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Characteristics, sources, and risk assessment of perfluorinated compounds in agricultural water of typical
rivers in suburban Beijing

ZHAO Yuan, YANG Hongju, WEN Yajun, XIAO Zhiyong"

(Beijing Agricultural Product Quality and Safety Center, Beijing 102629, China)

Abstract: Characteristics and spatial distribution of perfluorinated compounds (PFCs) pollution in agricultural water of suburban Beijing
typical rivers were investigated in 30 water samples collected from the agricultural water of Liangshui River in Tongzhou District and Ciwei
River—Xiaoqing River in Fangshan District. The species and concentration of PFCs in water were determined and studied using ultra—high
performance liquid chromatography—tandem mass spectrometry, and occurrence characteristics and possible sources of PFCs were
analyzed. Finally, an ecological risk assessment was performed. More PFCs were detected at low levels in the agricultural water
environment of typical rivers in suburban Beijing. Eleven types of PFCs were detected in Liangshui River. The total PFC concentration
range was 0—-62.7 ng- L', and the main PFCs were perfluorobutanoic acid, perfluorohexanoic acid, and perfluorooctanoic acid. Twenty one
PFCs were detected in Ciwei River—Xiaoqing River. The total PFC concentration range was 0-93.1 ng -+ L™, and the main PFCs were
perfluoropentanoic acid, perfluoroundecanoic acid, and perfluorododecanesulfonate. The results revealed great upstream pollution of PFCs
from agricultural water in typical rivers of suburban Beijing. Pollution originated mainly from sewage treatment plant effluent discharge and
surface runoff. The ecological risk assessment showed that the concentrations of PFCs in water bodies did not reach levels that are harmful
to the ecological environment.
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25 AL A W) (Perfluorinated Compounds , PFCs ) J&
— BB AR LT Qe , R R T 4 Tk
JEF b AR A (A R A9 F R T4 42 1 Ak ki
b A A BT Rl PRCs. R PRCs B B K M
B IH I | T T B Ak s RS e M AR R, H R
FELIE AL T T2 Tz i R Y,
FAF A AR 2R, PRCs n] 2t i 254 £% 3
BRI SR A E R R A LG Y, A
T X A 0 A P e 5 3 B W™ . PFCs H A A 4
JE AR F A LEIEIR (PFOS) Al 4 5 L R R (PFOA) , IF
H ZH PFCs 76 PR35 H 1 e 24 B i 77 1)t /2 PFOS F11
PFOAP,

Biti 5 X PRCs W76 XU (IR B8 I, 24~ [ K
Bl PR g 21 2 22 SR A T ) PR X 2% 1 £ B 26 PFCs,
2009 4, CHT R TR IR BE A 29 ) H% PFOS Je HoAR KW i 41|
BESE B A ABR A S, 2016 4, Fe [ A = 74
AIBEATHLI) HHLE F 2020 4 3L A VG IR PFOS J
HA A A1 52019 45, (TR IR EE 2 29 ) PFOA
R R T AR 55 A T DA 11 A 7 0 R0k
132020 4F , 3% FEDE: PROS 254 50 81 A CHp B 7™ A B il
A B4k 2 b 44 57 ) 3 2022 4, 36 LK PFOS il PFOA
H N CEE S 815 YL T B (2022 48 J) ), I 7
CH TR R TR DARRUE) (GB 5749—2022) Fh g YR B il
PFOS FIPFOA 1) 55 3 i A5 40 ng - L' 5 80 ng -
L7, FREX PFCs 15 YL Y B AFEE 5 H {H I

AR, A b K A 2 i 2 i A
PFCs"', PFCs T Bk £ 35 38 [ /K PR 4 42 1) 32 2507 7
TEYIR, V5K AR KB A R SR K S8 PFCs
F EBORTEY, Jb et 7405 KA BT i s K R A
PCFs {5 4L W46 | 3+ Hi5 /K Kb BT H 7K 7R PRCs B3¢
JEAEAE S T HE 75K, AT UL BLTE KA BN REA A2
B PFCs"!, £L 28 Y5 7K 4b B F b = A2 T 8 2 11 PF-
Cs®™, 5T F B, B PRCs V5 Y 1 FE B /K 25 1 Bk 3
KR PFCs S B SRS, B, 24k K R
TGN TG K ALBE T H K BT, AT B A 7 s
PFCs{5%%.

