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LR (PFOA) | 25 TR (PFNA) | & F % R
(PFDA) | 23 | — @R (PFUnDA) | & 5 | =R
(PFDoDA) | 4= % 1+ = 2 ( PFTrDA) | 4 % 1 /U 2
(PFTeDA) | 2= 5 /N2 ( PFHxDA ) | &% | /\ iR
(PFOcDA) 436 T B i fR £F (PFBS) | 49 C b itk
fik 4l ( PFHxS ) D) Jz PFOS Fi 4> 4R 2% %o ik 1k 40
(PFDS) 4 J& 4 5 #E," C, PFBA, "C,PFHxA
“C,PFOA " C, PFNA " C, PFDA | " C,PFUnDA " C,
PFDoDA .*0,PFHxS 1" C,PFOS [TR & k¥ [
fin& K Wellington Laboratories /3] o

e R (LHRE 97% ) 25% (V/V) & /K FES TR
(2l 99.9% ) ¥ H Fluka /A 7], HEE(HPLC 41)
A A RRAF
1.2 FEECRAE

SREETUM VH 2 M BRI U AR I
T FTER AR b X 13 (n =31) MK (n=15)
F R 7K (n =50) FE §h o H1Z K Bk /D 3t 3 7K 4h,
FERENIK . — D HIXPEHL 2 ~3 448 (HER S, iR 4
LI X R AERFE AN BOR A A |, DACRTIE A 235 5 1 v
Witk TR REEBIMKFE ST 4 CHEEEZ 0T o
1.3 FERTTER Sk

HHERES TGS L 60 Hif, 1 ¢ L3EF
50 mL N B L A S mL F R G 345,
35°C #8730 min J5 L4 2000 t/min B.0> 8 min, FIHHK
HREERNBELER, PRdEER 3 K, 57
15 mL 3§, 2/ &R 0.5 mL A2 47,3 0.22
p A AU e B g s (2 A L F BRI

JKBE A WAX [ AH 25 BUKE (6 cc, 150 mg,
30 pm, [E Waters 24w ) #EAT[HAHZL B, #5050
i Milli - Q 7K, SEJ5 4 mL 0. 1% Fy 2K - H
PSR PR I MLl — Q 7K X [ AH A8 ORE 2R A7 76 Ak
0L 500 mL 7K EELRL 2 ~ 3 3%/ R (10 B 1E 4T 2E B, LU
4 mL 25 mmol/LESIREE 2% v (pH =4 ) Wk Pk /A,
PLEBRA, SR )G B D BRK, A 4 mL HEEAT 4 mL
0. 1% /K - H B RGE IR AF I o o 0 vk 1 v 4
ASREL mLG FHLINE
1.4 Y28 Ko b it
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- HLIE 25 67 25 1 ER R BT ( APT 4000 , 3 [5] Applied
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A 10 WL, 78 50 mmol/L R B — H Bt W (1A
F 2 8) atalAH T A BEVENE 20 min, JiiE 300 pwl/min,

— 580 —

FER 40°C . HEMEZS HL Ik 4000 KV, B R 60 B
TR, B IR 350°C s AT UR ST 1.0 MPa, %5
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The detection limits, recoveries and the detection rates

Table 1
of PFCs in soil and water samples from the rural areas

in eastern China

Fi ik R A (% )
a8y | e ke
(ng/g) (ng/L)
PFBA | 0.05 0.2 [57.8 92.0|97(30) 87(13) 60(30)
PFPeA 0.1 0.4 [60.1 91.5|94(29) 67(10) 28(14)
PFHxA 0.1 0.4 [59.5 89.2|87(27) 100(15) 32(16)
PFHpA | 0.25 1.0 |62.6 90.6|77(24) 87(13) 34(17)
PFOA | 0.05 0.2 |73.8 85.9(100(31) 100(15) 58(29)

PFNA | 0.05 0.2 |71.2 96.190(28) 100(15) 36(18)

