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W E AFEEEER (perfluoroalkyl acid, PFAAs) B AR ANE . W E £, S ESE A,
AT (475 G () 52 3] T 4 TR 45 [ 305 3t i W0 Sy % T 880 ) 0 b DX 25 Wl 5 | 28 7K K v 4 SRUbe BE R 1T
YURRE, SE)5F 2021 4R F K EA R KA CAR T 1 JUBE B0 T e b IX LU AR B 5 | BEK R R 2K, R A [
A 2 B8 R RO A (1 - = DU BT ikl 2 T R 2K 17 A2 5URMR A & R W, /7 T4
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Distribution and risk assessment of Perfluoroalkyl acid in surface water
of diversion reservoirs from the lower Yellow River
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Abstract  Perfluoroalkyl acid (PFAAs) have attracted widespread attention owing to their
environmental persistence, bioaccumulation, and potential toxicity. To explore the pollution
characteristics of PFAAs in diversion reservoirs from the lower Yellow River, the surface water of 19
Yellow River diversion reservoirs in Shandong Province was collected in rainy and dry periods in
2021, respectively. The 17 perfluorocarboxylic acids and perfluorosulfonic acids in the surface water
were determined by solid-phase extraction enrichment and high-throughput detection with ultra-high

performance liquid chromatography-triple quadrupole mass spectrometry. Perfluoroalkyl acids were
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analyzed for their composition, types, and spatial and temporal variation characteristics. The
correlation analysis between PFAAs and water quality parameters, as well as entropy-based
assessments of typical PFAAs, have been conducted in this study. The results showed that
perfluorooctanoic acid, perfluorononanoic acid, perfluorooctane sulfonates, perfluorohexanoic acid,
perfluorohexanesulfonic acid and perfluoroheptane sulfonic acid were detected, and Y PFAAs
concentrations ranged from 1 ng'L™ to 55.7 ng-L™". Using environmental risk assessment, the results
showed that the risk quotient was far lower than 1 for all samples. The PFAAs pollution level in the
surface water of the Yellow River diversion reservoirs has not reached the level of risk to ecological
environment.

Keywords perfluoroalkyl acid, Yellow River diversion reservoir, distribution, environmental

risk assessment.

4 S B2 (perfluoroalkyl acid, PFAAs) J& 45 C—H 4439 C—F # i fC B ke L 28 N T4 %
&Y. T C—F dk i enik 485 kJ-mol ™', PFAAs HA ML IR A Ak Fa e Pk | 2 WG s I A aAE o 1k
H 20 tHad 50 ARG, AATTTF ks o n FHFE W B | il %38 2470k Fp ™. PFAAs A 6= fh7e A= 7= fiff
AL AbE R, SE AV K HERL . R AR . KA UTRE SER nT b G b g HE G A SRR, T PFAAs (3
BeRe A A ERNE | I B R A, A S AR BT A TR, A AR R AR N U S B
PR . I B 0, PFAAs B BUE Mpp 2t A s EPESE, I B W T3etE. T PFAAs 19
IR PEFIMESE 1, KRR B — 0, K, T f# PFAAs fE KRB 5 B A &
B, TR SR 22K A e S R G 1 5 2 PR R RO S .

AW HGE, KT T KRS SPFAAs #RE A 191 ng-L ' Vgl itk A 174 ng- L0 K1
B A 229 ng-L709, 4b T PR TS Gk K . H RN AT 9 X EE AR K TR M Y 5 i K %
PFAAs 1175 G /K- A il . v in] 2 3R = 09 28 — K], Jdsl S i 0 A B AR K &R, 38 10 i &
BB AT B0, WF 9T s, B I W KK R, 7 E I AR TR S R T Hh K K
J A 2% . BT T iV i — S M B 32 2K BE Hf SPFAAs 7 it 18.4—56.9 ng-L ', PFAAs i Tt 2 JE R A%
S AT R, R B R S A TS GBS IR A T E R, SR R AEE 2 KR AL T
b B X AT A Tl Ak, 5 B iEAR e, PFAAS (975 4] g & 0 ™ 5, 8 ik K S5 2 88 0 Rk A
MR ARWFFERAE T IR 19 HES ] HE /K IE 22K, SR FH 1A A5 B 500 €233 - — 5 DU AR AT 5 33 15
PG AIHT T 17 T PFAAs 15 4 K A HEAE, I FE 8 T A P40 M R 58 KSR, 9145 T fit
T HIT YL RRE.

1 MBLE )7 (Materials and methods)

L1 BrifERe il iG]

17 Fh 4 Ut 2L R IR A PR iR T 22 51 (Wellington Laboratories, 2000 ng-mL ™', PFCA-MXB), 7. 4=
BT, 2R . 2RO . 2R, 2RFR. 2R TR, 2R ER. 28—k, 28—
BERR . AT = BERR . AT TULERR . AR TS GERR . T /R . 2T e R . A R O e R
ERE B R . 4 TR 2 B R . 9 Fh 4 F e FE R N A5 ( Wellington Laboratories, 2000 ng-mL ™', WEL-
MPFAC-MXA), f & 2% T RN 28O RN . 2EFPLRIR NS . 28 TR, 2 8ELeil
MR AR . T ER bR 2F TR NG 28T —B N, 28T RN GR ).