Jb R — KGR S B A3k T, 3 M X 2 E T
ST R AL B L R ST A X 3 T A X b
T 0 R XA Tl X0 2 ik A 4%
GE X3 o 38 P DX 7K T 55 B 1 DX A ) — 2N 3 T Ak
T K T e B, W AR 2 AR 1 T K A 7= R
KA V5 KA K HEA o 38 A In] R A8 0T -/
T — BRI A K HAE VR IR . HRl, A
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BT R S A ST E LA GTRE PR A ™
DX 08 ] DX 55 L XA S K 3] /0N T — 3] 7
AT SE DX I8, 325 PR e SRR (3 — ER K T 6 UK
PR H PRCs BN (e BEAT DN E , X PFCs B A7 45
LA PRIEA T AT, I PEA PRCs X H™ A2 9 A2 25 K
B, O A A PR B R AP BRI SR, DU U i
TRA K o PRCs ‘a8 5 IS5 Bk

1 #R5EFE

1.1 R

AT () i BB 35 K T K 1 TR 3 5 [l #E
IR ATK TR 15 A SRR A, A T 2 R Tk ik
G5 N LI~L1S  RAE s 40 A1 DL 1. BT i F 7K
U S P A T T A N DX AR e A0 X A 3 M XA AR
JENF 1l AdGE T

AR T — /NS T X 5 K AR BT H K 1 V]
WAL S HERAK A B 1S A RSN B ET
TR G5 R C1~C15, SR AE s 7 43 A0 WL 2. il A8
)=/ NI T B Ll DX AR D, 7 B L DX T B Y]
NI G5 A S, 62 O A Sk m T AR S
TA] I ] BB X
1.2 HmRE

it FH 056 28 R R 2 /K 43 il ok 2 IR s 1
TR TR B 1A WLB B R A KA, SR I TR A
SR KPR T, S AR KR R 5 ) b O SR AR KT R
0.3~0.5 m VRAL YK AE S Lo SRAE 2 1l 8 A IR) B B 25
fr SRR A1 000 mL 28 F/KAE MRIEZS H o FEdh
SR AE 5 B B AR BT G, 32 i 2 R AR 7 R A PR |kt
GaBHEC RS o KRS FISC I 5, 76 24 h N EA T A
AEEIF B B0 A
1.3 X5k
1.3.1 {¢%%

R 1 TR A e i — R DU AT R B B 3 { (Telass+
Xevo TQ-S, 3£ [E Waters A H] ) , # 2l 7K HL ( 3£ [ Milli-
pore 2> wl ), 55 P 8 F A8 4/ (Waters 23 F] 1) Oasis
WAX,6 mL, 150 mg, 30 pm)

1.3.2 &

o i F ) [ 2 [ Fisher 2w, 20 Sl R AR |
Gy BT Al ik R SN L DI K Al T R i 34 ) B A B CNW
Technologies A 7, PFCs IR A ARER AL 21 (2 000
pg - L), Hilp . S5 PFCs (C<6) AL 45 4 9 T e R IR
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Figure 1 Sample location map of Liangshui River, Tongzhou District, Beijing
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Figure 2 Sample location map of the Ciwei River—Xiaoqing