PFCAs PFDA | 0.25 1.0 |66.5 85.3(97(30) 60(9) 22(11)
PFUnDA| 0.1 0.4 |69.7 82.1(100(31) 20(3) 10(5)
PFDoDA| 0.25 1.0 [62.2 67.3|81(25) 0(0) 0(0)
PFTrDA | 0.25 1.0 | 51.5 41.5|87(27) (1) 2(1)
PFTeDA| 0.1 0.4 |59.6 28.3 |65(20) 7(1) 6(3)
PFHxDA| 0.1 0.4 |84.7 86.6|90(28) 0(0) 0(0)
PFOcDA| 0.1 0.4 |88.8 58.0(81(25) 0(0) 0(0)

PFBS 0.25 1.0 | 65.8 93.5|42(13) 40(6) 24(12)

PFHxS | 0.25 1.0 [69.5 95.8|45(14) 47(7) 10(5)

PFOS | 0.25 1.0 |[72.0 96.1|71(22) 67(10) 16(8)

PFDS | 0.25 1.0 | 61.7 75.7|90(28) 7(1) 2(1)

AR S R R A B R

KR (% )

T KK | B HEK HTFK

PFASAs
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2.1 LEh A AP K S A SRR AE

W ZR 30 8 AN A [ i X A b HERE f ep 17 A
PFCs #pif i (£ 1 A 1a) , #5010 &P 094
RE T 80% , T iEH FEAFAEN PFCAs iy PFOA |
PFDA Fl PFBA, ¥4 0.34 ~14.5 .0.03 ~ 1. 18 Al
0.15 ~0.52 ng/g, HJ{H 2. 51.0.32.0.25 ng/g.
PFASs DL PFOS 3=, #e B4 0. 02 ~0. 08 ng/g, ¥I{H
0.1 ng/g. 5 Yef)™ 1Y 27 ZHLIX , PFCs YK B
19.9 ng/g, B ARH K IREER) 3.7 ~24.7 %, | &
BT Ye Y2 PFOA (14,5 ng/g) % i PFCs WY
TRk R 73% o 5 B X 32 5 AL Tk (5% i, PFOA
W TR AT RE R M AE PRCs 4= 7= B 824k b PFOA
AR E R E Y . SRMIAHESE b i) At b X A,
WA E] L HE b PFOA Y [ PFOS B4, X Y
BRVL = A1 U M X - 358 vp iz 8 1% 50 AH [ (PFOA
0.15 ng/g,PFOS J0.49 ng/g)*' . PFOS 1 445 p
(I — W e R (K,) H PFOA &, i PFOS B %%
Sy e ORI B AR Hh T b A 1 2 B
KR, TR 7K o PFOA ¥k BE — i L PFOS &7, 4N
FEZR M X [ Y PRCs 2355 PROAMN | FiF A&7 A
+ e PROA ¥k B A B EE PROS Sl 4 .

B H K HE L X A8, 3R PFCs ¥k
BB WAL, 5 EH A X 3 PFCs 248
MIEG, % 24+ 3 PFOA W E s b o™
LR T K IER S . % 3 PFCs )% (1
{H.0. 89 ng/g) WEAR T SCHRHRIE P T] 7 35 X 1 48
(#9{H1.22 ng/g) "

2.2 WK A AL AP K S A AR

HE 2R K 6 A L X A R K UK H PRCAs Al
PFASs [N 1b iR, WRIER T PFCAs fbG
#1°}7 PFOA PFHxA Fl PFBA 4354 4.8 ~29.6.0.73
~31.8.nd ~6.1 ng/L, ¥J{H 17.8.7.6.3. 0 ng/L,
PFASs 2L PFOS g 32, fE AR X R 354 46 s, vk
Ji£%g nd ~7. 1 ng/L,3{H 2.9 ng/Lo 17 FhE5IfL A
Yy PFDS J K45 PFCAs(C10 ~ C18) ZERFST 5 A% i
HRE R ARAR A S 22 AR A Y, PFTYDA (PFTeDA 2 7
INZRZR XA o 3 i1 X Hi 3 /K oG s PFBS,
IR TR RN BT R B IR A, e
Pk R PFCs Sk Ry 1.6 ~42. 1 ng/L, ¥J{H
16.4 ng/L K TR B (170 ng/L) ™ Rk ik
(66.6 ng/L) ", 8 A Hl X A i) i Fe K Hf PFCs [
R E g S AR T R

