


W % B 3 B TE

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2020 4F 4 H 15 H

H &

TR ST AR HLIX PMy IR BERBIERII  oovoeeeeveremesesess e XM, KARE, ZEH, X HlE, F—(1513)
FRAZE I TS 3 AR S LRI T FRIEAT  «ovvevvermeemmemmeeme ettt

--------------- B, A0, BU, 2%, BHE Bk, BB, AT, KN, AEE, IHE, AT, AT, KEA, ?ﬁugm
HTF GAM TE*'JE’]ﬁitFﬁO WRBESEMA I ZE R - veevremmrereeremm e é;é:—/J\WJ, EIS?—(Z’E, ﬂ%fﬁ, gi%ﬁ’ )3%(1535)
bSR3 6 MRS, P, P A B2 B SRR B2 SR wovveeveeeesveeveee RUF, WEHE, TA, KBk, HEH(154)
SIS I T SR S AR TR 2 T TS EATT ++veveereeersereemmeie e EWHE, BT, B, ﬁiélﬂ}’ﬁ, XIJ}’TL(ISSO)
T X ST I A IE S ST - vrevveeeveesseeeses s IH, 5%, BA%, FAE(1561)
FKEE BRK VOCs FFELAEUE LI «veeereeeeeeemene s hE, LR KB, BEE, Eﬂs««ﬁ ﬂ%ﬁ(lsn)
IR E R A WU HEUR N LRI wovveeerrenremrereenree et 24 B, e, B, RER, R EE(1582)
TR A HE R L T S TR MR AE IR o vveeveermerememmenmennme s s WEE, TN, K%, 29HF, &F, HEH(1589)
H R 5 TR R BRER A B CSIB AT wovveverrermermereeeeie ettt KE, KW, EEE, LEE, BT, Z2H(159%4)
o BRI X B AU A 2 TR B AS U oo Wk, B, RN, B8, 28, KALE, THE(1607)
JNEET A TR AR K R AL BRGNP AMT «vvereerveermeereeeemmemmeiencee s WHER, BE, TF, £F%, A% (1619)
WYL H KA UK R LG 4 B THRAI S ATREE +oovveersererseneees DR, AR, BRE, EEA, BAY, 254, TH(1629)
SR PR T R I BT IR TR oo KXHE, WEFR, HER, HRH, FHH, ZH4(1636)
0 S P A R LR BB oo KK#E, LT, 24K, THI, BREA, AKX, D4, Kk, 2EE(1648)
R K AR RES SR KT T HEFR ooeeseeeomessssosssssss T, BHE, AF, REE, Kk, SRLC(1657)
T R AT KB R B 2 K R SR AL S SIS BRI R ZE erveeermemmenmeseet sttt

