ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

rRE BB A S IR ST L £
: M @ HE




w % B 3 $536 % 5561

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2015 4E 6 A 15 H

H e

BB RR TR T SRR AT HT v vveveeeessmrmmmneeeeemmiie e W KR R EE B HE(1911)
B U RR AR AC AR B R A B R X KA BE WL BE SR weveeeveeees T, B, kW, B4 E, B, EA(1919)
R AL RRA 250 K PM, KR B F IIT5 YR E SIS GRS -eeeeeeeeeeeeeeeenns Bl DiE RE  EGFE, £#(1926)
HHRARERRIREBRE GIRIGYIYIER o 24 ESH,ER, T, KB, KB (1935)
R = AN IX BT B4 T2 TEFITR VOCs HERAE -+ eveveeeeermmeeeee s TR R R B, R (1944)
BT DA A B B TR IR IE FIB M coeeererrerrrmesmrmirri ittt Ak, EFE, EX4(1952)
b K ZEG R P HEBOIR B A5 Y F R eeeeeeeeee B UE B, R R AR, RuRE, R, R R UT(1959)
JC TR b A A AR B FHEAICRRAE «evvvemmmereeemmeeeeeeeeiiiens AR, ZEE,GEE, TR, K T (1966 )
PRI, T YR PRI T LR A HT v vveeeeemmemmmreeeesnmtner e e e WM TR AL M, X A BRARE L BB (1975)
Mn—Ce/ﬁ?ﬁE@ﬂﬁ?ﬁ#%ﬁﬁ?ﬁ ........................................................................ Li%f gﬁ , # EP , F/if\ H}{‘j 7( , g%}ﬁ( 1983 )
DA L T b = AR o T DN 5 T ZyE, YA 7 ER(1989)
FRMAE Y BRI A DR FNIT R AR -ooeeeeeeeeeees FAL N, B AR, A, RE R LVEE REAW, B E (1998)
BT B LK AR R I P 25 S IR I TITHE «-vvvvvvmvmmmmmmmnereeeeeeeeteieiiiiiiien, FE,Fws, FF, KERE, E4H(2005)
ST IR CBECRE NG TF R IR AT ATEREMR e EE RE T, E A, PR (2010)
KT 1 A3 3 5 T K AR T AR ) G R BT P AT v veeeeeem e x| R, ZEFHD(2019)
VY SR AR IUL SIS YEE oo Ak, o, Wb, I E B, THW, T A, £8, ¥5E(208)
UM PN 750 ORI | AT BB A AE LR R S oo W 5 AFE EEE Wi, HEE(2038)
AN B U T e X T SR T A R DAY v EE EAE,GHE,BRRER, I, T, (2046)
FEA TR K P B2 XK 2L . B FEE 5 KBTI JTE v v evvmmeermmmmeesmmmmee et T, F YA (2054 )
I X AR XE SRR RIS EE a MRS S AR AL S HAH L OGFR veeeeveenenene K& AHEZE A, A, Douglas G. Haffner (2061 )
FRARRAE DI AN RS A PO AR R e - e e WY AR, RiEdE HA R X B4, B B K (2070)
ST R U 0SB B A3 R IFGE v vveeveemreereeeeeeeeenenn e =4 EfN ek, Tk, THH(2077)
SO 1 2 VTR DOR A R AR U RAE L AR —oeveeeneoe Y, ERR, Kk, 5, Bk, H 4 (2085)
T DA K VAT TR0 3 A B AR AR AR S e B EFT, KL BRI BRE A, B (2094)
TEBAES T K JE X A K GRS ZZRRAE ceeeeeeererrersrrmmmmmmmrnmreieet ettt OB, R s TEE(2102)
L Y42 1 T B AR T e R () TIAZ) SEIATITT v vveeveeerereeeesennenssnnnii e EHA RS, ZH(2109)
Fe/Cu AL JFREF R K IR CRE I PERBIFIY «ovveeermemmmmeeeeeeeeeeeeees TARE, DR EET,BEE, ZHRE(2116)
ZHEAREE «-FeOOH HIEIH, O, 1] WA AL R A TG TS IRl - R, ZRF, B ED, EEA, A R(2122)
UV/H, O, R 32 B R S 8 J1 2 B B ZE oo Bk, ARRE, MK, F4K, XA, A (2129)
HE TiO, JAEALFEMRRTALTR -vvveererrremrereeeeeeeee X A, KER, Y E AL, A, Em, KL R HE (2138)
R IBITERR T P LR TR 7 «oevvvrrreeeee et 2 LRE B, R, EH(2147)
YK Fe, 0,/ Ce0,-H,0, FEHIHIA Fenton HEFAT3 4~ L0 T ALY -+ vvreereeeeeeeeens INE B A, LA, A (2154)
VAR AR AR CMC-Fe® &K T TCE BMFGY «-vvrrrererrerererenrrneeens # 3 , JoRia , 2N , N E (2161)
Pd-Fe/ {1 854 22 DY REREAL BRI AR A-HLIIBITE -oooeeeemeeeeeeeeeeeees X, EN, EE, K, %5, TRE (2168)
BB AL IR R A 2R B S G HLI] «eeveeeerees e e s YD X E,EEE RET (2175)
G- 7S Joe = LG B R I M SO K S R SR N R I W B R e AT, mEME, BHE, i (2185)
R (TR IR HIR ) K PRI LT IR FR - veeemememmmmmmneneeeeeennns KZEZE EE X, HAE, EEE, MHE(2195)
KESHAIK] R RNE KA B T I REFE LA 51T BEIRAR v vveeeeens W, T AR, BB R, N F E, S (2203)
VBV K PIGAL KA P R TE R AS AL IR IIIIFGT ++evvevverrerrrmmmmmreeemmi e T, INE KB R (2210)
RIFHIRNTS I ABR BB EALIOI FIFFIE -ooeeeeeeeeeeenssessce, Ko, THE, E A R EE, LM R (2216)
LTI i AL S TR T B VS JRAK I BL M 2L weeeeeereersenns et Tk B, X FF(2222)
SR T SR A B T Tl 5 A T T I GT - v vemememmmeee et ettt e e e e e TR, RAE (2232)
RV B R [ BB 3 2P TRV YR LR BRI REREGIIT oo evvveeeevseessnneinn EWME,EE, R, 776 (2239)
T VEAR SN B S B 4 BRSFHT R IDR, oovvveeeoeeeseniecinceens I, BEWE, B, T8, KE, XK (2245)
Shewanella oneidensis MR-1 T4 BUIE IR GRS FEAL  «ovverrmrr B A8, IR, T AF(2252)
HR T AL R N A FE R T ST L TSI --vvvevveememmmmmmmneeeeaeeaeees s e e sttt te e e e e e oM #3F (2259)
KIEJ%#VE%}TEN:%{/EEE*Eﬂi%@%&ﬂ%ﬂ?ﬂﬁﬂ@?ﬁﬂrﬁ] ......................................................... LT , BﬁfEﬁZ( 2266 )
T DI M R T T4 TR U TR [A] ZE 5 7E A, +vvvvveeeeeenmnmeeeeeennii et e e s A, KA (2274)