River, Fangshan District, Beijing
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(PFHxA) | 4= 5 T %e i i (PFBS) | 4= 9% ot ik 2
(PFPeS) .4 O Je iR (PFHXS) 5 % PFCs(7<C<10)
FLHG 4 I BEFRER (PFHpA) L 45 E HE R BR (PFOA) |
R TLERIR (PFNA) (2SR IR (PFDA) 4565
Befiti R (PFHpS) . 4> 3 Fi il iR (PFOS) | 42 38 T- b fif
FiR (PENS) | 49 28 Bifitd ik (PFDS) ; K i PFCs(C>11)
454 — e R B2 (PFUnDA) &9 T b R 1R
(PFDoDA) 4 1 =St R R (PFTrDA ) | 4= 5 1 DU ke
FRTR (PFTeDA) &9 755 SRR (PFHXDA) (43 |
J\BEFR R (PFODA) 4 3 T —Lefsi 2 (PFDoDS) . 5
5 A B B B TR A BRI (2 000 pg - L 4>
99% )“C4—PFBA ."C,-PFHxA ,“C,— PFOA ,"Cs—PFNA |
BC, - PFDA."C, - PFUnDA."Cs - PFDoDA ."*C, —
PFOHxS ."”C,—PFOS ¥l H Jill 5= K Wellington Labora-
tories 22 H)
1.4 HmmETALE

BEem 1 LAKFERINA S ng B NFRIE R, SR )5 5
S 5 mL 0.1% 20K FEER L 4 mL BT S mL &
B4 Oasis WAX A A BTG AL, 4 KR DL RS
LiF R BE AT S L B RS UG, i 4 mL 25
mmol - L™ ik R M 2% th i WK (pH 4.0) iff 41194k, I e
FH'5 mL 0.1% B 287K H RS W R4 T 0, e IV 8k
EAEE 1 mL, FE
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1.5 BENEHEEIL-FRENEEYE
1.5.1 JRAH R A

{63 4 . ACQUITY UPLC BEH Shield RP 18(2.1
mmX100 mm, 1.7 pm) sl AH : 2.5 mmol - L7 Y B iR 54
KW (A),2.5 mmol - L™ RS R L H 57 W (B) 5 ALK -
0.3 mL'min_l;iﬁﬁﬁiﬂl; 1 I.LL;*E?JE[:“’O C ,{5‘65}3%‘3’? :0
min,90/10(A/B) ;0~0.8 min, £k 754k % 70/30(A/B) ;
0.8~6.4 min, ZE 1251k % 100B;6.4~8.4 min, 100B; 8.4~
8.9 min, 2k ME 5 1K 2 90/10(A/B) 58.9~12.0 min, 90/10
(A/B), B N4 peek HIRME 1
1.5.2 g4t

BT UR  HE S S EST(-) 5 A HL £ 0.6 kV
HEAL LR 222 V5 5 IR : 350 °C5 253 <
1E:750 Leh s AL SO it : 150 Leh's Al < (Gl <)
JiiE :0.15 mLemin™ IR Z2 KOV Y (MRM) .
1.6 REFEH

A HEBRAT: b SR A LA P AR P AT BB A TS G
PUiR 25 FKAE M AR 2 (O B4 . 78 1 a2 i fefE
TR (05 RN B A5 R T 45 0.5.1.2.5.10,
20.50.100 pg- L™ F 41 it it vk B VR A bR E T W, >R
PIAT I &, INAR T EE VR B S g L7 HEAE R 1
Lo 3 A ST A v A R R I I R AT A, DA AR
R B2 R 40 Ak 5 1y 1 e 7 L 3 A% 45 M L F 7 1 e
S A B (LOD) , DL 10 A% 15 M b ik B R o & B
(LOQ) , J7 146 H FRAE 0.001~0.029 wg-kg ™' 2] , & &
PR 7E 0.003~0.096 g - kg™ Z [], JiTAR [m] i % A 909~
110%. 5 20 AR S A— R 3 25 11, DU — Uk T i
PP O B . SCI0 2 (IR 3R, AR HE I 4
Mraidferh 28 11, 28 R E S N T 5 PR HH R
1.7 PFCs BYXLBE 53 7