H B (B35 4, 75 Merck 23], R (Al 36 EHA A F]), 1288 FHZK s 4tk

F 1 PFAAs HEA(E A
Table 1 Basic information of PFAAs detected in this study
25 AR EG] V2o

Category Full name Abbreviation Molecular formula
SIS LR (PFCAS) 45T | perfluorobutyric acid PFBA C,HF;,0, 375-22-4

CAS
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2%k 1
25 LR e 7R CAS
Category Full name Abbreviation Molecular formula
2F%HR perfluoropentanoic acid PFPeA CsHF,0, 2706-90-3
45 R perfluorohexanoic acid PFHXA CgHF,,0, 307-24-4
AFHBHIR perfluoroheptanoic acid PFHpA C,HF 50, 375-85-9
2R perfluorooctanoic acid PFOA CgHF 50, 335-67-1
45T perfluorononanoic acid PFNA CoHF;,0, 375-95-1
. LR perfluorodecanoic acid PFDA C,oHF 40, 335-76-2
IRBEHIRTR (PFCAs) - N o
49 —%El2 perfluoroundecanoic acid PFUnDA C,,HF,,0, 2058-94-8
9+ )RR perfluorododecanoic acid PFDoDA C,HF,;0, 307-55-1
29+ =%EfR perfluorotridecanoic acid PFTrDA C3HF50, 72629-94-8
25 1 PUkERR perfluorotetradecanoic acid PFTeDA C,,HF,,0, 376-06-7
25 75BERR perfluorohexadecanoic acid PFHxDA C,¢HF3,0, 67905-19-5
231 /\SEfR perfluorooctadecanoic acid PFODA C,3HF350, 16517-11-6
IS KRR perfluorodecane sulfonic acid PFDS C,HF,S0; 2806-15-7
- . SR SERTR perfluorooctanesulfonic acid PFOS C4HF 580, 1763-23-1
LHBEEEIAR (PFSAs)
2R e R perfluorohexanesulfonic acid PFHxS CgHF,S0; 355-46-4
49T HEfi2 Perfluorobutanesulfonic acid PFBS C,oHF,,S0; 375-73-5

1.2 B RS il

e O AR LA ARPER 51 3K (18] 1), 20 B 7E 42K 381 (2021 47 8 A ) Ml 7K 391 (2022 4F
1 H) AT KR, B R AR 2R R S /K FE /K CUK T AR 0.5 m RZK, (REUR T 2 L, FIERW
Tl FURDRAE KR, TR EEBOK H AT HURE, [R]BF SR AEFATHRE 1 4.

120°0'0"E

°
Si16

P4 Legend
Line of SNWDP
—— I Yellow River

35°0'0"N [ 51.2 B Lake |
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120°0'0"E
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Fig.1 Sampling sites

SR FH 1A A BRI AT 4R i s 4 RWR T 5 mL FHBE, S mL 1% &K H BRI W, 5 mL & & F K G 1k
Waters WAX [E AHZE . FF 22 0.7 pm B 38 £F 24 38 115 25 B UKL 5 /5, B 500 mL A i 1 3% 46 S5 1) 1]
AU, SR )5 FH 5 mL 20% bk, e R U 4 mL 1% 20K BRI . 4 mL 1% 2K PEBE. e
WA R ZE T, 5R B 0.5 mL 50% H B -/K 5 M 1, 77 UPLC-MS/MS 4347
1.3 FEAIE

K FH 8 v SSOTROR £33 - = B DU AR AT 5 % 5 (Waters 23 7, Xevo TQS UPLC-MSMS) il %E /K EE 17 Fif
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PFAAs ¥ BT, (83545 B 4 TR T 4l peek 45 %, HLAE AN 100 I i v ki £ foff FH 2R VU 960 & 0 4 T A 25 48
DRE A 7 A 8 e 1Y S (HL. YRR (23 4 Waters ACQUITY UPLC HSS T3 #£(50 mmx2.1 mm, 1.7 um), ¥
40 °C; JiEk 0.4 mL-min™'; H 5 R IR 10 °C; AT 10.0 uL. JishAH A 24 20 mmol L™ L8k -7K %

W, T EhAH B o - 2006 (8:2, VIV), B EEVE G, DEIERR P S it i UL 2.
R2 VRSB
Table 2 Mobile phase gradient

Asf 8] /min EulGl

Time Initial ! 6 7 8.5 8.51 10
A% 65 50 30 10 10 65 65
B/% 35 50 70 90 90 35 35

S FH i U5 35 P, B 6 17 B A, 22 R W ( MIRMD) B A T B 4045 R 2.5 KV B U5 IR B
R 120 °C; BRIAE TR E 500 °C; B 7S (RUA, 45 99.999% ) M FLA i i (AR, 461 99.999%)
439k 800, 50 L-h's filf 484 i & (A<, 2% 99.999%) 4 0.20 mL-min™". 17 F PFAAs [ 5 1% 51 55k
TEOLZ 3. EAEA I R v, 5 10 ARSI — N0 25 11 (L1 B EERIZKO) A L AN PRI . il
PF it ) I 2o A T BB A ke () SR T U, R A RN R B [ e R R 2l K 64T 2 RS, K0 2
SN FNBRZS TS BUE. B R PR IESES T E , AR RSV S FEI R 0.1—100 pg L', AP
FHR>0.995. £ i & 4 1000 55, PFOA, PFNA F1 PFDA £l FBE K 0.5 ng- L, HAlI4 8 1 ng- L,

TR F 68.1%—109.4%.

