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Abstract; Perfluorinated compounds (PFCs) have received extensive concerns due to their persistence, bioaccumu-
lation and toxicity in recent years. Previous studies about the PFCs contamination in China mainly focused on the
wastewater, river water or lake water, which contain relatively higher PFCs concentrations. Very limited data about
the situation of PFCs in groundwater is now available. In the present study, 26 groundwater monitoring wells from
six areas of Beijing were sampled and investigated for the PFCs occurrence. As the result, 11 of totally 18 target
PFCs were detected in one or more wells. The dominant compounds were C4 ~ C9 perfluorocarboxylic acids (<
MQLs~42.9 ng-L") and C4 ~ C8 perfluorosulfonic acids (<MQLs~23.2 ng-L"). Based on the detected PFOS
concentrations and the predicted no-effect concentration (PNEC), the risk quotient was calculated for assessing the

associated ecological risk. The results suggest that PFOS in groundwater had no obvious ecological risk to environ-
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ment. Also the potential health risk assessment was investigated. There was no immediate health impact through the

intake of water. This study provides preliminary data about the PFCs contamination in groundwater in Beijing, Chi-

na. It might be helpful to the further studies on the PFCs monitoring and risk assessment.
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S BLAEREY PRCs [ 20 2 ik i o & i Lok,
Az T M A R A A TR
H AN A HER 25 AN R T S R
IS B BELAA TR 6L TR 2 K ), Tl RN 58 35 k) Ak
2y 8 HUGR) TRORHAR ) RS SR, B TR
PhBTRRE , 78 PR BE ol AR A, B mT i of £ W ik R
X sh AR B — 2 19 3 PR RN, PFCs #IA
JJE T PBT 25¥) Jii——H A 5 A M (persistent) | /&
W& B (bioaccumulative) F1 8 M (toxic ) fh 24 9 it 19
SRR, 2009 4F, 4 RS LA IR M HLER 24 (PFOS,
e FELH) PFCs W1 2 —) 5 A & FHREA A HL
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A B % AL BRI O B 2R, 2015 4R 55 —Fb
FEHY PFCs W) Jii——4 % 2 (PFOA) B 51 A i 1
BHREE N ZIMHE D th 20 22K e EIF IR A4 77 9T
K {# FH PFOS AHICH) 57,2006 4F PFOS 4 /= &
b 248 P IRENE(E, BEJS 0 5 AN, B8R PFOS A&
B84 BT R, {35 PFOS A6 PECs 289 i
() A= — EH A B AE 220~240 t-y ' 2012 FFR [
PFOS W AR~ 8249 170 t, HAT, 3 FE &M —2
FEr AT AE AL AR P2 AR PFOS YA

SRR FRI N B R KR E KT K
KM K JERNY AR i B PRCs
Ky, Hod PFOS il PFOA O R, & EH
PFCs i/ 7= R Z A P LEM db AR 2 a0y, HAl
A A4, T Ak, TR E T R TAEE TR
ST PRCs 1Y 3R 55 77 76 A2 B~ B 5, ¥ /KB ja
IKUVEE K R PRCs /975 YL K 32 d g 4R 1, AR
T, X6 B A X6 540 i) b R K PECs 19 47 7F
T, HEEAA ST, T I 70% AN VR FH AT 40%
FA LYk B R K, 24 0T R K LR 2
ME— P HEAOK IR, BRI, A SR S MR K PFCs
(O K ST, T i HTs YR, R IS S R K R
PFCs WS A= ZS XU DAl A B s fe it 2 2%
FETACRTHLIX Y [ SR M B 7K SCHB T | 75 Y 5 45 114 1]

ORI R R A R TEORE, AR St BUTS Y T I KT
1] 5 B IR AE R M S5 i Bt T b T KRR S R SR S RN 43
M, LIRS T fi At st b X 7K o PRCs A5 ek,

1 ## 57k (Materials and methods)
1.1 FECRAE

R 5 T 7K SCHb BT 25 A, A 9T 2 B LK 8
A7) T R TR TR 2 AR R, IR ST IR I |
5211 N 2 Wi w31 T e S S
FE SO 400 7 3 BT T8 sl B A B TS L U5 A M
B, BEFSAHUE BRSO T M A, T AR
BRI , B a2 7 I YL IR AL W43
A B 55155, e 2 6 b Bt 26 AR W 1R
AR ARE SR AR AL BACREE s A& 1 R,