WK BA A2 4 5 KU PE AR 2 R 48 5 S0 (TGD) M
E B PEAN 15 Y A 25 RV A 7 32 2 KUK 78 {8 (Risk
Quotients, RQ) L™, Hr RQ>1 55 KU 5 0.1<RQ<1
S ARV 5 RQ<0.1 AR, TR A U

RQ= 1%560 (1)
o MEC 1975 G 0 SIS A W BE (Measured Envi-
ronmental Concentration) ,ng+L™"; PNEC A FiU JCRL L
e & (Predicted No Effect Concentration ) ,ng-L7'

2 #FER51TR

2.1 PFCsHIEE54HM
WA K AE G 11 B PRCs, 15 Rk S0

http://'www.aed.org.cn

Y PFCs ¥k L R 0~62.7 ng- L, FLr i B f i 1R
FE RN L6375 PFCs VR FEJE [ 0~39.7 ng- L7, A {H Ik
JEYEE R 0~2.7 ng- L', H 1, PFBA . PFHxA . PFOA
S UK HP i B PRCs, MR BE 431 0 39.7 .17.8
ng- L' M 17.3 ng- L. it #>30% ) PFCs A I FlT
A3 92 o BE PFOA %6 4% PFHxA

FAAE T =N i ] K FE Hr 21 B PFCs Y94 I i
15 R A 5 X PFCs W BE S L 0~93.1 ng - L, Forh
VR B i e AR U 125 4 PRCs YR FE S L 0~36.6
ng- L7, S {E U B JEE N 0~2.4 ng- L', HH  PFPeA |
PFUnDA Fil PFDoDs J2& Hill 48 0] — /N i 1] KR o B 2 B2
(K] PFCs , B¢ 43 %1}y 36.6.34.1 ng- L' #127.1 ng -
L. K R >30% (1) PRCs A 5 F, Hirp 4 Fh ol K 5
PFCs, 1 Bl Ry 46 4 PFCso ] UL 76 IS 10T — /)N i o] K R
RS PRCs fAAERE T 12

Xof L B K TR FR AR AT — /N KA R B, 3
F % PFCs B 43 #7 75 22 5%, 43 il o PFBA | PFHxA |
PFOA Fll PEPeA ., PFUnDA , PFDoDs , 3 H. 5t 7K 1] /K {4
HRRSE (4 PRCs A2 S/ T 3008 ) — /NIl . — 3
TKAA 25 PFCs V¢ B 51 PRl 387 3k O 1K, e KAB D% 30 T 0~
39.7 ng- L7, YE W EYE 1 0~2.7 ng - L' BRI
PFCs 4, PFCs Bk B 353 75 0.5 ng- L' AR &

AL H PFOA 7 Bt K ] K AE 1475 Y 7K 7K 0~
5.5 ng- L™, 76 H A8 0T — /N3 1] 7K B 35 G 7K K- R 0~6.6
ng- L7 5 E AN IR AK KA (1), 5028
3 PFOA ¥k B 5 ¥ W] 3 3™, il &= K Highland