F 3 17 Fh PEAASs IR & 1F S50
Table 3 Mass spectrum parameters of 17 PFAAs

e Rl R FLIE 25 T UE BB T HEFLHLR/ V THET TR/ eV
Number Name Electron spray ionization  Parent Ion m/z Cone voltage ~ Daughter ion m/z__ Collision energy

RN, 169* 10

1 229 T FRPFBA — 213 14
125 12
I T TRAAR 172* 10
2 MPFBA — 217 14 - -
N, 219* 10

3 I ICARPFPeA _ 263 14
141 10
80* 30

4 29 T Sl FRPFBS _ 299 45
99 28
269* 10

5 25 EPFHXA _ 313 14
119 20
SO RN 270* 10

6 RO B — 315 14
MPFHxA 119 20
319* 10

7 2 PHEPFHpA — 363 14
169 18
S L 80* 32

8 ARPELLfALPFHXS — 399 56
99 30
L TRIBERTR I 84+ 32

o R - 103 «
MPFHxS 103 30
s 369* 10

10 2T FRPFOA _ 413 14
169 18
SRR 372% 10

11 REBPR — 417 14
MPFOA 169 18
, 419* 10

12 R T-TRPFNA _ 463 16
169 20
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224 3
75 LB IR 44 FR EERUAE BB HEfLR R/ V FET i RE/ eV
Number Name Electron spray ionization  Parent lon m/z Cone voltage Daughter ion m/z__ Collision energy

TR 423% 10

13 LR — 468 16
MPFNA 169 20
80* 30

14 EFFHEERRPFOS — 499 60
99 28
B SERER R AR 80* 30

15 T BERIR P A . 503 60
MPFOS 99 28
469* 10

16 S JHZSFRPFDA — 513 16
169 22
AIEE 470% 10

17 I HRIR — 515 16
MPFDA 169 22
519* 11

18 &% T —MPFUJA — 563 16
169 24
PO R 520% 11

19 L t—marshn — 565 16
MPFUdJA 169 24
80* 50

20  AFBHHERPFDS _ 599 70
99 34
569* 12

21 A% T ZFPFDoA — 613 16
169 24
N T 570% 12

22 Lt arsh — 615 16
MPFDoA 169 24
” 619* 12

23 &% =MPFTrDA _ 663 16
169 28
669* 12

24 2T UEAPFTeDA _ 713 18
169 30
769* 12

25 & T7SERPFHXDA _ 813 20
169 30
869* 15

26 AT /\BRPFODA — 913 20
169 30

HE: * FIRAE R . *Represent quantitative ion.

L4 RS PR vk
T3 E X PFAAs B PR EE XU PEA 38 VA 58— RO An U, ASBIE 9% R FHAE R )32 AR IXUIS: A (L (risk
quotient, RQ). 71541 .
RQ=C,/C, (D
T, Cope SEBRAE S T HARY) BT R 5 C,: TN TE RO vk &

>R FPEA DR i R4y b SRR 38 90 A1 145 511 %% PFAAs E@ C,. 7K *' PFOA, PFNA. PFHxA . PFOS,
PFHpA. PFDA i C, 73524 100, 32, 97, 25, 32, 11 pg- L. RQ KT 1, WA A7 XU .

2 5 R 5308 (Results and discussion)

2.1 WO R ML X 5] ¥ K E PFAAs &t K F 5 0 AR B
Xt 19 AN B T Vg X 5 | K =E K . A KRG R JZ KRR S 17 B PRAAS W 3ET 0 #T, JLAG
10 # PFAAs.
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2.1.1 PFAAs FiZ5Hr

FOK IR Y 8 Tl PFAAs, {4 3 Fh 4 be LR R (PFSAs) | 5 R4 b 2R IR (PFCAs), £ H 2
PFOA > PFNA = PFHxS > PFHpA > PFOS = PFHxA > PFBS= PFDoDA FY JIfl ¥ ; A 7k 1 246 i 10 Fh
PFAAs, 45 3 ) PFSAs DA K& 7 Fl PFCAs, £ i} % & PFOA > PFNA = PFBS> PFHpA > PFHxA > PFHxS>
PFOS > PFPeA = PFDA = PFDoDA [¥JiLJ7, TEANAE R UL 2. Z8 G Ak /K I . POk B R R, 20 m
HG R = U PFOA., PENA il PFHXS, PFOA 2 it R i G HE 3908 5% 725 Y PFAAs.

501 PFPA
EZIPFBS

EmPr HpA

EJPFOS
B PFNA
[IPFOA

NN2%%%

Concentration/(ng-L™1)

|

5 -

Yo

>
&=
3
24

s8 s9 $10 SI1 SI2 13 SI4 SIS $16 $17 SI8 SI9
2 TR XS K P R A KIS PRAAS 5Tk K

Fig.2 The PFAAs concentration in surface water of diversion reservoirs from the lower Yellow River during rainy and dry
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5 BBk 415 4K 4 41 PFAAS 70 W JE4E (C<6) . i (7<C<10) A1 K (C=11) 3 26821, AR BF 5840 H Y
PFAAs K by v i 4 4 S0 6 1R, KBk 4 S0 SE IR AG 11 1 301, 49 A S B0 wp e > e > B A 15
HJ A o] A P 7 T (1) Bl 25 30 A7 St X 4 7= i %) BIR 1, S B8 7= R R W ez F s (2) i
PFAAs S {1 [r] 43 e 2 TR ) Ak 7 0k 47 22,

2.1.2 PFAAs &80T

25 R (] 2), KRR i b SPFAAs MR EEVE I 1—55.7 ng L, “F3{E°H 8.3 ng L' Alizk
WISk 3.2—45.1 ng-L™', V¥{EN 19.0 ng- L. XA H R 5 = 1Y PFOA #E 475 23 40 #, e i o b die i,
2K 3 e BEJE BB 0.9—32.6 ng L7, FXME A 7.4 ng' L7, 5 B E A 89%; A /K 11 Hk BE VU Bl
1.9—37.6 ng- L™, FI{E M 15.3 ng- L™, (5 M= HE K 81%.