2.3 WP KR ATRAL SRS K - AL FAIE
B S DA, A S 3 XCH T 7K 7 PRCs 7R
P A i PR ASE RN IEAR 5 (P 1) o il T3t
KR TFARRS AL B A B R G, PRCs g 220 — 24
BARAREHEA , HH AR, 7K SCH B % o A el
[N PFCs W B B o fift (9 1 Dl B & Al K 6
PFASs(C11 ~ C18) JLP- A i, ¥RIEE Ei 9 PFCAs
{44l PFOA PFHXA \PFBA, 435124 nd ~ 176 .nd
~50.1,0.08 ~16. 1 ng/L, ¥ {E % 30.7.8.6.3.2
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Fig. 1 Geographic distributions of total concentrationd of major

detected PFC compounds in (a) surface soils, (b)

surface waters, and (c¢) groundwater in the rural areas

of eastern China
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ng/L. PFASs FZAL A PFBS VA nd ~2.2
ng/L, 4 0.43 ng/L, MK 1c WLIF H 6 -
X Hi R 7K PFCs i B 52 m s JU AR A i 3 VR
I e b DX A 3 2 (269 ng/L) , HR A M (3
TR IR R B R AT LR K PRCs ¥k
JE fre i, N 37 i 2 b X1 SR 2 TN i R
e
2.4 LAt A P e LEE MK K =R R

Wit o AR L

TE 13 K MR K ZFhEREE A i, PFCs
ML A AR IR . DAE A X A 47) , Sk 98
fb2: 1) HEsK o PFCs L PFOA (99% ) il PFHXA |
PFPeA Sy 3170 T 2t X A A H 2Kk v, oAk
B L) S T 3 B 2 AR TS K R R Y
i, +3Erh PFCs HAR DL C8 fbA 4 PFOA Sy,
{EH A X A AT -4 ef CO {59 PENA 11 LL 5] 2
2 L, OB CO LAYk B T R
T PFCs [WRTIARY) 5 & 5 m BB 37 KA A
TR 8+ 2,10 : 212 ¢ 2 FTOHs ( 5 B Fi) %
it BRI TS YL PR I R

B 1 B X LR 7K T B PFCAs ¥R B L b 3%
IKEH T 3 5200, Hopl i X 3 7K o PFCs ¥ 4R
BT MK R BE 4% b IX H T 7K I K
HR R B A A AR 2200 o |R 8 b DX K ) %%
A R KA, T 7K i PFCs 55 555 %
MR AKH . 7238 iE i FE  PFOS (PFHXA [ L i %
ROR A T % A e 4 R B 2 g Tl 2 P
AR T 05

3 REEE G AP

B 25 Ho X MoK Fp PRCs (14 B85 7 AR AL T
bl k7 e — 5 K kb BT OA K
AT AT HOR (P 2a.b) 1] LR AT AT
Hh X KK A PFCs 2H B 5 7K R RN Ak 105 g
KRB ARARRZER . BTG foREUE AR
ZHCPERS PFOA (99% ) SAFRAE, 5 /KA A K
FIH K (g PFOA T K Xt 452> (50% ~ 80% )17,
B 2b o] DL, o [ AR 0 A AT 1l DX b 2% 7K o Y
PFCs 41 iRy PFOA 1 35% ~60% , HoAth 1) = 22
k1 PFBA \PFHpA 11 PFNA , %54k &%) PFBA & H:
i PFCs AL 59 0 B At 72 ), A By W figk ELIT #5 e
iR, Sy ALK, 5 PFOA F1 PFOS AN[H], PFBA
ATE A TR M AR PR 2

