ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

rRE BB A S IR ST L £
: M @ HE




w % B 3 536 % 412 4]

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2015 4E12 A 15 H

H  R(EX)

2014 4 APEC R dbEtikIX PM, , Hok ik B AR E 04T - g, R, KA, B EE AME, B, B EY (4325)
2013 AL FTHIARIFI AL PM, (F5SRBEDTE +oveerenemrerssssnnenns R BAR KAE, NBE EHK, I HE(4331)
APEC L5028 R R LU AT oo FUE @RS, R B, F R, 8 R, A 1k (4340)
FEPATARZE PM 25 YR R R AR 20 A (9 A, -+ WAVR, Ea %, B, FA,KREFR, FER, T3 (4348)
KEAERRHON B A AR AR ORI oo B, A WX, T F A (4358)
BTN ATV R HE AL S BB wvvvvrerrrrerrereren e KR KR, EEE,ZEY HE BR(4366)
VT A TR SR M IS IS T 4 T TS UL (R R R R o vveeeenremmsernemnn it XK, R R (4374)
TG LT T AR BORBRT oo eovevoeemeeeneeenns FER HTE, BHA,F 5k, 0, 43 (4381)
R AU A ORI A DU F LI A BETHIGE -ooooeeeeoeeemeeem s S, R FE B L (4389)
TR CO, TEIRAML/Y 43T 05 AR MR «oeeemmeeeemmirennieies XIRBE, FE, KE, B&, A, KIkE(439)
ZHE e IX A R AR AL S SR MOE JZ XS FE R M RIILA -oeeeeeeeeeeeeeeeens A, E K&, T 55 (4403)
HA I R AU R P RS B T ARRARAE oo wRfE, ik, B, TEF(4414)
BT Landsat 8 FARAG B I TK G E A B AT E TR B e KN, KB, EF i, B AR, x| 957 (4420)
FA KR BURAT L) S DU Pk . OB (R 2R A 25 [ R AR ARAE oo YL, RO, B, MEH, KR, F AR (4430)
IINTF K B B 2 Y R ) T BT ST B 3 FE AR BRI R «vv e eevmememnn e et
.................................................................. EE BN B, ES H G, 0, DEE, FRE, K2 (4436)
IR B R PRS2 A K RO B IO - R B4R, B AR R LT, AT, TR A, BN IR (4444)
S AR 7 AR SR AL RAIE B IR S o TR, ERD, B, ELM, BRI, BB, X H (4455)
K AT PR 4 TG 2 X R T B R AR AE L SIEYBL AT «vvvvveevmmermmm e
............................................................... %B#@iz&,%ﬁ?ﬁf,3&5‘&,%%%,%%3&,%%%,Fx’ﬁ?%ﬁ&,ﬁf}%(4464)
ERIETT (BUMNED) 2K 2 H LS W IIFR B AT BATATEFAE  cvvvrerrrrereeeeeeee e
..................................................................... KB é&,ﬁgﬁ;}z’f%g;]t,éﬁ;g,%@4@,3&%,%%]&5(4471 )
AL HFTURR Y b 22 R IRIR I A9 75 G AE BRI < veeeeeeememeeemeenneenenen HA &, ERR, B, 0T B AR (4479)
YT AR K 22 DURR Y B 3 S 5 YRR AE S5 VR TE A S RS A . LUK BT ] oo Ty, AR A AR, RS, Ak (4486)
FPRRTRNT =K 2 T 7 IX S RIS R BRI oo cevemeeemmeremeeeeeeeeeee BRWERW, R, W, T X (4494)
A UK B DU TP A DUBE AR BRI RD N v evveeeeeeneeneeeeeee AR, BB, T, 2EA, HEE i (4501)
LB AEEIE R T RO I AT R <ooeeeeemeeeeeeeeeeene Wik, FAM, KR, BFH, £Z (4509)
HE S VAT . BTG Y HIRETRAIUR, oo eererererrm e MR Y AR, X4, 2 4K (4516)
FFX R G T B STHEBI IR cvvererereeeer BRI, IRXE ,ERAF, BT, % AN, ¥FIEX(4523)
B 2E TS R AR EORE L (KO AR S RITEIRIRIIETR - voveveeeevessene EHM, IRH, T T KU E, K A (4531)
AR IEHL BN CAMBR 52 T LSRR RAL TR BRI -ooooeoverveeesenensne AR RBEE I LR (4539)
ANAMMOX M A B AL BRI IR R S oo oo R, HF, e KT, 24, LA, 1 5% (4546)
HF GIS I FHEM AR TIEBEIARE I - eovveeeoeeeeo BRI G RR, KA, DR, TR, KE, TR, B R(4553)
L5 FL AR TE 5 Y BT I BRI ovveeoeeeeseenens WA, T, Hil, £ F, H R, X P (4561)
TN T NS IR TR N TR ER KT o ovverenmem e FE RO KRR M, EH R EAR ENE (4567)
FITE = TCIR A TS LB S YEEERUIR] <o vvvveerrn oo XN E, XHE, XA (4574)
A2 R H e FAE T Y 1 338 b PAHs AL A IS B ARARAE o vvevverernemmn e
.................................................................. KA, A A, T ARER, A RN R B B FRK EH(4582)
RIRIHURE RUBE AL A A TAR VIR A TR T v PR, R, B, B 4](4591)
TN I T A B TR <o e TR EE Bk, EEE, RiE(4600)
TR AT BURIBITE -ooeeeeeeeeeeeeen HETE, BN IR IR 4 F AIRE T, T B (4609)
GORFUILEE | BEREEEA AM ELBDR TRAACHIREI  cooeenseensenensscnnce FW, AT, ERE, BHF(4615)
BT TG SRR BT AR ooeeereeeemessn KEF, Dfe, B E, HH 2, L, 2T (4623)
AN 13 Cd IE I TAZE Cd WRUSTIRIESII] e evereemmemn e
--------------------------------- FEAEAR IR T A A S0 BR A BR K B, R0 BRF AR, KRG BB VB 2, T B4R, A2 1K (4630)
HZEE KRR Cd TR 3E CA TETSIRIELIE  coeererereene e
...................................................... MRS, TR T, RINAR, BRF AR, M X0, B4R, T HE f BE A 2 (4642)
it 258 AT PS4 3R A8 i R SRS AR P MUH-BS YRRV | BRI AR LT E AL oo L &S, IME, T &F(4651)
PR LR~ oy Sy R E = RN el [ M DN 2 e R IR FREAE A, AN, 1B (4659 )
28 1 RAAMRAIRRG AR L B E ) PLEA R B IR oeeeeeeenes WA, BITE, R, T, R (4667)
SEIET ISR - RPN SE P TREBIE RS BB -+ veeeemsoemsemscem s i, T 2 & PR HE, % (4676)
FAHDA B R R S B HE AL AMHT S BRI e EEH, %R, 2R, TR, E4F, BAK(4682)
<<ﬂ;:[—%$;|,:$—>>% 36 %(2015 iF)E‘xHH:KL ...................................................................................................... (4690)