AHEGE 1, BT e M X 5] 857K B 2K 9145 KBk T PFOA (1 SPFAAS 1) 47.4%—100%, Ak 01 15
34.4%—100%. PFOA K H ¥ 7 B (A4 T HAAS HH PFAAs, Ui B PFOA S B Ia] T i X 11 45 51 3% /K ¢
FJZK P PFAAs () FEEI5 L),

2.1.3 AR

PR A& LAWK RSN, Hoe K2 TPFCs e B 2 A TR KW, 3X T BB 5 =F /K S I AR AR B 7 B
KXo, AR WK JE K B PFOA ¥e J¥ 2 32.6 ng L™, B & T A% K 14 )& (9.1 ng'L™"), PFHXA.
PFHpA . PFBS ¥ & o i T4k 7K 3, 7T 58 =F 7K A B J&] A7 e T e U0, AT BB 2 R T rg /KL RK 148
A WIS T 7 5 5 RO PROA Y& B 78 = K 3 ARG A B 2R [, FoK 9 & (AN K PRS- Y9ME) |« 4
57K JI2 PEOA YR FE 43 51108 7.2, 22.4 ng L', AliZKNI 53508 29.1. 2.1 ng- L™, BT & FEUHEE 53501 4k T
AR B ROV R« TEAR 5 [l S AR AT 8 R pR T 2 XU SR TR XU A A 45 SR, ey . AR M
K P 2K PG K 3 PRFOA Y VG N 7.4—34.8 ng L™, B B & T H B I, X ] fE 15 24 i 25 41
7H3ﬂ:1%¢#@?ﬂkﬁ K. BRUA BRI A 3 T Ak, oA K e [R]— B 1) PRFOA R B 22 I JF AN W 25 . 5001

SRS A AL T BN T BOGAR P T %A S B0 PFAAs AUk B8 B 5 s, 3 AT 85 Y i B0 3 90
PTRA K, BT RE S Z Ak & W A G, I T BEGk SR IR R W)
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AN TR DIl A 7= e A Y B AR A ], 25 S 8045 i 2 7K rh PRAAs LA vk B A T 22 S22,
i i A K PE 2 K PFAAs AL & BL(E 3), SF/K I 17 B & Sk 3R & & 5 e CFE 3D Rk
PFOA( 72.9%) > PFHxS( 13.7%) > PFNA( 3.8%) > PFHpA(2.7%) > PFOS(2.0%) = PFHxA(2.0%) >
PFDoDA (1.8%) > PFBS(1.2%); #i7k 5 PFOA(77.3%)> PFBS(5.1%)> PFHxA(4.4%)> PFOS(3.2%)=
PFHpA(3.2%)>PFHxS(2.2%)> PFNA( 1.8%)> PFPeA(1.7%)> PFDoDA(0.9%)> PFDA(0.1%) . 7K1,
AP E R R H 19 PFAAs 43 20 A AE — o 2288, 38 T A5 90t & 30 A A 7K S5 /K A v
PFAAs Y20 73V FE A7 A b 2 Ve 25 5 (P<0.05), 33 15d W 8 Tif T 9t b DX 1L AR B3 | 28 K g v 4 o R AN
[Fi) 2755 15 Gk P[],

S

H

I
j

[a)

Proportion/%

Dry
Dry

= Be
E8 EF ER .
~ ~
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Rainy
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Sl S2 s3 s4 S5 s6 ST S8 89
B3 B R IX AR G K A K PFAAS 4R F 73 LE

Fig.3 The PFAAs composition proportion in surface water of diversion reservoirs from the lower Yellow River during rainy
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2.2 A4 GUbE SE TR 43 B

AW FEAEA H PFOA Y Y5 A 0.9—37.6 ng- L', ¥J{A 11.4 ng- L', REASHE I 1 ] N e 200 4
Sbe LR . IR = B AT A& AT A DG T PFAAs 19 2 /K R 5% 7 A o, (R 16 KR 7K B4 4 fE ) (GB
5749—2022) Kt 53¢ A HELE T A TE KKK TS 5 45 br 2 - R R BR {H 4 0.00008 mg L. A58 if 5
FEA T PFOA e B 31K FiZ BRAA.

N 4 AT LA W, E R W X 5 0 5 PFOA ¥R JE 5 HAB R I /Y Bl 7K 5 YLk A 25 5
b DA 22, AN TRYIK ZERE . T3 080 L TR B2 i . P, 25 KR Lake Maggiore (975 Y /K F-AH 24, (KT 5%
THIH . R, B KT H L §#[E Lake Shihwa. ti FABFIE AU % )2 7K b PFAAs B IR IE AT T
D78 AT, 0 AT PFAAs FE7K PRI B 7 1) Ve B 25 55 I Ui B 0k 4 1 Wi B 5 0 B0 55 7 TTFRIF5E , 16
JC AT 6B 5 | B K e rh 2 SR SRR 1915 YL R B, AT 4255 IR AT JRAH OG5 TAE.