.................................................................. Egﬁ,ﬂ"%,gﬁ%ﬁ,%%ﬁ,%ﬁﬁ,7]‘3)1% H}]E ?ﬁ_/\, %%ﬁ(1666)
ISR I 2 AR AL B LS A T coeeeeeeeere e A, iﬂxﬁ} %E)—c, FHF, THM(1676)
%(ﬁﬂ Jlﬂ7kﬁ{$lﬂ/ﬂfﬁ%}iﬁﬁ’fh]$$&XT&l‘(ﬁﬁi}h{ﬁkmn[’]r ..................................................................... ?ﬁ & E%* X]J%i—\(1684)
BECHE P SRR R RAE L oo TEE, £hW, Kb, BTE, BEX, KHH, 50, £H(16%2)
SRR RN BB REUOEERIEFT oo AR, BHE, WS, BR, AXE, A, FEE(1700)
USSR R PR AR AT DU ALAMEREE s WHR, HEW, TRE, KEA, B, LA(1709)
T = e 2L SRR 45 B B AR B AR AR BIRT ] v veeermeemmeemeenmeninie e R G HEE, R, BRE(1716)
Ni 757 Sb-Sn0), B FRHLT B FLEAL GBI ovvvvvevesssssvvcnnnns B, A%, EHY, REE, KEE(175)
Bt Fe0,-Cu0 ST ATRIRERR AOT oo W, A, B, HE, THE, GRS, FRE(1734)
FRIRTEA T — B LR PR IR VD BEREFIBLEL  oveeereeermemeeeemenen s FRE M, BEE, BEa, $HE(1743)
AR 2O ERULEIA/ 2 (S T R K, KTH, K, WEE, KRF, KE, KEH(1752)
FE PRI T LTS A BRPARIE +oevveerermerememene e MW, 2AM, AXB, hEX, TEE, %%(1761)
WO T 2 5 26 B R PO T ) BB oo BT BH, B, TEA, £AA, KAR(TI)
A2/0 R AR A TR E R AL B G G B weeereererrereee e XNAL, BE, RWA, ZRF, ABE(1779)
T RSB RETSK T R AB BRI oovvereeeesesssssssssnnn B, REE, B, 2%, #5, HEE(1787)
HRT Xf CSTR WA ARG TRPERERLM  -oovoeeeeerememessesis e, TAF, FEH, B, XX, KE, TH, LHE(1794)
(G HE R 2 0 e S S B B BT RAEARIE oo ko, B, RRM, BIA, EHE, AT, LR (1801)
A HRT T I5K A HLIAE ABR AR AL B S5 SR AL oo R, KAk, AR, ERF, RERK, XX, KRR (1808)
PR T PSR AR R A TS TR B AL «ovvevmevmermmrerrerren e W, B, BHE, 2, A%H1816)
P 193 MEATHLR X IR T = s lﬁﬁi@ IR weeere e

............................................. 5, UL B, B, 0T BEA, RS, BEE AR, EEE QRN RATH(1825)
SETBEBLARMIEA 102 T FIRIX BB TRIRIGI oovvsvsssssssssssssssssnsssn PHE, T, KT, £5%, FHH(1838)
NG DIGAEE SRS GIPAZS el W S V8 M | R WK, WS, A, B, BIE, BHK(1847)
PG R AT R K KRB R ZE BTG v veveveree e s e WES, R, THM, FE, RK(1855)
BT EERBIX T Cd A YA B BRI 2 vvveeeerrrerrn e EH, HAE, KA, /,T\’E‘ ﬁilﬁﬂ! ?1@(1864)
*%*??fdﬂ}& @ﬂ(*ﬁiii}% 7kfﬁ*%|%ﬁ@%fkﬂ{”‘ﬂfﬂzﬁﬁ ....................................... ;(|J Jfﬁj‘ 5}'(%‘@% % ;@715 ;\ ﬁ_‘ﬂfh, ﬁ( 1871 )
V4 4 o AT HUIERE ORS00 MURRE PE SRR Ao s BR, FEA, B, BEE, AR, REE, RHK(18%0)
KA EALEE NS AR R T BRI A BRI« oo vvenere e P g&,ﬁ;}g T 4T(1888)
RSy L RS MR (OIS RuE oy Fiitiin (e P, ERTC R, NPR, B RE, KEX(1904)
TR [ 5 S R T B F R ) P TR B SR - eveevevveeereemeeme et Wi, 2EL, FAE(1914)
MM L (R RS2 6 S SRR BT ORI v KEE, WU AR REE, EHE, TTEO02)
S0 M R S RO RL R FF RN o ovvvvveersssmrnmnn s BT, TT5, AR, PAE, REE, HU(1930)
LY SSH L R N0} € 3 e ST SH, WE, BBE, KIE, AR, A%, TF, KEA(941)
WS T3 DB T 4 ST PEBR TF  BILMHE vovveeee BRE, RBE, KOE, REE, S&, KEE(1950)
TN N T AR SR EG TS 1 5 A e T T S IR MR+ e eeeeememeeeemmne e E*%ﬁ RE , ;}Jf};ﬂ_ g&éﬁ Ak # (1960 )
L3N, O NRE J) B nosZ-1 FATIRERIBERTE B -ovvvevesesssoovee TR, BEE, BhR, BF, TRE, DAL, AR(1968)
O TS DR T T B BRI AL ZETTAE  oveeverreereermemme oot W, I (1976)
R Tl ALK RS P, B9C R HE EKC MZTE B ATERLE] oo FRA, TRR, P&, BEM, $ITK(1987)