(HRBEREVAEITI SR (4347)  CRBERI)ERGFIN (4454)  {5)6.(4463,4530 4573 4581)



5536 55 12 1 EZ - AR = S
2015 4F 12 A ENVIRONMENTAL SCIENCE

Vol. 36,No. 12
Dec. ,2015

BT (MNER) REKFEFL SR HBEKF R
57 T FHE

SREAT VTR ATHESR  ARESY AR A SRR W LEH

(1. BUMITIRREE Wbl , LM 310007; 2. @EEETITEREE WA, HUM 311600)

TE . T EIHETL (UM B RIZK P LA G (PFCs) 175 YR, N FEAHZE L | 5 45 568 2 ROROR (0 35 - 5 IC
T FHARSES & 0007k X 14 A WD IR 4R T 2014 4F- 7 AR 2015 4F 1 A MR Z/KEES 16 Fh PRCs #E47 T 2047, BF 5T H ok
BRI AR A, Wa g SR R BRIV (BT By ) RE KA 8 Bl PRCs ARIFREE MK 85 C, Al C, FLeILmm Ll & C,
~Cy RIRHLIRIR Y9 S h S BE PFCs. > PFCs IR Y B 0.98 ~ 609 ng- L™, Horr A 5l R ( PFOA ) 5 1k ¥k 35 5
0.59 ~538 ng-L~" Sy FEIG YA F, G BEiE R (PFOS) K VR BEHAIC, 4 0 ~ 2. 48 ng- L' 5 YL as ) 53 A g A5 25 5%, 1L
T 22 VLG 22V 0 FK 2 WA v B R, VAR R L TR R . FREA S s R BRIy Tk i5 R
IKHETBUR K A4 PFCs 5% B8 (19 FZERIE. ERYEIL (BTN BD) KA PFCs 15 9 5 BRI VLA B b e 7 A JR 8 A ¢, E 25
AR H LW 22T W& AN IR PRCs (1975 B K K K A4S e A — a2 fE . WFoT 4 SRR BRIV K IR P AE 225 T Y2 1Y) PFCs 4HF
Sl PROA V5 4% F5 A CHR 115 i 8 A EE AR