1 RGBT NET S R & PRCs MR E S
= Pl 51 EL At X 3 bl 22
Table 1 Concentration comparision of PFCs in Liangshui River

and Ciwei River—Xiaoqing River with other regions

at home and abroad

e PFOA/ PFOS/ E= DU
Sampling point (ng-L7") (ng-L") Reference
TE N 0~5.5 ND AT
PN 0~6.6 0~3.3 AT
TR 4.4~42 1.8~7.3 [16]
V] 2.68~9.13 0.4~3.32 [13]
Ry B 22~260 0.62~14 [17]
PN TR L 7.26~15.57 3.47~8.06 [15]
H 7 Kyoto [X 8 ] i 5.2~10 7.9~110 [18]
&R Highland Creek 2.2~79 2.1~6.5 [14]
% [E Great Lakes 4.4~22 2.6~17 [19]
5[ Orge 1] 8.8~10 15.2~19.6 [20]
1 ND R KA
Note :ND indicates not detected.
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Creek /Y PFOA ¢ & 32 3T , IR T A0 #fg 52 7510 Y
el RV B BT H A Kyoto X 8] R 36
Great Lakes"” 7% [E] Orge JA[*"f#] PFOA ¥ i . PFOS7E
B K] KA H R A H TR S 0T =/ NI ] KR 4 75
IKF-H 0~3.3 ng - mL™, 5 i 38 PFOS ¥k FE #2300 .
SRR AL PFOS ¥ B2 M I T ORI T ] (YL
B H A Kyoto XA /il %2 K Highland Creek
% [ Great Lakes . 7% [E Orge i P PFOS e B . | ik %h
SR WK IR USR] /N ] PFOA 1 PFOS #9T5
YR Bl Ab FAEXTHAR K .
2.2 PFCs U= 8] 53 T 4F1E

A IXC PR SR A i 204 BB O B0 %2 T Ui 4 5, PFCs
1) 322 A3 BERAE AR AR AR Ak

B K] KR H A SR A 55, PRCss 1 25 0] 40 A7 15 Bl 2
B3R kil BIFERAE RUKAEH PRCs DL PFBA |
PFDoDA il PFHxA 4 &, H I il R AE S K A H PFCs
Pl PFHxA FI PFOA y ¥ o 7E il b ik PFCs %
M7, 78 FR i KA PRCs BN EZ5 YL, R g h
FEPFCs T, /K Y PRCs FOIAAHE H PRAE L6 AR5,
PFHxA [FJUEAR H BT L1 SRAE AL, PFBA B UE R H B T

701
60

501
40
301
201
Hi-8 .
0

LA G Yk E
Concentration of PFCs/(ng-L™")

L2 %Hf 5, PFDoDA . PFTrDA PFTeDA il PFODA (%)
A E 35 H BT L6 SR AE . PR L2 SRR A V5 /K Ab
PR KA TR AE M BT — AN I . AE
L6 KAE i X PFCs 7 it ik BRI H L6 SR AE £k
() F2 2K BE PRCs, 1] LUHEMIASAY 139 PFCs & 42
TEM , L6 SRAE £ B 3 AT REAF7E BB 19 T5 S HEA 1T,
HRAE B 9 A R B T5 /K A 3T A HEZK e sl At HE
TR, T DR A RUESE . L7 RAE ST
Ui RAE A X PRCs 25 B IR T B, T AR M Lo 3] 1.7
(3 B R K AR TURR R A T 35540 PRCs, I ELAE T U7
KRR AR IRAT BB PFCs HEA o AR B 38 M X ik
WKFER Y PFCs B FiEm  FURIRA

B TR] /NI TR KRR SR 1 PFCs 25 (] 5341
AN 4 FroR o IR —/ N KA T R
PFCs B4 K, 76 B IR AR o3 A B35 6, L) PFPeA |
PFODA .PFUnDA .PFOA FIPFBS %k . H R iifKHE
h 32 32 2 K 55 PFCs, L PFDoDs . PFTrDA . PFUnDA .
PFTeDA FIPFPeA JJy 3. 7KFEH X PFCs [IE(E H BT
C2 KA 5,155 93.1 ng- L', HIZMS PFCs FiS 2T
HSRRE 5, 224G HY 20 B PRCs, 4P T PFODA .PFHxDA

— = =

L1 L2 13 L4 LS L6

L8 L9 L10 L11 L12 LI13 L14 LIS

KA Sampling point

B R iy IuNid

Proportion of PFCs/%

100
90 [
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40 1
301
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10