CREREEVIEITIRF (1618)  (FRBERME)IERI R (1635) =H (1724, 1769, 1800)



41 54 2020474 H
Vol41,No4 Apr.,2020

ChsE ;7

Eco-Environmental
Knowledge Web

R

Environmental Science

B EHEREHHHREKEERANL SR Z BFFIEMR
& XU

Mtk 2, o, AR, B, mam, BRELT, e

(1. ZERFAERE S A BB, E‘sﬂﬂ 650091 ; 2. EPBlﬂ%[&uft@%fﬁﬁﬁ%#%mﬁim%lwztt?&%
bt 100085; 3. HERERE R, LAt 100049 ; 4. =EFRFEEBRHR 54 822058, B 650091)
FE . AL LA A Y (perfluoroalkyl substances, PFASs ) R BIFFE X 42, 42 A 2055 256 B R Ay v oo Y52 10 e T e it IX Sy 1
I, REET 126 /KA Je 125 3 UTRIRE i, 38 2 (76 FH A5 BRURD 85 R0ROHH €6 7% - BR 6 I 3% ( HPLC/MS-MS) /9 773, 4341 T K
TR UTRA Y 15 Fh PRASs. 25 5388, PRASs FE/K(ACRTUTRR 4 rh & 804G 1, /KA b PFASs BT &V VLK 6. 75 ~ 20 982
ng- L0 VLA PRASs & (LA T H ) JEEH 0. 229 ~53. 8 ng-g . XIS e & 0, o [ 35 W 30 7 Ak b IX KA AT AR By v
PFASs & A5 8 LU 5% PROA 4 3=, i s [l K A o U LA 5% PFBA i PFPeA A =, LAY Hh LA PROS . PFBA il PFOA A .
PFASs 7E/K R FTRR ) 1 43 Bt R 5505 U B ML G 5 8 PFASs BREE K EE A B YICHE, 15 Fb S E 9 ﬂ'ﬂ:ﬁ%ﬁ’ﬂ
TR B A LR O AP AE S HICHE (r > 0. 21, P <0.05) , Bl B A< J82 A 380 o I 28 B0 PR . A 25 XU 2T 45

S SepEN
TR E,

FeW] e B VRV T Ak DR AT TR h PFASs & BEBARBEAIR, 1 Ak 1 A0 RS 7K T (E A A )™ B Jmg T lﬂ»ﬂ,;f“éi
AT AR G P V8 A B XSS " /S &
SRR BT BT AL XA ééchA%(PFASs) elEﬂ RRAIE 5 XU I A N P
FESES. X522 XHARIEA. A iazﬁ? 0250- 3%01(2020)04 1607-12 DOI: 10.13227/]. hjkx 201910153 a4

-

Spatial Characteristics and Ecologlcal Risks of Perﬂuo’roalkyl Substances in

Coastal Urbamzed Areas of Chma«and South Korea 1 o
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(1. Sﬁhoo] of Ecology and Environmental Smence Yfnnaki University, Kunming 650091, Chlna 2. State Key Laboratory of Urban and
Regional ECOIOg).’..g' Research Center for Eco-Envirenmental S_clences Chinese Academy of Sciences, Beijing 100085, China;
3. Un.ivers%tgf of Chinese Academy of Sciences, Beijing 1(')'00.4.9., China; 4. Institute of International Rivers and Eco-security, Yunnan
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Abstract: This study concentrated on the 15 perfluoroalkyl substances (PFASs) in the coastal areas of China and South Korea, an
urbanized area with intensive human activities. In total, 126 water samples and 125 sediment samples were collected and determined by
HPLC-MS/MS. Fifteen PFASs were detected at least once in all the sites. The total concentrations of PFASs in water and sediment
"' 1020982 ng-L™" and from 0. 229 ng-g ™"
of PFASs in waters and sediments were relatively high in China, and PFOA was the predominant PFAS. In contrast, short chain
compounds such as PFBA and PFPeA played a major role in water, and PFOS, PFBA, and PFOA dominated the sediment samples in