R4 AFEBIFRXWIZEK I PFAAs LA

Table 4 Comparison of PFAAs in surface water of lake reservoira from different regions

Sa:;)ﬁlz(ﬁter PFOA/(ng L ) lfj:fe%rii\s

IS B EEAK 0.9—37.6 ASBHTT
AREHIK 2.04—2.68 [26]
T R B 0.459—12.7 [14]

UK R 0.29—7.3 [27]
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e 4
BRIT = F IR K 2.15—26.70 [28]
T B W O e Tk e ) 0.52—3.61 [29]
9% Thi) 7.6—81.34 [30]
Kb 16.9—39.7 [31]
HLib 17.1—33.3 [32]
i BE 1) 3.22—8.53 [33]
st 6.25—12.39 [33]
R PR 1.16—49.87 [21]
Lake Shihwa (%fi[#) 50—62 [34]
Lake Maggiore CEAF]) 1.8—2.9 [35]

2.3 PFAAs & & 57K S E A M A

X RIS HB 2R KT 50% 1 PFAAs 5 pH. TOC, I 8.5 8 Flviy L3S bR E4T Spearman A
KPEAIHT. ST R IR, F2 K (18] 4a) PEOA FIY PFAAs 5 VA f# 4 (DO) S A AH X, W] BB i TIA A
FEEA T HUE WK R PFAASEY; 5 UV,sy 52 IEAH G, Zhang 5507 85 Hi7 38 [l b 24 J6 78 57 18 532 + 3
PFAAs AT Bk, EORHI5 YL AT, 38 o b AR s A5 4% 5 TOC 255 A C, nTaES 4
KK SR BEA O 15 pH. LY. &b, fiREh . B SR A A K.

HERM XA
Correlation Correlation
o coefficient b coefficient
1.0 1.0
PFOA PFOA &
08 prnA s [ 038
PFHxS | -01
prrxA (o oss [l

0.6
Y PFAAs [l 70.089- PFHxS | 03 -012 0.086-

0.084 . 0.073 0.4 PFHpA [ .0.0074 04
0.6 5 0.035 0.2 PFBS M.o'mu- 02
=il n ' . ' SPFAAs [ . 028 M- '

-0.062 037 013 025 0.3 0 pH | 023 00so 015 -018 019 018 0.21 B 0
DQ |01 025 -014-000260.11 036 -o.owE.
0.0066 0.062 0.019 018 011 -0.19 S| F—0.2 -02

Fluoride ﬁ 028 017 -0.052-0.33 ‘-0.36 .ass‘ 03 -
0,059 . 0028 029 031 036 .0.034

-04 Chloride [033 0.14 0.15. 03 028 033 -0.11 021 02 -0.4

Fluoride

Chloride

Sulfate |-

TOC [-023 032 -0.21 -0.0094 037 -0.19 038 - Sulfate |-0.15-0.036 -0.11 027 0.048 0.022 -0.15-0.093 039 .
0.6 0.6
Uv2s4 . I N | oo: 02 002 TOC [os1 o.ls.aooz.' 0.4 -0.067 018 0.3 aoss-o.oss:

-0.8 UV254 0079 037 011 . 027 -0.026-0.049 0.21 -0.19 0.07 . 0.1 [0.46 \ -0.8
Conductivity [-0065 03 -00085-032 -011 013 039 -0.16 .0.042 i 0C0nductivity 011 015 .a-ou -0.034 -0140.0049 025 &19.. 0.17 -0.19 81 10
& > QO ¥ ¥ 9 C > - S Y O & & & . RS

ST IOFIFF & SETETET IO SF S
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Fig.4 Correlation between PFAAs and water quality parameters in the (a) rainy and (b) dry periods
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Fig.5 The RQ of PFAAs in surface water of diversion reservoirs from the lower Yellow River during rainy and dry periods

3 458 (Conclusion)

I FFE S AT EOT T WL DX L AR 19 Ab 51 BEOK R IZ K 17 Fh 4 SiU0e 5618 1V B, IF 04T XU
A, 75 1 LT 2518

(1) 19 2Rkt R 2K P K PFAASs, 8 PFOA R34 5. 22K 17 Fh 2 e 2L 0 Bk
IR FEIN 1—55.7 ng L', 7EE N AME TG LKF.

(2) FHEE Ml R I, 51 K PFAAs 1 2 2 ANIR TS Y 5 /K B A K R H R bR 2 & VR FH I
ghIL, L, 5 H] PEFAAS (975 Y K R 5 2R I A F- B

(3)PFOA. PFNA. PFOS. PFHxA P45 KUK P 25 8 ks, A P JRUBS: 08 (LG8 1 T 1, #8000) T i b X
%51 K PFAAs B85 XU B2 1IK.

H T K7 PFAAS ik = Tl JC 8800 e BE 2280, R BEAS 3| 47 PFAAs B PR BT XU, 1 K25 18 2 F
15 YT BB R 1B A PRBE RS . L Ah, AR X G /K PR R Z K, R T A5 1 BRI, 1 R T J /K AH K it
FRAH R PFAAs (75 44045 . XM AL 4507 T BF 9T . I S0l F5 42 X6 1 PFAASs 765 ] B 7K )% Hh 19 224 3 i
18 23 A SR AT 1, #E— L HR W] PFAASs 75 5| 87K e v 1 15 YU AiE 5 A 28 T 48 XU

2% 3 HR (References)

[ 1] SUNDERLAND E M, HU X C, DASSUNCAO C, et al. A review of the pathways of human exposure to poly- and perfluoroalkyl
substances (PFASs) and present understanding of health effects [J]. Journal of Exposure Science & Environmental Epidemiology,
2019,29(2): 131-147.