2013 4% 8 H, X T B 26 HIR W I H: () b
KA R G AtE A B (5 IR) dtiz
TTRE S B (3 R K inT Hh B B (5 HR)  Kas Tl %
MRAFEBE(5 HR) 7K 2 T P VA Hr B (2 HR) & & 77 7H
Jeh(6 M), SRAEIIH) H ORI 24 °C, IEIIERY
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Fig. 1 Location of groundwater sampling sites
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RS, PR 1 TR SR AE s 5 R A — 1K
FE, R =2 A SRFE SR 1 - FEATRE S, TR
WE RS H, FECREE LS PR,
T4 C TR 3T
1.2 LR

HARYI(18 Fly . 49 T B2(PFBA) . 4 %K % (PF-
PeA) .49 CL FR(PFHXA) . 4 U5 iR (PFHpA) \ 2 L%
iR (PFOA) . &% T-M2(PFNA) 42 8 2 R (PFDA) . 4> %8
T —%EfR (PFUNDA) . 4 9 T+ — %t i (PFDoDA) | 4=
JUT IR AR £h (PFBS) |, 4 91 C 3 fifh iR £F (PFHXS) |
PR R £E (PFOS) | 4 JU 28 2L iR £ (PFDS)
AP A B i (FOSA) N - FH -4 350 2 i ik 19k fiz
(N-MeFOSA ), N-Z, %&-4 5 =¢ & fiff Bt i (N-
EtFOSA) , N-H1 JE-4> 5 3¢ ¢ fif It 5t £ B (N-Me-
FOSE) \N-Z, 34 95 37 ot fitf 19 3L £, ik (N-EtFOSE) 5
IR PN FR (RS, 13 Ff) . P C,-PFBA | C,-PFPeA | ”
C,-PFHxA ."” C,-PFHpA ."” C,-PFOA . " C,-PFNA . "
C,-PFDA " C,-PFUnDA ."” C,-PFDoDA ." O,-PF-
HxS " C,-PFOS " C,-FOSA , D,-N-MeFOSE ; 3 £
WHR(IS): " Cy-PFOS, 4l i 31 >98% , I [ il & K
Wellington Labs,

FE  HPLC 2% (35 [E Fischer 2\ #)); it Bk 2,
HPLC %% (3% Sigma-Aldrich Fluka /A ),

e A0 RE £ 3 B IG5 % Bk X (HPLC-MS/
MS) : B SOBR (2,354 UltiMate 3000(24 [ Dionex 23
FDA = PR T HR B BT A APT 3200 (&K
AB A HE]), HAE R 453 518 Chromeleon 6.80

1 Analyst 1.6.0; EL25 Z2 45 FF i [ AH 28 BU (55
Waters 2\ 7)) ; [ AH Z£ BU(SPE) /N Oasis WAX (3€ [
Waters A H))

1.3 SEER ik

A 35 V5 o FH Bk 30 2 4k g ek g K kR, 22 1R
KA ETRBORY) . B 1 L 3 UE S K EE, T 50 ng
RS, B THHIRZEZA T ,25 °C 150 r-min™ F %4k 2
h, ¥t SPE /MIARIKT 4 mL % 0.5% 247K i H i
.4 mL HEERT 4 mL &4k g Ak, KB AL s K
FELL 5~10 mL - min™ (9 3 ## oF /NE, H 4 mL 25
mmol - L™ PR BN W vp e /A T R L 25 1~2
h DR 7Ky, KU 4 mL R 4 mL & 0.5% 4
IKER) PR RV VR IR Y /N 4% DA V% VR R R MR 4 (40 °C
THIEKI)E 250 wL, A 250 wL & 4kiK, 3+ A
50 ng IS, iR iEsE 7 LR G 9%), FEmZ 022 pm JE
JeETFLUBRERT U8 BT RN R 4 C R G
{717, # HPLC-MS/MS 437,