South Korea. The partition coefficients of PFASs were closely related to the fraction of organic carbon in the sediment and the carbon

samples ranged from 6. 75 ng-L t053.8 ng-g~' (dw), respectively. The concentrations

chain length of PFASs. Among the 15 compounds, the partition coefficients of 9 were significantly correlated with the fraction of organic
carbon (r>0.21, P<0.05), and the partition coefficient steadily increased with the increase of the carbon chain length. The results
of ecological risk assessment suggested that the coastal urbanized areas of China and South Korea are still at a low risk. However, some
specific areas also showed PFAS pollution. More attention should be paid to the potential health risks.

Key words ; coastal region; rapid urbanization; perfluoroalkyl substances(PFASs) ; spatial distribution; risk assessment
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( perfluoroheptanoic acid, PFHpA) . 4 % ¥ &
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(Wellington 256528, INEE ) . HAt 52 56 B FH 1) 62
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JE/ANEE g H B BT E 15 mL %Fﬂ]‘f«%%p’%ﬁ;
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1 mily J5 , 02/ ym GHP 8 (PallA 7 56
AR EE B 1.5 mL A 6 AR (L/ﬁ%ﬁﬁ%?@
KRB A B 7, D) DR - 20 GRS
P E L. 4 a4 L~y
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P 3k 2mm 5 P90 YA AR 2.0 g 284 BRUS A9 BT
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BN s SR B O b A T R R
i s BB ICE R 2 4 ml WA T 100
mL AR AR P BE 5 K AR S A (] A 95 Ak 2
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i
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2 mmol - L™ iR ; B M. O0E) MAVEH T 177088
WM 0.3 mLemin~", FishAHELEE 4.0 ~0. 5 min,
B M LMo 20% ) ;0. 5 ~ 14 min, B AH FL i i1 20% T
F90% ; 14 ~16 min, B M HLAIRFFH} 90% . 16 min
JEHETIN 4 min posttime fifi B AHVKIE Z R IR RS AH. i
TSR E AN B4 1 L R3 500 V; TR
IR 350°C ;S BA(N,) i 9 Lemin ™' LR
JE 77 40 psi(276 kPa).
L5 Bk R ARE ol

AR BN AT ORI RE 5 35 5% B
B RRENR 5 SRR (R AT | JF 7 5250 1 53 Bt 7 s
S5 5 SRR R i, j&z%iﬂi&%ﬁﬂ@ﬂﬁé@:’%ﬁﬂ
B 2 1 LA W 5 1, S0 AR A
FP28 11, A28 FURE Rl e PR T 3l
BRI A2 ATFIS B P £ 20% ) . A M h 2 BJE
WS h 0.01 0. 054 041, 0.5, 1,5, 10, 50 Al 100
neeL ! ERHERR Z ) Bk T 0.9, Rk g
FR (limit of the detection, LOD) & N 3 1515 M HL ik
B v B BRA E N 10 174 M L MR BE . K AR b
o H B A P IR LR 60% ~ 120%, TR
fi P ELSCR 85% ~ 140% . HAK 7 ¥4 H PR | 2 R
panliEUe-an
1.6 HdEiatr

o 4> 7 K F SPSS 25, Origin 2018 #il Excel
2016 2585, 22 1] i F 2R - ArcGIS 10. 6 3. 25
PFASs ¥ FEAIK T LOD, F LOD/ 2R , 259k (A
KT LOQ M 1/2 LOQ #4710