KR ARG FRZ2K; BRIV, 5YRE; S RORAH 35 - BB i

FESEES. X131.2; X522 XEIRIZE. A XEHS. 0250-3301(2015)12-4471-08 DOI: 10.13227/j. hjkx. 2015. 12.019

Residue Concentration and Distribution Characteristics of Perfluorinated

Compounds in Surface Water from Qiantang River in Hangzhou Section

ZHANG Ming', TANG Fang-liang'* , YU Ya-yun', XU Jian-fen', LI Hua®, WU Min-hua’, ZHANG Wei', PAN
Jian-yang'

(1. Hangzhou Environmental Monitoring Central Station, Hangzhou 310007, China; 2. Jiande Environmental Monitoring Station,
Hangzhou 311600, China)

Abstract: This study studied the pollution characteristics of perfluorinated compounds (PFCs) in Qiantang River in Hangzhou section
(QR). Surface water samples, collected in July 2014 and January 2015 from 14 sites in QR were analyzed for 16 PFCs. All samples
were prepared by solid-phase extraction with Oasis WAX cartridges and analyzed using the ultra performance liquid chromatography
interfaced to tandem mass spectrometry ( UPLC-MS/MS). The results showed that 8 medium-and short-chain PFCs including C, and C
perfluorinated sulfonates (PFSAs) and C,-Cy perfluorinated carboxylic acids ( PFCAs) were detected in the surface waters. The total
concentrations of PFCs ranged from 0. 98 to 609 ng-L ™", while perfluorooctanoic acid (PFOA) dominated, with range of 0. 59-538
ng-L™", and perfluorooctane sulfonate (PFOS) was detected at lower levels, ranging from O to 2. 48 ng-L~". The spatial distribution
of PFCs varied, and the pollutant concentrations at the sampling sites located in upstream of the river such as Lanjiangkou and
Jiangjunyan were relatively high, Z PFCs concentration showed a decreasing trend from the upstream to the downstream. According to
the ratio of feature components, PFCs in surface water of QR originated largely from the input of direct sewage emissions. Taken
together, the PFCs pollution was highly correlated with the upstream of Qiantang River valley’s industry distribution, and most of the
mass load in the investigated river was attributed to upstream running water with a minor influence from the wastewater discharges along
the river basin. Overall, the results presented here indicated that greater attention should be given to the contamination of PFCs,
especially for PFOA in water body of QR.
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KV 5 BBURRIE - R IBTT IR Wi A I K K
FAFZERAKR X5 0T 5 2 5% Fkk 2 & e HA ]
HAEZ R FEm, PRI HK RS BT i — EH 2 302 %
. AT, ERIE LK SR A LTS Gy P ) W 3
W& BODs, COD D K 4% % o 45 1) o s Wk 32, ST 4F
k,HUKIRRE 26 | 205 BREA A FAILY T
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1 #MBEFZE

1.1 bR SR
16 Ff PFCs IR G AR ER IR R Y1) ( 3£ E Waters 24

H], 500 mg-L™", 186004624 ), fU & . 4 4 T MR

( perfluorobutyric acid, PFBA ). 4 % /& &
( perfluoropentanoic acid, PFPA ), 4 % C
( perfluorohexanoic acid, PFHxA ). 4 % B¢ MR
( perfluoroheptanoic acid, PFHpA ). 4 i ¥ MR
( perfluorooctanoic acid, PFOA ). 4 i F M
( perfluorononanoic acid, PFNA ). 4 5 %% R