R B AR A S 10 mmol - L™ il iR i 7K
WW, Wsh Al B S WO, 3% A O Agilent
ZORBAX Eclipse XDB-C18 #£(3.5 pmx2.1 mmx 150
mm), #3530 °C, JiiiE 0.3 mL-min™ , JEFEE 10 uL,
T BE VR S5 MR s EEA51) 40% B AH, AL 1 min ] 25
min , B A HL A9 26 MR 38 0 2= 90% , R 35 %] 32 min, 37,
RIS 2006 eI F 455 37 min,

i S5 - ML IS 25 B AL IR (EST), £ 85 L 5
B, 2 RN A 77 R (MRM),, 55 7155 %5 Ft, . -4500
V, EFIRIREE 450 C

F1 WTARESMEERER

Table 1 Specific information of groundwater sampling points
B4 P R LA FAE M I i - /m
Site name Sampling points number Well number of sampling points Depth/m
deizi g e vl
5 WR-288 WR-289 WR-290 WR-291 WR-292 20
Beiyun canal yangdi station
3B I
3 WR-293 WR-295 WR-297 20
Beiyun canal hehe station
UK L B
5 WR-278 WR-279 WR-280 WR-281 WR-282 20
Liangshui river majuqiao
Rz A BRAR A
5 WR-326 WR-327 WR-328 WR-329 WR-330 17~18
Grand canal forest park
TKAEA VAR
o . 2 WR-32 WR-34 41
Yongding river lugouqiao
EEEiie S
6 WR-192 WR-193 WR-194 WR-195 WR-196 WR-197 49~58

Livestock breeding base
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K B PEEETEH] 0~ 100 ng-mL™" AYF5IE T
VEM RIS , 2Pk [1AA5- 21 18 F H R 2t [l
FER 0.9824~0.9999 , RIZE I 2 vk By Bl , A
REFIIL MR R

FE RS I E AT RE B FIR RS R A, A
s o BT I AL 1 S R o A 1 SO bR A i, O
IR S 5 SEBRAE A () B Ak P[] ARG 0 | ] B
G3HT o BRI AHE 5 vE A5 L — A R
/b PFHXA(2.6 ng- L"), Hoft s FUAE b H AR 41
T MQLSs SRR 1, 2 B 7EARE & R A 143 M7 i
O S A BB PFCs V55, JIbRER 5 [l
H T3% ~108% , il /2 PREEAE AR W) T o T oK
1.5 XU ITH
151 AESKE A

JXUBS: 1 (risk quotient, RQ) I 148 H By b FH %%
2 0T e R B AR 28 U 0 20 PP 7 ik, RQ H
S5 1 B (the measured environmental concentra-
tion, MEC) B¢ Tl Ml ¥& 5% ¥k B (the predicted
environmental concentration, PEC)-5 Fit il JG 52 Wi 1 &
(predicted no effect concentration, PNEC) [Y Lt {H 15
), =L 1 s

MEC B PEC
RO= " pNEC M

M RO>1 I CHAFTE R ; 24 0.1 S RQ<1 I,
YONAEAETEAE RS 5 24 RQ<0.1 B A TE AU .

& E A TIA s B 45 1 T PFOS 1Y
PNEC £ % {i, % [E"" Ikl PFOS 7E % /K 1 4
PNEC 4 25 000 ng-L™", 7EI& /K 1) PNEC & 2 500
ng- L7, H AR A N /K 3785 1 PFOS 1) PNEC &
23 000ng - L™ 5 fiif 22 1R HT S i ™85 B9 B8 , 25 10 1
530 ng - L Ay PNEC fH. 7 5% 8 M 8™ W 1y
PNEC E (530 ng- L)X} AT iff 5% b X L 7K H PFOS
HEATRI A RS RN
152 (@K PN

TREHEAZ PFCs #F A AR EZE X2
— P MR LK R KR YR, Ml R K HR ) PRCs
AT POKHEA AR, B, A b Z X PRCs #E4T
25 B g B XU DFr, LA T iR K PRCs X A
IRAgRR Y5, {3 XU H (hazard ratio, HR) &
HF-#44% A i (average daily intake, ADI)55 % 5| &t
(reference dose, RfD) o & H it 52 $% A & (tolerable
daily intake, TDI)f FLAEAF 2] 40X 2 PR,

B LI S ERRE
ADI
HR = m 2)
H Y45 AR (ADD AR R .
ADI = CxV 3)

Hrfr, C 2l PFCs (¥ B (ng- L) ; V A5 H A2
PoKE(L-d"); W AEIEE (kg).

