
SRR 5 A PR A7 B AN ) Mk 28 5 e S K el
SEAR AR AR G, U S2 AV A M AL R VTR 2R 3] AT
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