( perfluorodecanoic acid, PFDA ) . 4 5 | — bt iR
(perfluoroundecanoic acid, PFUnDA) | 2% 5k
('perfluorododecanoic acid, PFDoDA) | 4% T — bR
('perfluorotridecanoic acid, PFTrDA) | 4= 9 1 DU % iR
( perfluorotetradecanoic acid, PFTeDA) | 43 T J&fif
I ( perfluorobutanesulphonic acid, PFBS) | 43 C. %
fifi iR £ ( perfluorohexanesulfonic acid, PFHxS) | 4%
PEFEA# R ( perfluoroheptanesulfonic acid, PFHpS) | 4=
T BEfiE IR ( perfluorooctanesulfonic acid , PFOS) | 4=
FIEFLAHER ( perfluorodecanesulfonic acid, PFDS). H
P (a4l fE Merck A F]) , LFREE (99% ) ( {4k
4l L [F Tedia 22w]) , S280 HIZK A Milli-Q ZhvK.
1.2 FEahcRESALEE

O3 FERYEVTF K (2014 4F 7 H) Ak KA
(2015 4 1 ) #E47 Bl R AE 6 BOER I VI (AT
B T M3 S FEZ Ak 14 A RAFES (B L),
BRI TEHER IR 1. B RERZ
KOKELIT 0.5 m)2 LR ER AN 1
L. iy 1] S 28 Y L R OK AR Al S 2 22 0. 7 wm JEHE
LFUEUE IR BRIBURLY . B 500 mL £ 55T Waters
WAX [EARZE B (743 %1 H 5 mL HEE, 5 mL
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Fig. 1 Map of sampling sites of Qiantang River in Hangzhou section
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1% ZK P EER W, 5 mL 58 Tk AL B | SR )5 GHP T fLyE MR , 7% UPLC-ESI-MS/MS Z3#fF. £k FE
FH5 mL20% WML ek 4 mL HEE 4 RAESHALTE I 0.7 wm 3% 5 2 4k 08 155 38 )5 &
ml, 1% 2K H BER VeI, Ve AWk 4n 21, TRV & R PR AT, R 00 i Ao o i 2 = L T
P 1 mL50% W BE KBS R)E ,35 0.2 pm 28 SPE AbE.

F1 BT (MNER) REAGE

Table I ~ Sampling sites of Qiantang River in Hangzhou section
Erass =t 4 G PR I=X DA
1 b oy N 29°32/36" E 119°32'20" WL PRI 5 17 PRSI, > VL4 e SRk K T W 4 it T
2 YT N 29°31'47" E 119°30'59" WHT AW ; 22T LA & B TLET) /K5 W Wi
3 JEERR N 29°21'58" E 119°31'02" WL AR T 5 22 VIRUE 2 VLRSI /K 5T W i
4 A N 29°45'37" E 119°38'55" WU TR T & R VI )R 5 P K S5 M4 T 1
5 B N 29°40'28" E 119°43'29" UM T 4 T 5 R I BRI PH X BRag 2 W
6 B B N 30°02'13" E 119°56'26" WHT AW ;5 75T BH5E PN 7K I W4 W
7 Wl N 30°0402" E 119°05'22" BN TR W 5 BH DRV T 5 30 X X 52 42 8 1
8 JLgK) N 30°10'36" E 120°07'09" BN TR W 5 AT T 3230 X AR FH 7K K T A
9 I 11 N 30°11'55" E 120°08'33" FE4R W 5 BRI VAN 7T 38 3 X B K 5 W4 Wt i
10 L N 30°1720" £ 120°16'12" FE AT I 5 R VAT T 388 X B Joi i A2
11 kA N 30°17'02" E 120°18'39" FEI 5 TR IR 5 e O A 30 70 T I 32 W
12 TR N 29°30'27" E 119°18'32" WL PRI 5 B0 2L TS 30 7K K 5 M4 W
13 A L N 29°48'58" E 119°40'0" WA W ; KT U A& R TLRT) 7K 5 W 8 e
14 ] ERanti iy N 30°04'21" E 120°11'17" FEl s DB e 5 3R BV I AR YB YL RT ) K 5 W42 5
1.3 @iadr 12% f54 & E EPA HYZER (EICRYE T 100% +