KRBT, e 1 R, IS B, 4. U TR 0 X R BR3P 42 AL S W B 3 A R D], BR 4K, 2020, 39(5): 1192-1201.
ZHENG Y, LU G H, SHAO P W, et al. Level and distribution of perfluorinated compounds in snow and water samples from the

=k gt Py

1 g


https://doi.org/http://dx.chinadoi.cn/10.7524/j.issn.0254-6108.2019081506

4336 7N 54 1t

3

2%

[4]

[5]

[6]

[7]

[8]

[9]

L10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

transition zone in eastern Qinghai-Tibet [J]. Environmental Chemistry, 2020, 39(5): 1192-1201(in Chinese).

REM, X5, ZAKARI Sissou, % 2 BRI BTE W S TTARY) HH e R ML (0], 3R B4k 2%, 2016, 35(5): 850-857.

SONG Y M, LIU H, SISSOU Z, et al. Transport behavior of perfluorinated sulfonic acids in sandy sediment [J]. Environmental
Chemistry, 2016, 35(5): 850-857(in Chinese) .

BEMCUC, TOCKE, SR, 55 . R 1 32 2 e K 4 SjUbE 2k Ak 5 W75 YK -F Ko A W5 D). WA BRI R 27, 2018, 37(2) 1 252-
257.

XUE H H, DING G H, ZHANG N N, et al. Study on pollution level and distribution of perfluoroalkyl substances in surface seawater of
Dalian Bay [J]. Marine Environmental Science, 2018, 37(2): 252-257(in Chinese).

LA RO, B AL, A TR ) A0 b A Sk B L B W TS YL RRAE B A B RURS: (7). PRBE Ak 2%, 2021, 40(4): 1011-1019.
MA M Y, ZHAO X R, SHEN J S, et al. Pollution characteristics and health risk of perfluoroalkyl substances in fish from Dongting
Lake [J]. Environmental Chemistry, 2021, 40(4): 1011-1019(in Chinese).

LORENZO M, CAMPO J, FARRE M, et al. Perfluoroalkyl substances in the Ebro and Guadalquivir River Basins (Spain) [J]. Science
of the Total Environment, 2016, 540: 191-199.

HAN W C, GAO Y, YAO Q, et al. Perfluoroalkyl and polyfluoroalkyl substances in matched parental and cord serum in Shandong,
China [J]. Environment International, 2018, 116: 206-213.

ZHANG Y, MUSTIELES V, SUN Y, et al. Association between serum per- and polyfluoroalkyl substances concentrations and common
cold among children and adolescents in the United States [J]. Environment International, 2022, 164: 107239.

LIU B L, ZHANG H, YU Y, et al. Perfluorinated compounds (PFCs) in soil of the Pearl River Delta, China: Spatial distribution,
sources, and ecological risk assessment [J]. Archives of Environmental Contamination and Toxicology, 2020, 78(2): 182-189.

FANG C, WU X L, HUANG Q S, et al. PFOS elicits transcriptional responses of the ER, AHR and PPAR pathways in Oryzias
melastigma in a stage-specific manner [J]. Aquatic Toxicology, 2012, 106/107: 9-19.

ZHOU J, L1 Z, GUO X T, et al. Evidences for replacing legacy per- and polyfluoroalkyl substances with emerging ones in Fen and Wei
River Basins in central and Western China [J]. Journal of Hazardous Materials, 2019, 377: 78-87.

NI, K [, HH, A K TLR R AL A s Y S B S AR SO (], IR 4R S B, 2020, 12(5): 58-67.

ZHANG Y Q, ZHANG A G, CAO L, et al. Contamination status and ecological effects of perfluoroalkyl substances in the Yangtze
Basin [J]. Environmental Monitoring and Forewarning, 2020, 12(5): 58-67(in Chinese).

LI F S, SUN H W, HAO Z N, et al. Perfluorinated compounds in Haihe River and Dagu drainage canal in Tianjin, China [J].
Chemosphere, 2011, 84(2): 265-271.

CHEN M, WANG Q, SHAN G Q, et al. Occurrence, partitioning and bioaccumulation of emerging and legacy per- and polyfluoroalkyl
substances in Taihu Lake, China [J]. Science of the Total Environment, 2018, 634: 251-259.

XA, FOGHH, S, S A oK B Tl 5 JLIRAIET (1), b [ BRI, 2021, 37(3) : 18-27.

LIU H Z, WANG G Z, MA J, et al. Water quality status and industrial pollution sources in the Yellow River Basin [J]. Environmental
Monitoring in China, 2021, 37(3): 18-27(in Chinese) .

e, R 2, AT, A S PP R G R N B A/ 2 SRBE RE AL S W R 2 A B ek (D). BREERLE, 2019, 40(1): 228-238.
LIQ L, CHENG X H, ZHAO Z, et al. Distribution and fluxes of perfluoroalkyl and polyfluoroalkyl substances in the middle reaches of
the Yellow River(Weinan-Zhengzhou section) [J]. Environmental Science, 2019, 40( 1): 228-238(in Chinese).