H LT AN X 38, 3 72 i AT A — F RIS (PAES ) TEYUEHIE +veeeeereremes e
........................................................................... MR, RA R, RER, EWE  HE L (2283)

25 1B A3 22 P TR S T A 2 T 28 P75 A T 208 TR 22 (AR I T A AREAD] v v eeeeeeeeeeeeeen e e e
......................................................... HEE KR R R HEE TH,EE, HE L, % H(2292)
HE B AT A AT WU AL T EAI - ceveeeeeeeersenmmmmmiii et R, H1 E A (2300)
R X ) PSR R AT BTG e B TR oo Mtk R, LT, AR, R (2306)
2210577 OR-SH 52 A A B - AR AAIAL B HLIE]  weeeeememmreeeessmmmeeeee e BE HSE, BNE(2314)
GEY R BRI (e | DA i ety Rt A K 5 oo o AT LR R R R PR PR RRTPRRRLLE e, G E, AT BRI, 5 (2320)

(HEERMEITIE F(1965)  (FREERRA) IR RN (2115) =H(1925, 2076, 2084, 2146)



5 36 B4 6 ] 57 S-S~ N Vol. 36, No. 6
2015 4F 6 J ENVIRONMENTAL SCIENCE Jun. ;2015

AL RS E RN S WS R4FE

XUSEAR2 gkt IR, X, B, A&, R, EE

(1. IR PR 2 S EOR B I 5180605 2. KHFHE B i TREG AR WHOR B, Kidt 3004575 3. KEIME R
FAEERE KA 130021)

BE . NRFTEYIE i 4 Wb & 9 (perfluorinated compounds, PFCs) 975 Y451, 2013 4£ 9 H RE THRIIEF (B F >
2km) 10 3 R 2K 7 3 R)ZD0RY. R ISR AT B | 48, 455 o OBORH 6 3% - BT 3% 156 HH 19 75 i 005 1 Herb 16 b
PFCs &, S55R K2 H 10 F PRCs AR HAG Y, 45 C, . C, Fl Cy H IR EL (perfluorinated sulfonates,
PFSAs) #l C; ~ C,, IR (perfluorinated carboxylic acids, PFCAs). Z PFCs ik BEVEHIZE 1. 74 ~14.7 ng-L~" Z 8], Hirp
PFBS, PFOS Fil PFOA J& B/ PFCs. > PFCs T W B 40 A S 76 5 AR IR A S35 A AT REANTRYING > PFCs LRI B 5 75
FREIEFKMER (P <0.05) HRHME > PFCs B B Ak, 221K PFCs 7T AE 3 Bk 11 F 35 535 K B9 HE R L K i
FAMHOEA. RIZVOBWIHA 8 Fi PFCs R TR HIAS 235 C, 1 C, PFSAs Fl C,, Cq, Cy ~C,, PFCAs. > PFCs it
FEI7E 2. 22 ~2. 62 pg-kg ™ 2], Hirt PFOS J& 0 PFCs. > PFCs & AR (R AR /N, AT A 32300k 14 X B f PRCs 1 I
DU PRCs BRE J7 BERR 5% 1< BE RS T4 5 | ELAH R BiE K EE RSO0 T, PFSAs % PFCAs 555 TR, BeAbh, ARl 7
IR PFCs Ui MR FE HLAR 25 R U RIIAE F ¥ 3 3 2 17K PFBS ¥5 L3 ™ 5, TR PROS & it 5 H A AR 22 R K.