M HR>1 B IACHAEAER ;2 0.1 < HR<1 |,
INNAFAEAE XU ; 24 HR<0.1 B, A N TE KUK

PFCs {gERRE RUBS PFA 7 T A I 9 b T 26 B B
RSB Z . BT, (0 S e s pL A sl 2
BUE T — MBS 9T, 45 111 T PFOS #1 PFOA
) RfD 5 TDI 2% {8, 345 PFOS il PFOA 1Y
RfD 2% {43 %]} 80 ng-kg' - d" Fl 200 ng - kg™
d', 35 [ 45 4 PFOS il PFOA ¥ TDI 2 % {8 43 5|
} 300 ng-kg™ d'F13 000 ng-kg” -d"; BREEZS H Y
TDI %8 H 9 [ k% — £, 4393 150 ng-kg™' -d”!
(PFOS)AI 1 500 ng-kg™ -d"(PFOA), T[4 i} PFOS
f) TDI 2%t 4 100 ng kg™ - d"2  AHF9 35 FH A ™
HF) RID 2% {4 80 ng- kg™ - d' (PFOS) Hl 200 ng -
kg - d"'(PFOA)EA T4 At Bl KU I

2 ZR 5712 (Results and discussion )
2.1 BEAKRIG YLK

ST X T 7K PFCs (3 AR5 4L ok S Rk
HABRANER 2 FTm, 18 R B AR®H Y 11 Fh e R
IKEARFRE R, FEIGYYH 4~9 Mk
L IIRIR(SMQLs ~42.9 ng- L™ 4~8 R4 Ak
FfR(<MQLs~232 ng-L™"), 34 i /b FOSA(<MQLs~
1.8 ng L), 7£ 26 IR Wil I, PFBA PFOA ,PFNA
F1 PFOS 4 # 4 1 19 £t % 2 100% , PFPeA |
PFHxA .PFHpA #il PFBS DU F 4 f (1) Kt R AE 77%
Ph b B KA A 34 5K K2 ) PFUNDA | PFDoDA |
PFDS .MeFOSA EtFOSA \MeFOSE 7l EtFOSE

P 3ILRT CLHREE AN ) [ SR sl DXl K
PFCs (5L K-, Fh I 495 SR ] A 4% [ 52 /41X
K H () PFCs {5 Y1 L) 4~ 9 Bk 1) 4= RUR R (PF-
BA .PFPeA PFHxA .PFHpA .PFOA & PENA)F 4~8
AR 4 F8U ik 2 (PFBS . PFHXS & PFOS) M . M
G D RS HH AR 3 5 1T 43 BT, A6 T b DX K
PFCs 15 4« /K 5408 B AL 3% FL 7 515 55
XAHIE , PFCs &9 ik B 2 R+ JLal L+ ng- L7, 4
~9 DERAYASFIRTR AN 4~ 8 AN 1Y 4> RURH TR (19 46
RLMET0% UL,
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Table 2 Contamination of perfluorinated compounds (PFCs) in Beijing groundwater

YK B A(ng - L)

Hr . o A9/ % FEE R/ (ng- L)
PFCs Concentration/(ng-1.") Detection frequence/% MDL/(ng-L™")
FHE Mean  f/ME Minimum % K{H Maximum
PFBA 7.7 <MQLs 429 100 1.0
PFPeA 3.7 N.D. 18.7 92 1.7
PFHxA 6.8 N.D. 32.8 88 2.0
PFHpA <MQLs N.D. 11 81 29
PFOA 7.9 <MQLs 203 100 55
PFNA <MQLs <MQLs 6.1 100 1.7
PFDA <MQLs N.D. <MQLs 15 4.5
PFUdA N.D. N.D. N.D. 0 5.1
PFDoA N.D. N.D. N.D. 0 9.0
PFBS 6.7 N.D. 232 77 0.5
PFHxS 0.5 N.D. 34 23 03
PFOS 2.5 <MQLs 74 100 0.7
PFDS N.D. N.D. N.D. 0 04
FOSA <MQLs N.D. 1.8 31 0.5
MeFOSA N.D. N.D. N.D. 0 22
EtFOSA N.D. N.D. N.D. 0 1.9
MeFOSE N.D. N.D. N.D. 0 24
EtFOSE N.D. N.D. N.D. 0 0.2