ZRESCHR [ 28 1 T R AV B0 A €5 4%- 40% ). 16 Ff PFCs #£ 1.0 ~ 100 pg- L~ JERIM 1
R E = FE PUMR AT B3 A ( Waters UPLC-Xevo TQMS ) FIE RSB (r) £E0. 998 7 ~ 0. 999 9 27 [a] , 6 i R 75 [l
MERE S A% 4 . Waters ACQUITY UPLC™ BEH 50.06 ~0.48 ng-L~" i 2 /0BT EsR.
Cpo Oi%HE (50 mm x2.1 mm, 1.7 um); WshHHHN 1.5 SiFor
2 mmol - L. ™' ZRE/KIEWL, i 8h 4 B 24 2 mmol - L™ AR BT A R A BRI 0,
ZREE I, BSREVER .0 ~0.5 min,25% B; 0.5~ BRI SPSS 13. 0 i (SPSS Inc. ,2005)
4.5 min,25% ~55%B; 4.5 ~5.0 min,55% ~95%  JH Spearman AR E o A FE iy b 45 B IR AL 5 )
B:5.0 ~6.0 min,95% B; 6.0 ~6.5 min,95% ~  WCEIRIEAIAICHE.
25% B. Wi#.0.4 mL-min_I; MR . 40°C ; M= 2 #£R5it
. 10C; PEAERFL. 5.0 pl. HE WS 55 o B U5
(ES); S8 TH%; ZRBEIN(MRM) fist, £ 2.1 BIETKIRT PRCs Todokop
PR HLFE 3.0 KV B FURIRE, 150 v %2014 47 A K 2015 41 AR H &I (HL
B .500°C ; AR R (AS) 800 L-h™! s HETL HEE) 14 A W W T 7Y 22 2 KRR v 16 Bl PRCs 5T
SR (AU 230 Leh s REREACHT R (4) 0. 15 VREEHEATSRAT, B KR R 8 i PRCs, 42
S 5 C, Fl CyiX 2 A4 Gl Jot FE A R ( perfluorosulphonic
L4 G S5 acids , PFSAs) DA ) C, ~ C, 55 6 Fl 4 5 be L R iR
Sy G B | AT TS SR ST A ek Rl B ( perfluorocarboxylic acids, PFCAs ), H & W 3% 2.
PUSR 2 A b B 6 A B RIAR L AR it 2014 48 7 RS R > PRCs I B FE A [ 0. 98
T S 4 peek THRLME . Sy 45 i A b i AL BT ~122 ng-L7',2015 41 H 4 1.46 ~609 ng-L~". 8
AT RET R AME TS g FE SR I S RIS 58 B AP PRCs AYHS HI % (% ) & PFOA (100) > PFBA =
B, S HIEFN 18.2 MQ-em BB 4K, LA H PFPA (96) >PFOS(93) >PFHpA(89) > PFHxA(82)
PFOA ( FTBVEE 0.09 ng-L™") , T 52645 F 34 K >PFBS(54) >PFNA(50) AR, 2K Ak K e
k2SI FIEUE. 16 Bl PRCs AR FICRTE PFCs 20 MAEHE(C<6) . HiE(7<C<10) KA (C
il R 67. 6% ~109% , A% Fm i 25 15 F R 2. 9% ~ =11)3 28, AHE5E rh i 2] 19 JLFR PRCs 423
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HEEMALEY, F2T5 4 PFOA | PFHxA | PFBA
S PFHpA , i+ 4% 1Y 1 & #) 41 PFUnDA | PFDoDA |
PFTrDA | PFTeDA SEBIRFEFE S rhAs il 2], ERIHVT
(BUMIBE) 2K PFCs B H 7 S 4l L g 2, 4
K14 PFCs -3 A 4% 8 R 2 /MK PFOA
(83.8% ) > PFHxA (4.80% ) > PFPA (3.06% ) >
PFHpA (2. 74% ) >PFBA(2.21% ) > PFBS(1.46% )
>PFOS(1.24% ) > PFNA (0. 71% ) , i Ak 7K 2 0] 2
PFOA ( 88.6%) > PFHxA ( 6.81%) > PFBA
(1.66% ) > PFHpA (1.58% ) > PFPA (0.67% ) >
PFOS(0.37% ) > PFNA(0.15% ) > PFBS(0.13% ).

PRAT BIF S 4138 2 A A [+ 4 X 1) b 6 7K f PRCs B fA
F4 J e I A T 25 S, I So 25TV BFSE T BRI R K
YLK 10 Fh 4G5 Ak A P STRk S & BR VLI I
KA PFOA X8 23L& P ST AN (4. 4%
~26.7% ) , MR ILR KA PFOA B 53k 2R )]
TE 48. 1% ~98% , Ff- Ut W T Bk F 22 e 1) J R 2 T
v A P R A A TR). AT 2 AT, ARFSE X
K FEH PFOA (5 > PFCs 9 33.0% ~93.2% , izt

BT HABAS HY PFCs, 7" PFOA e IETT 2K
PFCs FAFAE TS YL R 1 Wi 1 sl iy Tk A 7= vp
i FIRY PFCs FE RS> N PFOA.