KR . ARG Y TR AW B REG RIRET
FESES, X834 CEARIAFY. A XEHS . 0250-3301(2015)06-2028-10 DOI; 10. 13227/j. hjkx. 2015.06. 016

Pollution Characteristics of Perfluorinated Compounds in Offshore Marine Area

of Shenzhen

LIU Bao-lin'*?, ZHANG Hong' *, XIE Liu-wei', LIU Guo-qing', WANG Yan-ping’, WANG Xin-xuan®, LI
Jing' , DONG Wei-hua’

(1. College of Physics Science and Technology, Shenzhen University, Shenzhen 518060, China; 2. College of Food Engineering and
Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China; 3. College of Chemistry, Changchun Normal
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Abstract: In order to explore the pollution characteristics of perfluorinated compounds ( PFCs), 10 surface seawaters and 7 surface
sediments were collected in offshore marine area of Shenzhen (offshore distance >2km) in September 2013. All the samples were
prepared by solid-phase extraction and analyzed using high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/
MS). The results showed that 10 PFCs, including C,, C, and C; perfluorinated sulfonates ( PFSAs) and C,-C,, perfluorinated

carboxylic acids (PFCAs) were detected in the surface waters. Z PFC concentrations ranged from 1. 74 ng-L™" to 14. 7 ng-L~" with
PFBS, PFOS and PFOA being the dominant compounds. The spatial distribution of Z PFC concentrations displayed the characteristic
of “the west being higher than the east”, with Z PFC concentrations of Lingding Sea and Shenzhen Bay being higher than those of

Daya Bay and Dapeng Bay (P <0.05). The farther the sampling location was from the shore, the lower the Z PFC concentrations
were. Direct sewage emissions and rivers emptying into the sea might be the primary sources of PFCs in the surface seawaters. 8 PFCs,

including C¢ and Gy PFSAs and Cy, C4, and Cg-C,;; PFCAs were detected in the surface sediments. E PFC concentrations ranged from

2.22 pg-kg™' t02.62 pg-kg™" with PFOS being the dominant compounds. There was a small change of Z PFC concentrations in

surface sediments, which might be contributed by the adsorption from overlying water. The adsorption of PFCs on sediment significantly
increased with the increasing length of carbon chain, and the adsorption of PFSA was higher than that of PFCA with the same length of
carbon chain as PFSA. Additionally, the comparison with other seawater PFC measurements showed high PFBS pollution in this study,
whereas the level of PFOS in sediment was close to those of other studies.
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P, 4 JRURE Mok i 2J% 4 R0 0] 3R B 2 IR LA IR OK
eI & C T 7B ANV NG W LI PU Y NG I %
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it — 20 A & Bl Ak 2 O R A K O R E 1Y
PFCAs il PFSAs"" """ Il PFCAs il PFSAs fE1E
FEBR RSN HA IR T 2 57 PRCs 75 Gt 3 £5 i
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YEH PFCs FiIA , 429507 SEA% 9t 95 ( perfluorooctyl
sulfonyl fluoride, POSF) 2= CL AT 40 Z4E 1 T 5.
H iz T i A~ s A A= 7 v 31 2002 4R
1k, f3H2496 000 + POSF FFA: 7= i 3
R PFCs BATRGRAY ALY RAE | A 2002 4F
& 3M AR E B AT IE POSF (47 (HIHARAR C Y
PFCs JAZEARWIA: 7= 3T 10 455K PFSF 194 7= 2
P b S 1 R B 2 ) . 2004 4F % 2006 4R,
POSF 7=t I 1 4 A5 2 b AR A5 1 7= dk i it
200 t'° HA 100 v HE R 38 LR 43 R b
X AL, BFSE R E PFCs (R85 75 e fn) B2+
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BRI AREE v A (X
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AE T M DX B ORI T, Wi A . O R
PFCs 75 IR B0 T AF o A7 4l AW 58 LRI
RO TE | RISV | TRIINE FIAEAT I R 5 it
B, 50 R4 10 1R Z MK T Iy R ZTURY, 41
M PFCs 1975 &, BRI Hos YRR | R 5 K 7 K - [
FAMRIAY ST, LA 3R [E PFCs 1975 G AR 50 Fn 4 i
M E RS

1 HREFE

L1 3R Sheke

ARSI BT T AR I i K Wellington 23
], fL4E 16 Bl PFCs MR A1 8 Bl PRCs PR, HAK WL
1. WEE(EIGHD) A EE ). T. Baker 24H], H
PR (96% , €0 i 4li ) i iR 44 (e ik 2l ) W B 55 [
Dikma 2y A , 27K (Pt 4l ) W A EE B Acros 24 F]
Qasis WAX [EAAE B (6 em’, 150 mg) W4 H 3E [
Waters 22, S5 5 7K i FLBH 6 18.2 MQ-em A9
afisK.
1.2 RS RAE ATk 3