TR, B, BRACHE, 55 T5TRR 2% B o AR (3% - o R B335 125 I 2B W AR AR 1R 2 ik & 9 (0], 2R BFSE, 2020,
49(2):272-279.

WEN X, LYU J, CHEN Y Y, et al. Determination of 11 perfluorinated compounds in drinking water by solid phase extraction-ultra high
performance liquid chromatography tandem mass spectrometry [J]. Journal of Hygiene Research, 2020, 49(2): 272-279(in Chinese).
LIUJC, LU G H, XIE Z X, et al. Occurrence, bioaccumulation and risk assessment of lipophilic pharmaceutically active compounds in
the downstream rivers of sewage treatment plants [J]. Science of the Total Environment, 2015, 511: 54-62.

HOKE R A, BOUCHELLE L D, FERRELL B D, et al. Comparative acute freshwater hazard assessment and preliminary PNEC
development for eight fluorinated acids [J]. Chemosphere, 2012, 87(7): 725-733.

A BT L W R T K PR K A b A AL & W AP AR B XU EAR (0], 1k R, 2021, 40(1) - 54-59.

JIN L. Risk assessment and occurrence characteristics of PFCs in water body of taipu water source in upstream of Huangpu River [J].
Water Purification Technology, 2021, 40( 1) : 54-59(in Chinese).

At B, /NG, s, SOV U P B K AR A AL W S SRR AE B XU A (D). AR AR ER R AR, 2019, 28(11)
2266-2272.

DU G Y, JIANG X P, ZHUO L, et al. Distribution characteristics and risk assessment of perfluorinated compounds in surface water
from Chongging section of the Yangtze River [J]. Ecology and Environmental Sciences, 2019, 28(11): 2266-2272(in Chinese) .

L L, S, S SN FOE WA R)Z K 5 UURY T 2 AL G WA TS QRRIE K XU PRAR (D). FREE 12, 2021, 40(4)
1193-1205.


https://doi.org/http://dx.chinadoi.cn/10.7524/j.issn.0254-6108.2019081506
https://doi.org/http://dx.chinadoi.cn/10.7524/j.issn.0254-6108.2016.05.2015112706
https://doi.org/http://dx.chinadoi.cn/10.7524/j.issn.0254-6108.2016.05.2015112706
https://doi.org/http://dx.chinadoi.cn/10.7524/j.issn.0254-6108.2016.05.2015112706
https://doi.org/http://dx.chinadoi.cn/10.7524/j.issn.0254-6108.2019112905
https://doi.org/http://dx.chinadoi.cn/10.7524/j.issn.0254-6108.2019112905
https://doi.org/10.1016/j.scitotenv.2015.07.045
https://doi.org/10.1016/j.scitotenv.2015.07.045
https://doi.org/10.1016/j.envint.2018.04.025
https://doi.org/10.1016/j.envint.2022.107239
https://doi.org/10.1007/s00244-019-00674-1
https://doi.org/10.1016/j.aquatox.2011.10.009
https://doi.org/10.1016/j.jhazmat.2019.05.050
https://doi.org/10.1016/j.chemosphere.2011.03.060
https://doi.org/10.1016/j.scitotenv.2018.03.301
https://doi.org/10.1016/j.scitotenv.2014.12.033
https://doi.org/10.1016/j.chemosphere.2011.12.066
https://doi.org/http://dx.chinadoi.cn/10.7524/j.issn.0254-6108.2020072404

12 ] VISR AT BT el X 5 | B KR 2 K v A SRUBEHE R 1Y 23 A AR AE 5 XU AT A 4337

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

ZENG S Y, YANG H B, PENG J, et al. Pollution characteristics and risk assessment of perfluorinated compounds in surface water and
sediments of Caohai Lake of Guizhou Province [J]. Environmental Chemistry, 2021, 40(4): 1193-1205(in Chinese).

WANG S Q, LIN X P, LI Q, et al. Neutral and ionizable per-and polyfluoroalkyl substances in the urban atmosphere: Occurrence,
sources and transport [J]. Science of the Total Environment, 2022, 823: 153794.

SO M K, MIYAKE Y, YEUNG W Y, et al. Perfluorinated compounds in the Pearl River and Yangtze River of China [J].
Chemosphere, 2007, 68(11): 2085-2095.

SR, BT R, AT, AR ERIEVL (LM BORIZ K A2 AL G W 1 5k B KT B ok A RHAE [, FREERLA%, 2015, 36(12) : 4471-
4478.

ZHANG M, TANG F L, YU Y Y, et al. Residue concentration and distribution characteristics of perfluorinated compounds in surface
water from Qiantang River in Hangzhou section [J]. Environmental Science, 2015, 36(12): 4471-4478(in Chinese).

%, DRI, TR, AL ROIRORE i - I BT % v I s AT 1 Bkt 2 s A il g (). AL, 2012,
31(1):147-153.

LU G H, SHEN Y T, HE J, et al. Preliminary study on perfluorinated compounds in waters from the Yellow River Estuary area by
utilizing liquid chromatography-mass spectrometry/mass spectrometry [J]. Rock and Mineral Analysis, 2012, 31( 1) : 147-153( in
Chinese).

F&ZE, KW, e, 55 BRYIDK ERERIZ K LG W 00 43 A RHAE I, REERE22, 2014, 35(6) : 2085-2090.