F2 RIET(HME) KRBT PFCs # H RMEZBKED /ng-1.7!
Table 2 Detection rate and residue levels of PFCs in the surface water from Qiantang River in Hangzhou section/ng-1. !
AL RRERHT ERPPHCA) TRARPEA) S PFCs
PFBA  PFPA  PFHxA PFHpA PFOA  PFNA > PFCs  PFBS PFOS > PFCs
o FAKE 0 0.92 0.90 4.63 2.65 106 0.26 115 ND! 0.48 0.48 115
ik 12.9 5.31 38.4 10.6 538 0.58 606 0.53 2.48 3.01 609
s Fk# 0.88 0. 88 4.14 2.65 112 0.39 121 ND 0.63 0.63 122
ik 10.2 4.44  31.9 8.96 452 ND 507 ND 1.48 1.48 508
g FKH 0.90 0.81 3. 60 2.13 76.9 ND 84.3 ND 0.71 0.71 85.0
ik 4.32 1. 60 10.8 2.48 275 ND 294 0.16 0. 80 0.96 295
s FKH 1,02 2.09 1.39 1.02 21.2 ND 26.7 ND 0.36 0. 36 27.1
ik 3.71 1.26 16.7 3.51 246 ND 271 0.16 0.24 0. 40 271
512 K 1.46 3.26 1.45 0. 86 19.6 ND 26.6 ND 0. 70 0. 70 27.3
ik 3.86 1. 11 17.6 3.57 252 ND 278 0.11 0.32 0.43 278
o FKH 073 0.43 1.79 1.23 422 0.40 46.8 ND 0.71 0.71 47.5
Mik# 589 2,40  30.1 5.17 354 0. 70 398 0.18 1.29 1.47 399
Wl FkH 0.78 0.41 1.96 0.92 49. 8 ND 53.9 ND 0.65 0.65 54.5
ik 5.54 2.03 18.8 4.86 309 0.37 340 0.57 1. 00 1.57 342
JUBKS FKH 0.58 0.43 1.53 1.04 352 0.27 39.0 ND 0.59 0.59 39.6
Mk 4.70 1.64  18.2 3.67 285 0.28 313 0.58 1.31 1. 89 315
. K 1.22 3.59 1.55 0.94 27.7  0.29 35.3  0.33 0.23 0.56 35.9
ik 5.01 2.07 19.3 4.40 290 ND 321 0.54 1.18 1.72 323
L FM 111 2.18 1.39 1.26 23.2  0.40 29.5 111 0.39 1.50 31.0
Mik#  5.03 1.69 18.3 3.95 288 0.33 317 0.47 1.38 1.85 319
$43 4 FKH 0.9 1.67 0.98 0. 88 19.0 ND 23.5  0.59 0.35 0.94 24.4
Mk 552 1.83 21 4.34 316 0.46 349 0.68 2.02 2.70 352
VERE FIKH ND 0.39 ND ND 0.59 ND 0.98 ND ND ND 0.98
ikl 0.41 ND ND ND 1.05 ND 1.46 ND ND ND 1.46
L FkH 0.78 2.06 ND 0.29 2,24 0.34 5.71 ND 1.08 1.08 6.79
ik 0.43 0.20 ND ND 1.36 ND 1.99 ND 0.26 0.26 2.25
BT FkH 1.95 0.72 ND 0.58 6.98 0.27 10.5  1.19 0.84 2.03 12.5
Wik 4.40 1.38 12.5 3.16 243 ND 264 0.34 1.63 1.97 266

1) “ND” £ KK, Goitad iz 2Ll o i

AW R IEVT 22K PFOA it e FE VS
Bl 51 7 0.59 ~ 538 ng-L™', ¥J{l 157 ng-L7",
PFOS 1) 5 i e B L 43 0l A ND ~ 2. 48 ng-L~', 3