2013 4E 9 H M e RN A 2 km LISMNIE
I3 AR 10 R JZHEIK (0 ~20 em) F1 7 R 2
DU (0 ~10 em). RFFEFAFERE 2 km DL |, B
RRAE S LI 1. B 3R 2 KM LUORB5 S 32E 17
KA CRFERZA N 2 L, RETG M KEERE A RN
. AR 2 DU AR & LUR S B9 3L R e 2%
AT REE BRI REERE AN 1 ke, REFHEA
RN H A, A I R AR TR R ke 48 11
FH FF B FTRR 217K T U, BB AT PR TR k. KR
i [ SE B % JS 7E 4°C T BEYCIR A7, DU RE i U
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Fig. 1 Distribution of sampling sites in the offshore

marine area of Shenzhen
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JKEERIGURRYI R PRCs 4R U 543 91 2 WL SC
Bk[22, 23], MiEZ, B LAKFEZ 0.45 um FLER
PEEVEAT I D8, B IS K RELL 2% W RR IS WUR T pH
£ 3, 00A 5 ng WhsY), b EARZ U, e DL 2%
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PRI 2% W W BV (1= 1) | P B VR Thk
Ut J5H 9% Z/K P B e 0, FH AR T I DA
FEERE 1 mL, FI. BU1 g IRAIVURYIRES T3
D IS ng ERFT 10 mL FEE, 3R 7% BE B, 8
APIF B, EE RPN G A I LIS T 50 mL
BOE T AR T I INA 8 mL 2% H R A
42 mL 4K, [ EARAS B A T AR B, 2R B R
JaEEE IR 5 KRR PRCs $2H0 AR TR
1.4 0T

PFCs 43 BT I 22 SR FH W& AH 233 o 3% 5 1Y
( HPLC-MS/MS ) M 7, W #H @ 3% K Agilent
technologies 1290, i35 4 QTRAP 5500 — & PUZLFT£f
Ef’ﬁl%/%éb(jj% [E AB /L\\ﬁj), (R S| Agilent
poroshell 120 EC-C;(100 x2. 1 mm, 2.7 pm). HPLC
ZSMBIE 7 DL SCHR[ 24 ] LIS RIS 25 Y T4k
TS A 288 5 mmol - L' i BR 4 /K ISV, TR 3 AH B
VEFE 5 mmol - L' i PR i W BE VA WL, N 0.2
mL-min " BEREAFR 10 pL. SR JCEBREEBEM 52,
VEWERRT M .0 ~ 3 min, JShAH A H1 90% F& % 30%
TEA B i 10% F+% 70% ; 3 ~ 13 min, i shAH A i
30% F % 0% , i s B  70% T+ 100% 5 13 ~ 14

min, FESNAA A H1 0% T+ 90% , i 8 B i 100% [
£ 10% ; 14 ~20 min, FANHH A SREFLE 90% , TSI
B R FFTE 10%. Buik 2544 R vl 8 55 2 1 I
(ESD) , a3, 2 sOn A0 (MRM) | 2
TR N 500°C , B T W% LR -4 500 V, KA
F 5124 276 kPa, S5 T 10 414 kPa, K5I T
276 kPa, W bn ik g fit, B e B T/ T E T
(m/z) MWL 1, A B i 20 SCk[25 ]
1.5 i iR B 1

SR ARAIE S 56 45 SR 1 HE R | A SR I FH S5 55 A%
I3 R4 SR P s A T, A P T P Y s R 4l 7K T
Sy G B i B G AR B AR S e AR (3
~ 4 ) BT R A S S B SRR Al K AL
RS PR J5 0 R Z DR Y. T A S g = | T
PFCs & & Y% F A 75 K I FR (instrument detection
limits, IDLs) B¢ R4 H (not detected, n. d. ). KM
B TAE M Ze- bRk e 1, 40 5 LA 3 A5 10 F5 45
W LV (signal-to-noise ratio, S/N) #fi & H bR A 1Y
IDLs 177 ¥ %€ & PR ( method quantification limits,
MQLs). 16 Ff' PFCs 7E /KA ALY H Y IDLs Al
MQLs AR 351 T35 2.

£R1 LBHHIRER MS/MS B8/ FBFxi

Table 1  Standard samples for analysis and precursor and product ions for the MS/MS detection

3¢, - 495+ A& Perfluoro-n-[ 1,2-3C, ] dodecanoic acid
180, - 29 Qe iR Perfluoro- 1-hexane[ '%0, ] sulfonate

13C, 1-PFDoDA
%0, ]-PFHxS

C,oF,, CF,*COOH

CeF138[%0,10~

614.913/569. 9
402.981/83.9

SHTH EERE T 2N B/ FRET (m/z)
2FKER Perfluoropentanoic acid PFPeA C,Fy,COOH 262.825/218.9
LFCEMHR Perfluorohexanoic acid PFHxA CsF,, COOH 312.934/268. 8
2FBEHR Perfluoroheptanoic acid PFHpA C¢F;COOH 362.950/318.9
S REMR Perfluorooctanoic acid PFOA C,F,sCOOH 412.987/368.9
2FHTHR Perfluorononanoic acid PFNA CgF,;COOH 462.908/418.9
25 ZE B2 Perfluorodecanoic acid PFDA CyF;o COOH 512.876/469.0
29+ —BR Perfluoroundecanoic acid PFUdDA C,oF,, COOH 562.865/519.0
29+ PR Perfluorododecanoic acid PFDoDA C,, F,; COOH 612.991/568.9
29+ =R Perfluorotridecanoic acid PFTrDA C, F,s COOH 663.094/618.9
291 PUREZ Perfluorotetradecanoic acid PFTeDA C,3F,,COOH 713.036/669. 0
298175 Perfluorohexadecanoic acid PFHxDA C,5F;, COOH 812. 840/769. 1
23+ /\R Perfluorooctadecanoic acid PFODA C,,F;5COOH 912. 870/869. 0
T BEREFRER Perfluorobutane sulfonate PFBS C,F4S0,0 " 298.877/79. 8
IO e R SR Perfluorohexane sulfonate PFHxS CsF13580,0° 398.894/79. 8
LRV BEREHRER Perfluorooctane sulfonate PFOS CgF ;80,0 " 498.971/89. 7
IS SRR LR Perfluorodecane sulfonate PFDS CyF4S0,0 " 598.896/79. 5
3¢, -4 CL B2 Perfluoro-n-(1,2-"C, ) hexanoic acid [C,]-PFHxA  C,Fy[2-"C]F,"COOH 314. 891/269. 9
3¢, -2 E R Perfluoro-n-[ 1,2,3,4-13C, Joctanoic acid [, ]-PFOA C,Fy[2,3,4-1%C, ]F¢*COOH 416.978/371.8
BC5- 2R Perfluoro-n-[ 1,2,3,4,5-13C5 ] nonanoic acid [ ¥C5]-PFNA C,F,[2,3,4,5°3C, 1F,3COOH 467.907/423.0
3¢, -2 5248 Perfluoro-n-[ 1,2-"C, ] decanoic acid [ C, ]-PFDA CsF,, "°CF,"*COOH 514.944/469. 8
3¢, -4 +— Perfluoro-n-[ 1,2-"*C, Jundecanoic acid [C,]-PFUIDA  CyF,,"*CF,"*COOH 564.959/519. 8