0
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L1

L5 L6 L7

L8 L9 L10 LIl

L12 L13 L14 LIS

P=I=t Sampling point

[l PFODA [ PFHxDA [ PFTeDA [ PFDoDs [ PFTrDA [0 PFDoDA [l PFDS [ PFUnDA [ PFNS [ PFDA
W PFOS MW PFNA [OPFHpS [EPFOA [ PFHxS [ PFHpA [OPFPeS [OPFHxA [ PFBS [EPFPeA [ PFBA

3 JETRTE N XK R PRCs B = 8] 53 %6
Figure 3 Spacial distribution of PFCs in Liangshui River, Tongzhou District, Beijing
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IAE P

clo C11 C12 C13 Cl14 C15

7&#5 Samphng point

il i

cr €2 €3 €4 C5 C6

c1o c1r c12 C13 C14 CI5

ﬂt#)ﬁ Samphng point

[l PFODA [ PFHxDA [ PFTeDA [ PFDoDs [ PFT'DA [0 PFDoDA [ PFDS [ PFUnDA [ PFNS [ PFDA
W PFOS MW PFNA [OPFHpS [EPFOA M PFHxS [ PFHpA [OPFPeS [OPFHxA [ PFBS [EPFPeA [ PFBA

4 JbEHE WL X FIBA—/NE A PRCs IZ B 570

Figure 4 Spacial distribution of PFCs in Ciwei River—Xiaoqing River, Fangshan District, Beijing

HIPFOA % PFCs [ W (R, JEL IR n] B J& 7E C2 RAE S AH
Vo K AL BT HE B IR KB o 23 Tl T R RN K
i B I X PFCs 7E C3 & C5 R FE 5 % 4 A, C9 KA
R PFCs St iy T Q8 SR AE A, HEDN W A At 7
SRR, E’Jﬁﬂ VEE K AR R ) PFCs s U5 5
Yo, UL 8 B CO SRAF ST /N, H LT PFDoDs
HI PFTeDA X 9 Al K 4% PFCs FOIE(E . /NIl 7E C13
SRFE A, IF H C1S SRR A5 BRI 2 A 2895 Bh R4 1Y
Ypr, KL, C13 2 C15 RAE 5 X PFCs Fr it 28 Tt
I HALEE PRCs 4 F 2 . B b5 L X
TR~/ N K RE Y PRCs W T 37 7 ) 2 AR e 3
AR5 34 SR HFE . Y PFCs 25 B AT Bl 7t
2.3 PFCs BUiSRIFER ER T 547

H i , PFOS/PFOA . PFHpA/PFOA #1 PFOA/PFNA
B AT SR 234 PRCs VTR . o PFOS/PFOA
E/NTF 1 RUDRIE A BN, KT 1 RAAEAER
PFOS SRR ; PFHpA/PFOA (E/N T 1 3B 32835 4
AR A RADURE, KT 1 RIFEAE RTTFE
PFOA/PFNA{E7E 7 LT AU PFCs 3k H [42 58, 75 7~
15 Z AR Tl A = i e R, RF 15 AR AR
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A A R

SXoF T 7K Y0 RIS AR T — 70 9 T 0 1 A R 11 SR R A
AT M, A5 R 2 Fros . A WESEIESE PFOS 1) &
BORWEIE LT A R )Z AT, I HLo Se AR 5
A 3 BOR TR BRI T PROS (A PR . R 2T
WK FEH 1) PFOS 75 f B S RAIC, 7145 H 19 PROS/
PROA {EH4/NF 1, 6 B X 5 Z500 3L (1) PFOS 15 4% Ry
WA AAELE PROS [V LE S U585 G o 3X 51 2% 3]

R 2 RAKHFRIRA-NE AR TR PRCs R AE S EL E
Table 2 Ratios of characteristic monomers of PFCs in Liangshui