WANG X X, ZHANG H, HE L, et al. Distribution of perfluorinated compounds in surface water of Shenzhen Reservoir groups [J].
Environmental Science, 2014, 35(6): 2085-2090(in Chinese).

SRR, R AE, TOAE I, S BRVL = A U R VD K R 4 B R RN A S S R V5 e BRI A (], SRR A4, 2017, 36(12):
2600-2608.

ZHANG J J, XUE X Y, HUANG C S, et al. Survey of perfluorooctanoic acid and perfluorooctane sulfonate in surface water from
Tongsha Reservoir of Pearl River Delta, South China [J]. Environmental Chemistry, 2017, 36(12): 2600-2608(in Chinese) .

SR, BT R, BT R, & T W G VLK PR )R B K th 2 AL & W 19 3R B KT K A R AR O A L2, 2020, 32(2):
337-345.

ZHANG M, TANG F L, CHENG X L, et al. Occurrence and distribution of perfluorinated compounds in surface water of Lake
Qiandao(Xin'anjiang Reservoir) [J]. Journal of Lake Sciences, 2020, 32(2): 337-345(in Chinese) .

BRI, R, MR, & I SR E KGR Y b 2 R A A W KAE R AE | Ok IR M f R XU TG (7). BRIE A, 2022
43(7):3562-3574.

HUANG J H, WU W, HUANG T'Y, et al. Characteristics, sources, and risk assessment of perlyfluoroalkyl substances in surface water
and sediment of Luoma Lake [J]. Environmental Science, 2022, 43(7): 3562-3574(in Chinese) .

MA X X, SHAN G Q, CHEN M, et al. Riverine inputs and source tracing of perfluoroalkyl substances (PFASs) in Taihu Lake,
China [J]. Science of the Total Environment, 2018, 612: 18-25.

PAN X, YE J, ZHANG H, et al. Occurrence, removal and bioaccumulation of perfluoroalkyl substances in lake Chaohu, China [J].
International Journal of Environmental Research and Public Health, 2019, 16(10): 1692.

B ARV I DX 2 AL B W TS G R AR R A 25 XU DAL (DD, 20 Hh R 2 o R 2 (o B 2 g DU ) el ),
2019.

LI Z. Distribution and risk assessment of perfluoroalkyl substances in lakes from the middle reach of Yangtze River, China[D]. Wuhan:
Wuhan Botanical Garden, Chinese Academy of Sciences, 2019(in Chinese).

ROSTKOWSKI P, YAMASHITA N, SO I M K, et al. Perfluorinated compounds in streams of the Shihwa Industrial Zone and Lake
Shihwa, South Korea [J]. Environmental Toxicology and Chemistry, 2006, 25(9): 2374-2380.

LOOS R, WOLLGAST J, HUBER T, et al. Polar herbicides, pharmaceutical products, perfluorooctanesulfonate (PFOS),
perfluorooctanoate (PFOA), and nonylphenol and its carboxylates and ethoxylates in surface and tap waters around Lake Maggiore in
Northern Italy [J]. Analytical and Bioanalytical Chemistry, 2007, 387(4): 1469-1478.

BEor A, R ERD], S, B, 1RO S A ML A LA AR TR A L (], PREERE R S 0K, 2004, 27(1): 11-12,110.
XUE X J, ZHOU Y M, WU M, et al. Screening of dominant strains of degrading organo-fluorine compounds [J]. Environmental
Science and Technology, 2004, 27(1): 11-12,110(in Chinese).

ZHANG F S, WANG Y L, WEI Z, et al. Perfluorinated compounds in a river basin from QingHai-Tibet Plateau: Occurrence, sources
and key factors [J]. Ecotoxicology and Environmental Safety, 2021, 228: 113043.


https://doi.org/http://dx.chinadoi.cn/10.7524/j.issn.0254-6108.2020072404
https://doi.org/10.1016/j.scitotenv.2022.153794
https://doi.org/10.1016/j.chemosphere.2007.02.008
https://doi.org/10.3969/j.issn.0254-5357.2012.01.020
https://doi.org/10.3969/j.issn.0254-5357.2012.01.020
https://doi.org/http://dx.chinadoi.cn/10.7524/j.issn.0254-6108.2017031702
https://doi.org/http://dx.chinadoi.cn/10.7524/j.issn.0254-6108.2017031702
https://doi.org/10.18307/2020.0204
https://doi.org/10.18307/2020.0204
https://doi.org/10.1016/j.scitotenv.2017.08.235
https://doi.org/10.3390/ijerph16101692
https://doi.org/10.1897/05-627R.1
https://doi.org/10.1007/s00216-006-1036-7
https://doi.org/10.3969/j.issn.1003-6504.2004.01.006
https://doi.org/10.3969/j.issn.1003-6504.2004.01.006
https://doi.org/10.3969/j.issn.1003-6504.2004.01.006
https://doi.org/10.1016/j.ecoenv.2021.113043

	1 材料与方法（Materials and methods）
	1.1 标准样品与试剂
	1.2 样品采集与制备
	1.3 样品测定
	1.4 风险评估方法

	2 结果与讨论（Results and discussion）
	2.1 黄河下游地区引黄水库PFAAs含量水平与分布特征
	2.1.1 PFAAs种类分析
	2.1.2 PFAAs含量分析
	2.1.3 时空变化分析

	2.2 典型全氟烷基酸分析
	2.3 PFAAs含量与水质参数的相关性分析
	2.4 PFAAs环境风险评价

	3 结论（Conclusion）
	参考文献