[

[

[

B3C, -2 TG BEREFR Perfluoro-1-[1,2,3,4-1C, Joctanesulfonate

B¢, ]-PFOS

CyFy[1,2,3,4-5C, 1FS0,0~

502.899/79. 5
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Table 2 Instrument detection limits (IDLs) , method quantification limits (MQLs) and recoveries in the investigated matrices
FIZMK (n=3) RIZVIBW) (n=3)
PFCs Recovery IDLs MQLs Recovery IDLs MQLs
(%) +SD /ng-L~! /ng-L"! (%) +SD /ng-kg ! /g-kg !
PFPeA 108 £5 0.0397 0.132 113 £2 0.013 4 0.044 8
PFHxA 92.1x2.4 0.026 6 0.088 7 103 £2 0. 009 20 0.0307
PFHpA 90.3 +6. 1 0.0182 0.060 5 96.2 +7.8 0. 009 47 0.0316
PFOA 102 £1 0.0363 0.121 93.2+2.3 0.0221 0.0737
PFNA 91.2 1.5 0.014 8 0.049 4 92.8+1.2 0.0115 0.0383
PFDA 92.3+1.5 0.0224 0.074 6 110 £12 0.0118 0.0393
PFUdA 93.1+2.2 0.0154 0.0513 93.5+6.1 0.0129 0.0429
PFDoA 96.5 1.4 0.0172 0.0572 134 £12 0.0132 0.044 0
PFTrDA 76.7 £12.3 0.014 6 0.048 8 113 £13 0.0192 0.063 9
PFTeDA 69.1+11.3 0.0297 0.0990 91.2+11.3 0.0233 0.0778
PFHxDA 72.4 £21.6 0.0219 0.0730 78.1+22.0 0. 286 0.952
PFODA 115 £ 11 0.047 6 0. 159 69.6 £11.2 0. 952 3.18
PFBS 103 £2 0.0120 0.040 1 103 £13 0.008 17 0.0272
PFHxS 98.1+2.1 0.0127 0.0422 108 +12 0. 00591 0.0197
PFOS 102 £2 0. 006 91 0.0230 109 1 0. 004 03 0.013 4
PFDS 104 +4 0. 009 39 0.0313 103 +4 0. 004 01 0.013 4
1.6 it SR R A 1 KU X I S X2 Tl S

¥R ] IBM SPSS 20. 0 ( 35 [# IBM A )
Origin 9. 0( EH Origin NG| ) WA AT BT 4T
Gt orHret , # PFCs & AIKT IDLs BARKS H A,
TEEHLL 0 FR; 4 PFCs & 5T IDLs Mk T
MQLs , HBUE LA 1/2 MQLs R

2 HR5ITR

2.1 FJZMKH PFCs B TRk

RIZMEAR PRI T 16 Fl PFCs, A 10 FlOR[E F2
JIEHLKG 4, 4351} PFPeA . PFHxA ., PFHpA | PFOA |
PFNA . PFDA ., PFUdA . PFBS. PFHxS #l PFOS.
i PFOA . PFNA . PFBS. PFHxS Fl PFOS 100% £
. Kz 10 B PRCs 1A B R VR E G4 SR =
B 525 [ 53R 43 s T 2 (a) FIEL 3 (a) . IRHIGE
FRIEIR F 2K D PRCs 3t 42 vk 3 Y5 L AE 1. 74
(010) ~14.7 (05) ng-L~'Z [ 4T ¥ RIS
> PFCs TR JE B %5 T R, KIS (P <
0.05), 5 74 i 75 Ik 09 43 A A& ¥, H R R
D> PFCs BB EEARAR[ B 3 (a) ], X 505 A
1) PFCs il AT D&, VU0 TR S8 1) AV VA 3 32 22l B
TLFAREN, M TFENEERET M, REMGEII,
X I T HE AR Ml B K R AE 1 T K AT A B
B () PRCs T | 33 B3] I A T B AT 7
TRIINE K2 K PFCs i W FE . TTE AR
VS P T S A I 4 M AR KT, B A i i A

SEMAE /N R TR, PRCs V5 L k. %
TRV RE LA B W B | e S RN A= 0 e AR AR, 3 A
VEVE Y PFCs o1 o Wk B2 Bl 225 5% R 5 1) 3 3% ¥
FEAR.