River and Ciwei River—Xiaoqing River

R PFOS/PFOA  PFHpA/PFOA  PFOA/PFNA
Sampling point "
L1 0 0.40 -
- 0 0.68 1.94
L3 0 0.92 173
L5 0 0 -
L6 0 0 1.00
c4 0.50 0.36 2.95
c6 0 0 -
c8 0 0 —
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TP AAEAE G S, | FLAE 4 S S A ST Tl ) SE B
BUARAT , IF H R B [ 5 0 25 A BOR B T AR 58 i
PFOST5 4%, PFHpA 938 I - 22 KA DT, K Ik
B TG R A DTRE TS G, A 0K ] A A T -]
T8 1) H PFHpA 5 565331 2 20% F16.67% , PFHpA/
PFOA fH /N F 1, #7R KR o B KA PFCs
VBYR D, AT B PFOA/PFNA {H /N F 7, 12
7N PRCs V5 Y E B A5 Y . X5 Wang S50 5%
75 11 B b K RS T PRCs 15 4L 9 R BRI 25 K
HEK 41 —80, MK 8E PFCs, PFHxA \PFBS 45
i 5k PFCs PRI A /NG A= W s M FLAE 9 s R 000, O
BEAE G A AR e, HLE A YE R AE B AR KR, PF-
HxA 75 £ b BB R H BTl hoge ) iz T, HLAE TS K
AR FRT K R Y2 AE AR, PFHXA 7E B /K o]
ARG H R A g, R IR 5 7K R KB HEA . e

B —/ N o, PEURDA \PFDoDA 25K 5% PFCs Y #k
JEE ARG H R 38 A i, I A A PFCs 25 5 43 0 i ot
FF 38 2o AR TEAE A KA, DR A DU I T R 2 3 o b
RRFRAL,

1 F UK T KRR PFCs FRAS: HE SR ARG, S0t )
BT —/INVE T K RE R AT 32 1853 43 B, SR AE Tl — /N3 T
15 AN SRFE S K RE R PRCs 19 35 020 70 B 4 31 L 3% 3.
JKBEH 21 Bl PFCs [ 4545 3] 4 4~ e 1 AS A 5 19 3 A%
Oy, BTl B O 2519 79.24%., PC1 81 PFBA |
PFHxA . PFPeS . PFHpA . PFHxS . PFHpS . PFNA . PFOS
FIPFODA 411, )5 22 5 HE 43.39%, iX 9 Fl PFCs 1L F#E
C2 5 2R AF A ¥ /K A BT Ay HE il 2 e e U
PC2 F % i1 PFDA . PFUnDA . PFDoDA #1 PFTrDA 41
B, 5 22 5 14.38%, F 3SR S i i Kk
e, PFUnDA |7 {Z AFE T A A b X 1) A 358 vh | [ ik
M AR AT fE B A PC2 Y R 25 YL, PC3 E 2
PFDoDS 1 PFTeDA W #14 £ PFCs 24 i , PC4 = 2 1
PENS Fll PFDS 9 Fifr 4> 38U fiffi 12 25 ) ot 41 %, , PC3 il PC4
(TS G IR AN | T B — 20 s ) A DCRAE S B TS
LR TR A 5T -

2.4 PFCsHIXUEE 53 #7

42 252 Hoke 261 Brooke %51 Y fiff 57 45 S 1
7N, 7K FE 1 PFOA . PFOS . PFHxXA . PENA 1 PFDA 1)
PNEC {543 %]} 100 000,25 000,97 000,100 000 ng
L7111 000 ng- L™, AR 5 18 2o JXURS: 7l (L PEAG ZK B Hp
PFOA .PFOS . PFHxA . PFNA H1 PFDA fit 4= 25 XU | 4%
AN 4 FF 78, PFOA . PFOS . PFHxA . PENA F1 PFDA
() RQ {EE /N TF 0.1, 2 BH B /K 0] A0 A8 a7 — /N Tl K
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3 RIBA—/NERKEEH PFCs RERENER S 47
(PCAEER
Table 3 Principal component analysis results of PFCs