1 NDFRME T K R ; <MQLs ZR Ik F ik E B R,

Note: N.D. means lower than the method detection limits; <MQLs means lower than the method quantity limits.

%3 AEEZR/MEXihTAH PFCs 587Kk E (ng-L")

Table 3 Contamination of perfluorinated compounds (PFCs) in different countries/regions (ng-L™)

Absg kR kE2 M mE mE HAL AAR2  REICE REAW AR
PFCs America 1  America 2 Europe France Veitnam Japan 1 Japan 2 Liaoning, China Taiwan, China  This study
PFBA 6.0(6.0) 1.0(27) 42.9(100)
PFPeA 74.0(22) 18.7(92)
PFHxA 12.0(22) 352.0(8.6) 357.8(94) 32.8(88)
PFHpA 8.1 5.0(6.0) 21.030)  46.0(4.6) 1.3(14) 20.0(88)  61.0(75) 46.3(100) 11.0(81)
PFOA 28 31.033)  39.0(66) 2 555.0(11) 4.5(36) 60.0(100) 1 800.0(98) 524 40.3(85) 20.3(100)
PFNA N.D. 96.0(28) 10.0(15)  155.02.3) 045(14)  94.0(100)  620.0(77) 047 9.7(100) 6.1(100)
PFDA 19 11.024)  29.02.0) 043(9.0) 2.0(38) 34.0091) N.D. 5.6(74) <MQLs(15)
PFUdA 15.0(0.1) 1.0(38) 28.0(51) 1.2(38) N.D.
PFDoA 29.0(0.9) 2.1(38) 7.6(62) N.D. N.D. N.D.
PEBS 6.0(6.0) 25.0(15) 872 5.201) 23.2(77)
PFHxS 17 10.0(11) 19.035)  232.0(20) 6.009) 56.0(87) 0.68 9.3(97) 3.4(23)

PFOS 192 12028)  135(48)  592.0(20) 133.0(100)  990.0(83) 0.73 76.8(94) 7.4(100)
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2R3
HAr4y FEH 1 FKMH 2 el % e} HA 1 HA 2 LT hEAE AHHFE
PFCs America 1  America 2 Europe France Veitnam Japan 1 Japan 2 Liaoning, China Taiwan, China  This study
PFDS 15 11.04.1) 4.3(25) N.D.
FOSA 43 18.0(1.0) 8.2(45) 1.3(38) 96(19) 1.8(31)
SCHR KR
[22] [23] [12] [24] [25] [26] [27] [28] [29]
Reference

TE 455 W R 1 /% s NDFR R T 4G i iR ; <MQLs Fon (R Tk & iR,
Note: Values in parentheses were detection frequences/% ; N.D. means lower than the method detection limits; <MQLs means lower than the meth-

od quantity limits.

x4 EXH[ENFPERLSUNRIIRE

Table 4 Concentrations of perfluorinated compounds (PFCs) in each sampling point

W H4hi 5 Wi B (ng - L) Concentration/(ng+ L")
Well number PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFHxS PFOS FOSA