PFBS ., PFOS Fll PFOA f& 32K 3 F E 2L
PFCs, V- ¥ J5t f vk BE 43 90 2.57 . 1.32 F11.30
ng- L~ FE [ A FR 43I0 AV VE PFCs JoT vk B
WF5E T, PFOA 1 PFOS ¥4 £ %2 PFCs > 7 {H
UEAF AR B 43 PRl A A g PRCs i
JERFSE 20, PFBS X PFOS BN AR T _F JE50] 3t
MFZHF KD FZ(G PFSA , RS 5 2 A4, X
FEE N-F I 4 5T R L £ B B ( V-methyl
perfluorobutane sulfonamidoethanol, MeFBSE ) A H:Aif
B A TDUBRAL A W R BE P A S s i
FE 2002 4 3M 2\ A& A ¥ IK A2 77 POSF J& 51 A
952 PFOA(0.296 ~2.05 ng-L™") &2 /K 5
TR B 5 1 PFCA, HLYk 7 PFNA (0. 411 ~0. 697
ng-L™"), PFPeA ( < 0.0397 ~ 0.932 ng-L™") .
PFUdA(n. d. ~0.467 ng-L™") . PFHxA ( <0.026 6
~0.901 ng-L™") . PFUdA(n.d. ~0.467 ng-L™") fll
PFHpA( <0.0182 ~0.337 ng-L™") , 12 BRBELL E1H)
PFCAs AFiH.

M PFCs ik A&, 3R)Z MK H PFBS Fir i L4
Befe, 20.9% ~46.9% (HI{H R 32.5% ) , Hk K
PFOS (12.0% ~ 35.5% , ¥J{ N 21.9% ), PFOA
(14.7% ~21.7% ,¥J{E 5 19.0% ) . PFNA (4.36%
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Fig. 3 Composition and spatial distribution of PFCs in surface seawaters and surface sediments

~24.0% ,(H N 11.8% ). Hifth PFCs P 5 H
BB, P B R T i > PFCs HBI/NT 5%.
2.2 RIZVURY) PFCs )5 =

FKEUURY TR 16 Fh PFCs, £ 8 FhAS[A]
T2 ¥ &, A1 55 PFPeA, PFHxA, PFOA, PFNA .
PFDA . PFUJA , PFHxS HI PFOS. [% PFUdA b, HiAt
PFCs 100% £ iti. 8 Ak i) PFCs & G045 R &
HA SR W 2(b) #M 3 (b). H5RZEBEK
> PFCs B 5 4 B 20 i R ¥R [H], %2 TTRY

> PFCs & E I 1E 2.22 (06) ~2.62 (02)
pekg ™ Z A, HARLIE BB DN (B F RN
6.34% ). TR A SR fli b A —E IR (>
2km) , 3K A T TV R K PFCs B8 HE O 1 70T
TR 52 0 A5 /1N DRI AR Ok 8 A R SR DO AR h i
PFCs =2k H TXF _EAK PFCs A B LA K W% T
K PRCs BYFURIAI TR, Zhao 25 BIFSE T AT
o B R A UTE T PRCs ROWERR. 25 600 | 5
KAVERFE DURR W B B PRCs o 72 ke <2 IC AR
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FH EREL S| R4 i A A PRCs WY BT DT A 9 Y
FERZE, HUUB YW PFSAs Al 175 & T IR i 4
K JEW) PFCAs. AR 1 ERZTURY) TOC F
B AR /N0, 831% ~0.923% ), 1K 2(b)
A K E PRCs & AR AR AE# /N, K 9 PENA
PFDA Fll PFUdA 28 5 R %0530 0 3. 21% | 10. 7% il
4.57% . MR4ER PFCs T2 5| J1EHT, HAE
DU v & i A8 fb B K 85 K, PFPeA | PFHxA Al
PFOA 7% 5% 28053 1 K 15.9% . 33.9% F1 51.8% .
X T PFSAs, H T U0 FL 9 X H W B 8 iz & T
PFCAs, [Al1fii PFHxS 1 PFOS & A8 fb A K, 28 3
BEOY N 1.35% F111. 7% . sk, T 52 ki
T2/, TR X B K PRCs 114 W B A0 1
YEHIA AL T 3 251 4, BT 45 SR A AR B2 TR Y
PFCs A K.

PFOS J2RZ VTR Y i B2 PRCs, F3¥ &
R 0.780 pg-kg ' REZKTERE T PFBS 7EUT
TR A Y, 26 BB 48 4% 19 PRCs T 25 5 43 e 76
KR TG X T 8% DU AR W BFE. PFNA (0. 312 ~ 0. 337
pe ke ™) & AR A Y PFCA , H:YkH PFDA (0. 214
~ 0.275 pg-kg™' ). PFUdA (n. d. ~ 0.276
pg-kg™") . PFHxA (0. 158 ~0.350 wg-kg™') . PFOA
(0.136 ~0.451 pg-kg™") I PFPeA (0. 138 ~ 0. 212
pg-kg ™) BT &R A 2240/, PFPeA Fil 12
WeEELL 1Y PFCAs ARG .