concentration from Ciwei River—Xiaoqing River

49 Compound  PCI PC2 PC3 PC4
PFBA 0.999  -0.028 0.013 -0.007
PFPeA -0.197  -0.323 -0.293 -0.122
PFBS -0.111  -0.374 -0.405 -0.123
PFHxA 0.999  -0.028 0.013 -0.007
PFPeS 0.999  -0.028 0.013 -0.007
PFHpA 0.999  -0.028 0.013 -0.007
PFHxS 0.999  -0.028 0.013 -0.007
PFOA 0.030  -0.257 -0.394 -0.050
PFHpS 0.999  -0.028 0.013 -0.007
PFNA 0.999  -0.028 0.013 -0.007
PFOS 0.999  -0.028 0.013 -0.007
PFDA 0.170 0.854 -0.259 -0.005
PFNS -0.014  0.004 0.276 0.914

PFUnDA -0.085  0.738 -0.215 -0.126
PFDS 0.007  -0.110 0.277 0.907
PFDoDA 0.137 0.859 -0.260 -0.005
PFTrDA -0.086  0.776 0.489 0.107
PFDoDS -0.083  -0.070 0.851 -0.369
PFTeDA -0.047  -0.095 0.845 -0.399
PFHxDA 0.061 0.248 0.198 -0.195
PFODA 0.999  -0.028 0.013 -0.007
FEAEAE 9.11 3.02 2.45 2.05
5 2:1% 43.39 14.38 11.70 9.77
R %1% 43.39 57.77 69.47 79.24

R4 RAKAFRIB A -NE A KA H 5T PFCs Y
EXREEERY,107)
Table 4 Ecological risk quotients(R(Q,107) of five PFCs

in Liangshui River and Ciwei River—Xiaoqing River

Sampling point PFOA PFOS PFHxA  PFNA  PFDA
L1 5.2 0 5.36 0 0
L2 3.1 0 4.84 1.6 0
L6 1.6 0 0 1.6 14.54
€2 6.64 13.16 2.97 2.25 27.63
Cl4 0 0 0 0 0
C15 0 0 0 0 46.63

FER I PFCs ¥ BE 8 A 15 31 6 A AR 85 18 A 3 1R K
Vo PFCs PR EZ (AAZGERITBR , ARWF 58 HAFA0 T
5% PFCs [ A4E 25 U , HoAth PRCs 19 A 285 XU i 5 3
— W5
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(1) ABIF 53 2R FH R 1o 80 A €0 33— HR IR o 1A Uk
T 55T 2805 SHL 0 ] 37 308 M DX S K Yl A DX AR e —
/NI R 21 A PRCs VR BE o 38 M DX 3 7Kk 3] ok
11 7 PFCs, X PFCs ¥ J& {5 [ 4 0~62.7 ng- L™, iz
B PFCs 2}y PFBA . PFHxA \PFOA . [ L1 X i) 4 Jf -
/NIRRT R 21 B PRCs 2 388 A, X PFCs ¥ JE2 3
7 0~93.1 ng- L, fix £ 41 PFCs 2 PFPeA . PFUnDA
1 PFDoDs.

(2) 5 A0 WL AT 375 A K HB PFCs 15 4% (1) 43 A
fEEA FE B Bl m TR Al KT
HE A 5547 PRCs 75 12 B S 755 T LAt S A7, 38 2 R AE
15 L) HO AR R0 FE 8053 40 B A5 1 PRCs 75 2 £ 2k
BTG 7KARB) K P HEBCR L R AR T A, 32 N T
B FZIR K

(3) 2R FH JRUBS: & 6 325 X Tt 7K 3T 00 3 4 3T — /N
] PFCs #E 47 28 25 KUBS PP A, 45 3 2 I BB BL PFCs
4V B2 1) A 38 B 0T A R PR 1 B B K-
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