AL R SE P AL 5 9 FUIEAR
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Fig.2 PFCs compositions in waters from different areas
(a) — AL Tl K T5 K AL B CE R IR SCR (18 - 19]) 5
(b) —H E AR AR AT H X I K

Hh ] ZR R A A L IX oK PFCs Bk Y, PFOA/
PFOS FL{E AT LA e 455 PRCs Bk B> -2 kK
REEKCRH X Hb 3R 7K A7 ¢ & 19 PFHpA ¥R B2, A it
PFHpA/PFOA Al A FH TR B R TR I
1 F PFBA ] fig S A\ 7 HE Y Sk U, 1 PFHpA Fil
PENA J351] Js2 B RR 7K F Y5 1R/ Ho 36 0] 2R e o e
FTF I B 2438 F F PFOA/PFOS — PFHpA/PFOA |
PFHpA/PFOA - PFBA/PFOA #1 PFHpA/PFOA -
PFNA/PFOA HAE/ERE, 45 R WK 3a.b.co KA
R X 22 /K 1) PFHpA/PFOA L fE 45 =5 (151 3a)
F R AT TTRREC R, JE R VTHE RN AR H X,
PERRIZ I b DA AL T s A = A Tk )
Mo BARH AL Tl [ #h %7K 1) PFOA/PFOS
FLMEAR R (1000 Z545) , {H PFHpA/PFOA {5 )1 W] &
R At ] AR R AT b X R K o

&l 3b i 7 o [ 2R &R AR AT H & K B PFHpA/
PFOA FUfti 5 PFBA/PFOA H{H S 4R PEHI € (R =
0.857,p <0.05) , B RHEILRIXAb, Fi M X $ 757

— %k H% L. BT PFBA J&2—2£ PFCs IIRER 1),
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Fig.3  Different ratios of the surface water samples for source
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Composition and Source of Perfluorinated Compounds in Soil and Waters
from the Rural Areas in Eastern China

CHEN Shu', JIAO Xing-chun', GAI Nan', YIN Xiao-cai’, PIAO Hai-tao', LU Guo-hui',
LI Xiao-jie' , RAO Zhu', YANG Yong-liang'"

(1. National Research Center for Geoanalysis, Beijing 100037, China;

2. College of Chemical Sciences and Engineering, Qingdao University, Qingdao 266071, China)

Abstract: At present, little research on perfluorinated compounds ( PFCs) has been carried out in rural areas. To
better determine the pollution level and the geographical distribution of PFC in rural areas, soils, surface waters,
and groundwaters were collected from 8 rural areas in eastern China. Seventeen PFC compounds were analyzed
using Solid Phase Extraction (SPE) and LC-MS-MS. The sources of PFCs are determined by compound ratios.
Results show that PFOA (0.34 —14.5 ng/g) is the dominant perfluorinated carboxylic acids (PFCAs) and PFOS
(0.02 -0.08 ng/g) is the dominant perfluoroalkane sulfonates ( PFSAs) in the soils. PFCs in surface water are
mainly PFOA (4.8 -29.6 ng/L), PFHxA (0.73 -31.8 ng/L), PFOS (nd -7.1 ng/L), and PFBA (nd -6.1
ng/L). PFOA (nd - 176 ng/L), PFHxA (nd -50.1 ng/L), and PFBA (0.08 - 16.1 ng/L) are the dominant
PFCs in groundwater. PFCs in soil and groundwater decrease from south to north. Two main sources of PFCs are
domestic sewer and atmospheric precipitations, of which atmospheric precipitations have a greater contribution.

Key words:; perfluorinated compounds ( PFCs) ; soil; surface water and groundwater; composition characteristics ;

source identification; rural area in eastern China
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