PFASs 7K-TUFRY) 53 e 72 4508 5 FH ok S e HL7E
VROFH R [ R A I3 1) ) A5 A T o, B A 2P AR

CS
Ky = (1)
K, x 100
Koo = lf (2)
ocC

K, K, b PFASs /K-UU LY 43 2 2R 8L, ALk
L-kg 'se. MUUEM R PRASs 104 i LI P E T, 8
B Mg kg se, WAKMH PFASs Bk e Ji | B
gL Koo J 2 A HLBRAE IE 4b B S 19 PFASs /K-
VRIS BB, B M Lokg ™ 5 fo o ULALH) A,
A LB 155 1 I3 e 438
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Table 1 LOD, LOQ, and recovery of PFASs for different environmental media
X VLB
ot % P
. LOD/ng-L~! LOQ/ng-L~! (ﬁ]ﬁiS@Dq)&(};ZS)/% LOD/ng-g~! LOQ/ng-g ™! (i@{ﬁilSEqu)&(zn:G)/%
PFBA 0.20 1.0 94.4 +9.36 0. 050 0.25 89.3+6.92
PFPeA 0.10 0.30 115 +23.3 0.030 0. 080 85.7 +£5.49
PFHxA 0. 040 0.14 95.6 +5.10 0.010 0. 040 89.8 +4.34
PFHpA 0. 060 0.20 101 £10.9 0. 020 0. 050 85.6 +4.07
PFOA 0. 020 0.10 95.5+10.1 0.010 0.030 91.9 +4.17
PFNA 0.020 0.10 95.6 +4.81 0.010 0.030 87.6 £5.10
PFDA 0. 040 0.14 90.8 +7.29 0.010 0. 040 93.6 +8.21
PFUnDA 0. 080 0.20 93.0+8.23 0. 020 0. 050 93.7 £3.40
PFDoDA 0. 040 0.12 87.9 £3.57 0.010 0. 030 93.1+5.45
PFTrDA 0. 060 0.18 70.8 £10.2 0.020 0. 050 108 £15. 6
PFTeDA 0. 060 0.16 83.9 +21.3 0.020 0. 040 105 £25.9
PFBS 0. 040 0.10 103 +13.2 0.010 0. 030 120 +13.1
PFHxS 0. 040 0. 080 94.1+11.9 0.010 0.020 100 £10.2
PFOS 0. 040 0.10 87.5+19.4 0.010 (_) 030 91.1 tét:__é-@"-_._,
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Fig. 2 Distribution characteristics of PFASs in coastal urbanized

areas of China and South Korea

TR 1Y PRASs Y /K45 E BT S5 e o, e b i
AT KA T PRASs J57 itk i A Ak 1 458 i KO-, 3
JGE A 375 ~ 887 ng-L~', L PFOA .PFBA N E, 5
LTINS 2 4G B R B Al A L R B Tk
1 PFASs SEXHEE by 756 ng- L', Horfr b iaf /K
PR YR 21 3k B 5 153 933 ng- L' PFASs, 5 LU
FERIBFIE M A K TR, e PFOA [ L ik
87.4% . UL, v RN 3 T Ak DX 38 1) 46 P
T AZ B PFASs HV5 4%, 5 0 | d6 35 % & ik
Bl 05 Y b H A TR 95 Yok



4 3] Wtikas . o i

ST A DX SR (A 2 JR A 45 0 B 25 )RR B A 25 XU 1611

HEM ﬁ%f FHE T T I R A R R
TP, 3X 6 DIk A& PRASs BT & Mk EETE 112
~272 ng- L' Z [a] AR, 5 X 3 PN A7 A B
b ) RSCUR TG A G W R T S AR T A A A
R AR Ak Tl X, A b HETC A 5 KT A RS, 5 F
RN T AN, B B T H N ML X PRASs ¢
. BB T A — N AL PFASs Ji &k E 2212
ng- L~ HEMOIE A — b Ak T Bl X, FF47 76 J Ak T4
v AT UL, T A ol JE R AR T Al X X3k
PFASs M5 A H 2 DTk,