{5 0.86 ng-L~". 5E AN E R IK R FE KR A
(F23) ERIEILRIZ KT PFOA BYT5 YLk - T4
FEVL | BRVL) M B, UL (FEPRBE, HL B BOFI g &



12 14 RIS . BRI (BUM BE) 222K rh IR Al & M B B K1 B o A ik 4475

(a) FK1H

100

O rroa PFHxA  [[J) PFBA PFHpA B PFPA [ PFNA rrOSs [l PFBS

(b) il

= 100
80 i E 80
= 60 = =60
= =
= 40 = 40
20 20
0 0
o2 o™ M o4 W o uom b o O Wl o2 ™ R oA W M oW L o O OM
w0 A OB Mo B o & ko] A MW w0 &0 B Mo @ o0 & 3 R oH W
ESNR I C ;k fﬁrﬁ‘[llgﬁ ESINR I C ;k ﬁaﬂﬁ[llilri.
9 " W "
B2 SETI(HME) REKE 8 F PFCs MBS AR
Fig. 2 Percentage compositions of 8 PFCs species in surface water samples from Qiantang River in Hangzhou section
£3  XERERAKAR K S PFOA 1 PFOS RE R E b
Table 3 Comparison of PFOA and PFOS concentrations in water samples from freshwater rivers in previous studies
PR PFOA/ng-L"! PFOS/ng-L~! SCHk
BRI BE 0.59 ~538(157) ND ~2.48(0. 86) RIS
BT 0.02 ~2.68(0.17) 0.06 ~8.04(1.22) [16]
BRI M B 0.85 ~13(4.28) 0.9 ~99(23.05) [17]
KT R 23 ~35(29.5) ND ~0.39(0.22) [17]
KITE B B 4.1~5.3(4.5) 0.29 ~0.82(0.50) [17]
KT R B 2.0~2.6(2.25) 0.33 ~0.39(0.36) [17]
KA B 22 ~260(101.17) 0.62 ~14.0(5.14) [17]
IR ND ~27.9(10.9) ND ~6.6(0.33) [18]
VE ] 2.68 ~9.13(6.86) 0.40 ~3.32(1.66) [19]
TR 4.4 ~42(15) 2.0~7.6(3.7) [20]
PLE B ND ~256(81.0) ND ~88.9(51.8) [21]
YT K JEBL 2.49 ~4.79 3.54 ~16.23 [22]
H 4% Tama Fll Yodo i 1.9 ~110(58.6) <5.2~10(6.54) [23]
2 Orge 8.6~10.0(9.4) 15.2 ~19.6(17.4) [24]
ELRH Po i 1 ~1270 1~25 [25]

D) 455 AL S YR BIME ;< ND” 7R AR A i

Bt) L] VT VAT Uil KRB M E Y Orge
W AT B RA Po N, 5KIT BB DT B
LI K H A B Tama #1 Yodo 01 75 4t 7K 3 Ak F [F] — 2%
T, PFOS 175 /K mg & TRV (HE KRB, '’
BB A 5By R TERIL M B, KL FiBE,
VLESHUBE, Y] KRFE B, H AR Y Tama F1 Yodo {1 |
L Orge 1 2 B8R A Po i), SHAEYL . 1030, ¥
1 TS e KA Y.
2.2 ERIETTOKAKH PRCs T35 YLt 23 20 i H5AE
PRI VT (BN BE) R Z K > PFCs Wi
MEER B R R [ 2015 4F 1 HBRIZKH D PRCs
SEXIME R 306 ng- L', 4 2014 4 7 A F-3{H 45.0
ng- L' 6.8 (3 2). WFFE X IA% Wiyl o 1 7K A
H > PFCs Bl A O an i 3 s, AAE ]