WR-288 72 45 6.7 <MQLs 94 <MQLs  <MQLs 43 N.D. 3.1 0.6
WR-289 58 53 34 <MQLs 93 19 <MQLs 75 N.D. 38 18
WR-290 62 55 15 <MQLs 12.1 19 <MQLs 35 N.D. 55 15
WR-291 46 27 12.6 <MQLs 11 <MQLs  ND. 54 N.D. 62 N.D.
WR-292 39 1.7 19.1 <MQLs 99 <MQLs  ND. 82 N.D. 09 <MQLs
WR-293 214 18.7 3238 11 15.1 22 N.D. 14.2 27 13 N.D.
WR-295 92 38 8.8 46 13.6 26 N.D. 232 34 1.1 N.D.
WR-297 4.1 23 15.1 <MQLs 9.1 1.7 N.D. 5.1 15 1.0 N.D.
WR-326 6.7 6 2.7 <MQLs 98 1.7 N.D. 9.8 N.D. 32 <MQLs
WR-327 55 25 6.6 <MQLs 203 1.9 <MQLs 83 N.D. 5.1 12
WR-328 09 <MQLs <MQLs ND. <MQLs <MQLs NJD. 3.0 ND. <MQLs ND.
WR-329 3.1 <MQLs 19 <MQLs 118 2 ND. 118 ND. 33 ND.
WR-330 6.1 1.7 7.6 <MQLs 115 2.6 N.D. 17.9 N.D. 74 N.D.
WR-194 <MQLs <MQLs <MQLs ND. <MQLs <MQLs  N.D. N.D. N.D. 0.7 N.D.
WR-195 7.7 9.7 3.1 <MQLs <MQLs <MQLs  N.D. N.D. ND. <MQLs ND.
WR-196 <MQLs  N.D. ND. ND. <MQLs <MQLs ND. N.D. ND. <MQLs ND.
WR-197 429 41 <MQLs <MQLs  <MQLs 6.1 N.D. N.D. N.D. 53 N.D.
WR-192 <MQLs  N.D. N.D. ND. <MQLs <MQLs ND. N.D. ND. <MQLs ND.
WR-193 <MQLs <MQLs  N.D. ND. <MQLs <MQLs ND. N.D. ND. <MQLs ND.
WR-32 6.9 4 6.4 33 83 <MQLs  ND. 6.0 ND. <MQLs ND.
WR-34 59 29 4 <MQLs 57 <MQLs  N.D. 46 N.D. 09 N.D.
WR-278 114 62 27 <MQLs 73 <MQLs  N.D. 18.4 N.D. 28 <MQLs
WR-279 92 3.1 32 <MQLs < MQLs 18 N.D. 46 N.D. 24 N.D.
WR-280 115 19 5.1 <MQLs 59 <MQLs  ND. 40 18 27 N.D.
WR-281 10.6 29 74 <MQLs 73 <MQLs  ND. 8.0 3.1 27 <MQLs
WR-282 78 33 9 <MQLs 6.4 <MQLs  ND. 62 13 37 N.D.

TE N.D.FR KT 7 2K PR ; <MQLs R I8 T )7 7% 2 2 PR ; B 454 PFURDA PFDoDA ,PFDS \MeFOSA EtFOSA MeFOSE #1 EtFOSE 7¢I i
FKBEP AR I HORTE MR P

Note: N.D. means lower than the method detection limits; <MQLs means lower than the method quantity limits; PFUnDA, PFDoDA, PFDS, MeFOSA,
EtFOSA, MeFOSE and EtFOSE were no detected in all samples, so this compounds were not listed in the table.
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26 A~SRRE SUAL PRCs ARG e B 2 L 3 4 132 1R . ; . PSS
- . N N A =
TRES R T h 6 AR RBR BB G il — ==
N N, - N PFOA
D)o BB R B T 7K TR g PECs A il ik J32 PR ik b [ pron
TN, AR 2 iR, S RBEBI TR e Dreees
PFCs [F- 4 B S HAE 18.4~77.1 ng- L™ 2 ], 3 T
s \ . . U BT
EP ’ jlﬁé‘{ﬂ %ﬂ é‘fl;’j «E& PFCS S{Z‘ i’gmg /E\ﬁ% [%J , Beiyun canal yangdi station|
77.1 ng-L"; & B IR A B fIK, 2 18.4 ng- L' o VRS
iz A7 5k BL(45.8 ng- L) UK 47 BE(39.9 0 20 40 60 80 100 120
ng - L™)RIKGZ T AR AR FE B (39.8 ng - L) -39k oo,
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Fig. 2 PFCs mean concentration in six different sampling sites

3 FRRFHREALEWES LSS

Fig. 3 PFCs percentage distribution in six different sampling sites
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