AR B KGE BN RS I R,
HHE % 75 b ik 25 10 ASITT A [ 76 06 1 6 45
SAGE BTE RIS 2P IE AP AN 4 4
AR PRASs 1Y 5T & Mk B2 1L 20,8 ~ 63.9
ng- L™ AbFHEARM K-, BB v BV 3 10 4>
PR, BB AL T AR, 32 PFASs 15 3 (i 52 M0 /8.
i [ PG I R A I 2] ) PRASS mm{ﬁu%%mm,ﬁ
W 283 ngeL”!, X AN %%mmimﬁﬁm
e I PEIE AR 4 41 PFASs ?i’jﬁ;/&ﬁmﬁﬂj\j
30. 1 63.9 ng-E~" WEARAKF, L PERA ﬁpppﬁ,a—
ﬁ%ﬁ@%%%ﬁﬁf ﬂﬁ%‘iﬁiﬁvﬂm ;%,HI L
# s E PFA,Ss M PFOS! (PFOA #‘%K%‘fﬂ@%
%m&#@m&ﬁmﬁﬁﬁﬁﬁm#ﬁ #g

UL?E%':F‘ PFASS [ 4

K, ¥ RN 4.80% ~ 96.8%, H: tf PFBA
PFHxA .PFOA .PFNA .PFDA PFUnDA PFBS # PFOS
A H R FE 70, 4% L) L. AN 3BTRS 3 T
DU PRASs & KRB, P& & (VT
Hif, FRED BRI 0.325 ~11. 1 ng'g_1 CEEME N
1.45 ng-g~'. Hr PFOA 5 PFBA b E 224 K57,
HTTHk 250 9 R 53% F1 9% . 10 4F §ij B4 BF 55
PFOA 5 PFOS 2RI B & i o i
KREIIAEY P, WA I & TR H PFOS
X PFASs 95T ik 2 B b ARG, BARA T (O fEAF /R R
IS ) B S R TR IR T AL M X PROS B AE
il P ARG 2 T 4 VR H.

IRE YR G 3 N ATURR Y PRASs 1554
HDOHHCER, 5 5P (3SR S 11,1, 3.40 A1 2.33
ng-g ", PFOA N EEALAY), T Wﬁ 69%
B L 3 3 3 /\iﬁjzfﬁqunmm'ﬁmss B
B, —ﬁﬁrﬁ%ﬁ&k* PFASs Y i 25 B HEA0RT
R 0 Bt (5 — TR DT I PRASE T
i sk ek ) %JHWVEW@W{%V\F‘B jt/@/E‘Z’f’—{

HitgK A @ﬁaﬁﬁ J&ﬁiﬁ%j,PFASs fe‘r%f@#«ﬂa’zﬁ?
A 'ﬁaeﬂu%z.% FHEL mﬁ@ﬁfzﬁwmm:-zg,
{%ﬁiﬁmﬁﬁiﬂ%qﬁﬂd PFASs oI o I,

0.602 ~1. 1o~ng g ' ZIA], S E TG g Kl /b

IGES SN S BRI L PROA S AR,

’:@Lf Yyt 15 fﬂlﬂmﬂt/\%i’aﬁﬂ‘?ﬂﬁgyf SRS A Y PRBA PFBS Il PROS 37 g SR

12

#rlit/ng-g™!

B rrDs
B rros
B rriss
] prBs
[] pFTeDA
E eprTiDA
Il rrooba

B rrunpA

[l rrpa
Il rrNa
[l rroa
Il rrupa
[ pruxA
[ prrea
B rrBa

¥ o=
.

e
Bk il
AR

Jit g

B3 B SRESTUREARETRRY S PFASs HEE

Fig. 3 PFASs in sediment samples around the coastal urbanized areas of China and South Korea
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Fig. 4 Composition of PFASs in water and sediment samples around the coastal urbanized areas of China and South Korea
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