I3 ERT BR T AL S PRCs i pi

KIB1(2014 4F ) m& i TAG K (2015 4F 1 7)) 3
AW > PFCs Ji B9k BE ¥ At K 0 T
FAKWL FOA 14 A W D0 RS K IR EE D PFCs
Jo R T AR K Y 8 %, R 2 B0 U Y
FAE. R 4 ~7 AR K L AR YE S
BR(29 ], 76 F A RAERT I ED 2014 4 6 H 2R IEIL
(E IO DL 1) K 2 AR R 2 R £ 4
B, VK B B AR FH AT BE 2 35 K D R 3 VLK AR
> PFCs J e BEAHT XA i S B2 A K 309 )
T AR /N, AR AR (475 e P45 AR 31— s 7K B
(O HIOR FE , E15 75 G ) IO o B O 5. DA [ 4
TiRE BRIEVL T A M BT K i > PRCs J
SR BERS R, 3 2k RSB A T BH VLAY
TSI BT 11D PRCs A6 H vk B2 7, 1T 437 T
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0 WD T T 53 17 BH DXC5E PN 1) PR 3 1L
AN, AT R R D PFCs AR b T W) — Uk
FEAKF-
2.3 PFCs £ BuRZ [a] (AR S KOk IR 4B
ERIETT. (BT B ) 7 [ 1 000 o T 8 )23 7K PP A
(1) PFCs = %2 B U0 5 VR FEAH DG C R ILFR 4 (K
W) AR s CHK ) . FoK I8 PFBS RS H SR I,
FSNE T 25 AR B G2 8 A, A% PFCs
PR BLEEIE A 6 K R A PFBA 5 PFPA (r =
0.647,P <0.01) , PFHxA 5 PFHpA (r=0. 648 ,P <
0.05) . PFHxA 5 PFOA (r =0.952,P <0.01) .
PFHpA 5 PFOA (r=0.867,P <0.01). /KM
() 8 F PFCs FA{R[G: T PFBS #b, HiAx 4% Al B 2
[BESEEESSETE 0L P eI € UEs Iy € Y P
SYBTES IR 2E K, AT BE S PO A SRAE I K M rp
PFCs V5 YRR AT 22 5. 456 PFCs 15 YLt 45 0 M
FEAE, TIA R R VT R 2 K PRCs 15 Y2 LA L i 2%
TR 2 T IR0 & PFCs (1) TR0 15 1R
IR AT A5 Yy — 2 M. 2K 30 000 AT A6 iy T FR K
o) 25 DA e S 38K P T U S G A T, DT S ) 7K
s Ye Wy 19 43 A B AR, TE I8 2 o K A 2 Ak
1, PFHxA 1 PFHpA #]5 F25 945 PFOA B A
ARG | U B b A W B R IR T R

R4 FKREKEHRE PFC Bk BEHHE XS D

Table 4  Pearson’s correlation coefficient matrix for PFC concentrations in water samples during wet season

PFBA PFPA PFHxA PFHpA PFOA PFNA PFBS PFOS
PFBA 1 0.647 " —-0.442 -0.281 -0.426 -0.181 / -0.526
PFPA 1 -0.461 -0.160 -0.114 0. 097 / -0.440
PFHxA 1 0.648 " 0.952** -0. 406 / 0.479
PFHpA 0.867 " " 0. 121 / -0.077
PFOA 1 -0.024 / 0.112
PFNA 1 / 0.252
PFBS 1 /
PFOS 1
1) * % FR P<0.01, = Fx P<0.05; “/" FREUERERS 550
x5 HKHKESE PFC Bk ERAEMESHD
Table 5 Pearson’s correlation coefficient matrix for PFC concentrations in water samples during dry season
PFBA PFPA PFHxA PFHpA PFOA PFNA PFBS PFOS
PFBA 1 0.956 " * 0.909 * * 0.923** 0.965" " 0.886" 0. 492 0.825""
PFPA 1 0.909 " * 0.923" " 0.956 "~ 0.886 " 0.486 0.762" "
PFHxA 1 0.972" " 0.951 "~ 0.943 "~ 0.511 0.791" "
PFHpA 1 0.937** 0.886 " 0. 462 0.682 "
PFOA 1 0.943 " " 0. 541 0.846" "
PFNA 1 -0.429 0.143
PFBS 1 0.650 "
PFOS 1

1) # = %R P<0.01, = £/ P<0.05
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PFCsHHSC A 773 B . PRCSFRMRAT o B LRI B
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TR | YR KR B 1 22 A A7 S0, VR 22 7
HES AR FEYVIME. B, HTHREA™
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Z [A] 5% BE LI RE S R AE 5 YLk . Young 255
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ME/NF 0. 002, FREIWFFE X IR 2K T PFCs £74E
BRI S o H B 75 YR, Simeik % & B
PFHpA/PFOA L% fifi 45 A KAWL RS T5 G2 i R 25 4
Tk 5, 35 1 5 PFHpA/PFOA H R A AE g 7R 15
PFCs & H TRV TS , A0 78t BRI A
Hi PFHpA W5 00 07 11 41, HL 4% 4% i i PFHpA/PFOA
O R EIEEAIK (0. 009 ~ 0. 129) , [ RE 2 B ¥5 7K HE il 2
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