M PFCs A% E7& , RIZDURYI PFOS BT 5 L
15, M 28. 0% ~38.5% (YI{E K 32.3% ) , Hik
9 PFNA(12. 4% ~14.8% {5 13.5% ) . PFHxS
(9.26% ~11.0% ,¥4{H 4 10.2% ) . PFDA (8. 14%
~12.0% , %41l 4 10. 1% ) . PFUdA (0 ~11. 6% , ]
54 9.27% ) . PFHxA (6.12% ~ 13.2% , Y1l N
9.24% ) . PFOA(5.76% ~17.4% , Y41t Jy 8. 69% )
1 PFPeA (5.91% ~ 8.08% , Y1ty 6.74% ). &
PFOS 4k, HAh PFCs SR 22 3K
2.3 PFCs FEUURU R 43 T 2R 40

DA JR]— R RE S TR FIK AH PRCs Y & &k 1T
B PFCs ML REL. 40 R E(K,) Fds AL 73 ic
FB(K, ) MR 2RI,

K, =c/c, (1)

K, = K, x 100/f,, (2)

A e MU PRCs BIWRTE (pg-kg™') e, M

A PFCs FOHESE (g L") £ MUY R A HLER I
JEE (% ) K, ALK, AN Lekg ™'

L2V B PRCs 19 1gK, F 1gK, {HR T

3. KI5 PFCs HIRRY 1K, Fl 1K, 51 Fl
KB AT S5 FARUE 3 o T o SCik A
() 1gK, fE A 1gK fHH 7 REWFSE T A PFCs
() 1gK, 1 1Y 2% AT RES PFCs 18 AL 4 45 A
XK. T PFCs J& TR B TR mNEHEA, Bk AEH A
Fr e 5 g [) BF ek HG A 7K BR B v 54 W B A R A7 A B
M) PRCs Ak B 0 3 et 35 i 5% o JEL A T AR
Wy LI RS ST R IR T OB A S5 T K R
BE AT PRCs A 43 B A7 A6 B 52 0 00 ok i
pH ., Ca* | R FUTRY) (A AILBR Y 2 B 25 S 500AR
23 W E MU PRCs 7EUTR b AR RFFES: 3%-%0,

RIFFEEAE T, PFCAs HRTE TR - B W B
W ZREERK R 1gK, I 4.35 L-kg ™
(PFOA) 34 /n%1 4.95 L-kg ' (PFDA). BRitzAb, fif
R SRR B RE A s it 2 B e 22, A
AH IR B K BE A PFSA 1Y 1gK H4J{E % PFCA 7 0.5
~0. 8,160 PFSA % PFCA B fil o] T F EAEUT
H X5 2 RS s SR — B Y

%3 PFCs ZEMRMARIEENS B R

Table 3  Partition coefficients of PFCs between

sediment and dissolved phase

PFCs 1gK,/L-kg ! 1gK,./L-kg !

PFPeA 2.37+0.18 (n=4) 4.41 +0.18 (n=4)
PFHxA 2.72+0.30 (n=4) 4.77+0.30 (n=4)
PFOA 2.30+0.51 (n=7) 4.35+0.52 (n=7)
PFNA 2.80%0.11 (n=7) 4.86+0.12 (n=7)
PFDA 2.9120.09 (n=4) 4.95+0.09 (n=4)
PFUdA 2.77+0.02 (n=4) 4.82+0.02 (n=4)
PFHxS 3.51£0.56 (n=7) 5.56 £0.57 (n=7)
PFOS 2.85+0.29 (n=7) 4.91+0.31 (n=7)

2.4 PFCs FYRIE

ANFEE IO T PFCs 1975 YR AiF 3 A8 — 2, an
ARV - RV RS RO R R R
7K PFOA . PFHpA Fl PFBS i % PFC S44 | 11 Hly
g s RSP PG BE S Cantabrian
14 [ 22 2 K W LA PFOS . PFOA K 32 % PFCs.
AHE5Y % 2 5 K 32 PFCs Jy PFBS. PFOA I
PFOS. AN[RIMEIR PFCs 15 YL ) #4 L 1Y 25 S mT g
PFCs [ XS8R R A O, BLAk, PR . T0RE 4 i W% B
B KA A5 PR 2R A 5% ) 3 1 7 K AR PFCs 1 4
. AR R IEHE K PFBS RS2 B i 2
PFOS 1 PFOA HIWI{i5,iX 5 MePBSE M HAthAH G 1y
SRS YRR E XL AT A2 E
FAKMEH PFOS | PFOA %3k B Fi5 /K03 HEK
K ) R RN f W 30 3% )2 7K. PFOA il
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PFOS TJ A =%k { Fi5 /KB HERL K. A
[ SRFE 5 32 2 /K th PRCs 1 32 B B A vk B AH 56 56
Z WL 4. PFBS, PFOA . PFOS F1 PFNA 5 i & 1F
I (P <0.01), Pi BT g6 fb & 9 2 A TR JR .
Young %5 75 AL A PEI B 19 5 BEHh & BE PRNA I
PFOA Z3EH I IEA G, AR R 1, jAEA
) PFCs Ok B TR 1 2 500 R BER AL & i)
R#ff. Ahrens 2510 VU FERFSE K PE T PFCs SRURIT &
L PFNA Fl PFOA th 5 IEHI G (BHRZ A 0.4) , it
1M % B PENA I PFOA AYAH G OG5 1 A b b it
T 1, Hok ARSI AT REPEER K. ABFSE PFNA
1 PFOA MR R BYRPR N 0. 112, REFRIINE 73K
JFUFK T PFCs A7 7E B KA DR S 01 8 2 35 e
JH. Simeik 212 45 1 5 PFHpA/PFOA FUAE TTAE N
PFCs >k H T K< UK UE 4, (B A& 6F 58 X

F4 TRRHEAREBIEFKP PFCs HEEREFBEXXRY (n=10)
Table 4  Correlations among individual PFCs in surface

seawaters at different sampling sites (n =10)

WH PFOA PFNA PFBS PFOS
PFOA  HHICHREL 1 0.915** 0.988** 0.830""
Sig. (W) 0 0 0. 003
PFNA  HIEHRE 1 0.855** 0.964**
Sig. (RU) 0. 002 0
PFBS  HISEREL 1 0.770* *
Sig. (XUl 0. 009
PFOS  HHSERAL 1
Sig. (RUf])

1) #3E REH : Spearman FJEREL; + = FoRTEEEEE (CAUI) 24 0. 01
A, AH G B 3 Y

01 F1 05 P> & i PFHpA 1Y & & & T MOQL, H
PFHpA/PFOA 43511 7 0. 164 (01) F1 0.0971 (05) ,
X RGN R 3R 27K PFCs E2ok A Fi5
IKHERL , AU A /L

P TR A 0 I U 2 kem A1, FLURAE
DIFIEAE THs 1, R A HA D SR Xt AN A7
FE R AR BRI R [ T i U 1 g2 e g 45 e v
o PFCs & W] LAZ B W 3R IZ DU PRCs &
Bk H TR K PFCs W R
2.5 FRZKMFZDIRY T PFCs & 50 AL

O 1Y 2 BN [R) 30 e 3R )21 K b PFBS |
PFOS ., PFOA Jitit ik FE B4 T3R5, RIZ VIR
PFOS | PFOA & 8di5) T 6. K5 ol W, A A
IR R 2K PRCs 45 TS Y AR, H AW
5 XU 5UIE Y PFOS | PFOA Joi i ik 2 0 vy, 1
VS LL PFBS Ml PFOA A, WP R KGETE DL PFOA
F, MR SR L PFBS . X R BT A [
B, PFCs M5 YL E R IR AR, f 3% 6 nT %, 1H
SIS RIZR 5LV R Z VTR PROS 15 Y5 Ho Al X 35§
FEEE | fEE TS Areake 1 PFOA &2 5 T HAbJH A
B, HAh I R 2 DU PFOA Sl A AR, Bk
b ARFRE TR T PFOS Al PFOA 1% #2748
RN INZR)Z AR AR A B 5E 25 St PR EDE T
X BB YR (I LT 3 s R 2 T
Py PFCs 22k H T _E B K T PFCs 19T
B, W52 B ) R N S R TR A MR . PFCs
VRBRAE BE R pH | $hEES S

®5 AEEEHEREKPFCs RERE

Table 5 PFCs concentrations in surface seawater of different marine areas

PFCs Rt /ng-L~!

R PFBS PFOS PFOA s
H A 1 X <27 ~ <60 <2.5~59 n.a [53]
8 [ 3.38~17.7 0.69 ~3.95 2.67 ~7.83 [18]
o [ 9V IX 3 <0.005 ~5.0 0.040 ~2.5 0.24 ~11 [19]
H AR 50 n. a. 0.34 ~58 1.8 ~192 [43]
T U Ui X 3 <0.005 ~0. 62 0.09 ~3.1 0.73~5.5 [19]
r n. a. 0.008 ~0. 11 0.16 ~0.42 [43]
opE R n. a. <0.10~2.3 0.17 ~38 [20]
o 7R V- 0.023 ~0.94 <0.021 ~0. 070 0.038 ~1.5 [14]
ENTE 0.422 ~6.87 0.427 ~2.60 0.296 ~2.41

1)n. a. s TCA] AR
3 #Hig

(1) BRI T b A 1 PRCs L&), 3RJZ
WK D PFCs BRIVRIETE 174 ~14.7 ng-L ™' 2 Jil,

PFBS. PFOS, PFOA Ay E£ % PFCs. £Z VLY
> PFCs fHEFE 2.22 ~2.62 pg-kg ™' Z[A],PFOS N
F % PFCs.

(2) 2K D PFCs ik W AR b K,
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Table 6 PFCs concentrations in surface sediment
of different marine areas

s PFCs 7t/ pg-kg ™' .
RAFR PFOS PFOA X
FHEIHE T 0.2~3.8 <0.10 ~0. 63 [54]
HAS Areake {1 0.09 ~0. 14 0.84 ~1.1 [55]
H AR TS 0.01 ~0. 096 <LOQ ~0.007  [56]
2 0.04 ~2.4 0.08~1.6 [57]
[iipEAiNE 0.03 ~0.67 0.06 ~0. 68 [57]
A5 0.697 ~0. 929 0.136 ~0. 451

I, AT R E &S T RIS, R (P <
0.05) ; KZUIEW) > PFCs SR LEUI.

(3) VLAY B PRCs Y BE 1 Bl R B8 1 2 18
T3, FLAH FIREE K BE A BL T, PRSAs £ PFCAs
W5 TRl

(4) FJZMHE KT PFCs FFR A T 5 /K HE AN
TRARR A, FRZVORY P PRCs FZR AT
X K PFCs 1R

(5) RYIGE 5 g 3k 42 2 1 7K. PFBS 15 Y 5 ™
7, MUY PROS 7 &5 HA R A 25 A K.
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