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Spatial Distribution and Composition of Perfluorinated Compounds in Soils

Around the Huaihe River

MENG Jing'?, WANG Tie-yu', WANG Pei'”, LU Yong-long'

(1. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to analyze the occurrence and composition of perfluorinated compounds (PFCs) , 18 topsoil samples were collected
around the Huaihe River in October, 2008. Total fluoride (TF) and extractable organic fluorine ( EOF) were determined using
combustion ion chromatography (CIC), and PFCs were quantified by HPLC/MS-MS. Among the sixteen PFCs analyzed, eleven PFCs
were detected. Concentrations of PFCs ranged from n. d. to 1. 22 ng-g ™", and perfluorooctanoic acid (PFOA) , perfluorononanoic acid
(PFNA) and perfluorooctane sulfonate ( PFOS) were the predominant PFCs. Concentrations of PFCs showed no significant difference,
but compositions varied from soil to soil. PFCs mainly came from emissions of local small chemical plants and atmospheric dry and wet
deposition. The results from mass balance analysis indicated that PFCs only accounted for 0. 3% of EOF and EOF comprised 0. 02% of
TF. There was still a large amount of organic fluorine besides PFCs, and inorganic fluorine and non-extractable organic fluorine
comprised the major portion of TF. Furthermore, the current analysis method could not detect all kinds of PFCs and related unknown
organic fluorine.

Key words:; perfluorinated compounds( PFCs) ; soils; mass balance; total fluorine( TF) ; extractable organic fluorine ( EOF ) ; Huaihe
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Fig. 1 Soil sampling area and sites around the Huaihe River

1.2 FERH S5

16 B PFCs 4351 R : 29 T FR ( perfluorobutanoic
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PFHpA) . %R ( perfluorooctanoic acid, PFOA) |
25 T- IR ( perfluorononanoic acid, PFNA) | 4 %%
2 ( perfluorodecanoic acid, PFDA) . 4 % 1 — R
( perfluoroundecanoic acid, PFUdA) . 4%+ — &
( perfluorododecanoic acid, PFDoA) . 498 T L fifi fiR
( perfluorobutane sulfonate, PFBS) . 4= C 2 fitf iR
( perfluorohexane sulfonate, PFHxS) . 4= 35 JL /il iR
(‘perfluorooctane sulfonate, PFOS) . 4= % 28 BE fiff iR
( perfluorodecane sulfonate, PFDS) | 491 £ & FE ik
M & B ( 2-N-ethylperfluoro- 1-octanesulfonamido-
ethanlo, N-EtFOSE) | 498 H1 35 B % £ 1 (2-N-
methylperfluoro-
MeFOSE ). 4 % ¥ # fif B% ( perfluoro- 1-
octanesulfonamide, FOSA). 5 Ff PFCs [RIfi Zric

acid,

1 -octanesulfonamido-ethanlo, V-

4:PFBA(1,2,3,4°C) . PFOA(1,2,3,4°C) . PFNA
(1,2,3,4,5°C) . PFDA(1,2"C) fil PFOS(1,2,3,4"
C). PFCs M [Ff ZARCYI 4L > 98% ( Wellington
SR MER) . ARG PR, VT SR R S
(TBAHS) . HESRUT 5Lk ( MTBE ) FHES R AH (1. T.
Baker A ), 3E[H) . BT i Ui R M4 ( EMD 22w,
EKH).

SPE /]MHE (Oasis WAX, Waters 23 7], 38 [# ) H1H
IR AL BT 28 i SORE W B R SR R S A —
-5 (PS/DVB-NH, ). = 50K AR (63 ( Agilent
1200 %Y £ ) /B (SCIEX 3000 %Y, 3 [F) B YL
(HPLC/MS-MS).

1.3 FEA AL EE

FREL 0.2 g - FE i BT8R 5 (431 ( combustion
ion chromatography , CIC) 7341 TF B85 . 7 4K
B2.5 g HESLE T 50 mL BB LE T, INA 2
mL = 2AKIRE], SRJGHIKIMA 0.5 mol-L™" TBAHS
W1 mL. 25 mmol-L™" BERZENIAE R 2 mL F1 100
peg- L™ I NAR 100 pL imFeiRs). BEEMA S mL #)
MTBE & ¥, #& ¥ 20 min, 3500 r-min~" &> 20
min, B FEHR T 5 — 15 mL B.O08H, 5E iR
A2 i 4 15 mL (9 MTBE . w2 /<
W, A 1 mL R b 0.2 mL T CIC A&
EOF"™! 4% 0.8 mL # A 50 mL B0 i, FH # 4l
JKAEZE R 50 mL. RABEFAZEEGE, 4 mL 0. 1% 1)
FUK/WPEEW . 4 mL P 4 mL &4k X} SPE /)N
FEMEATIG AL, 8K 5 B A BT 1 MTBE %5038 13 SPE
SR (W Y PRCs W B E SPE A -, F5H 20
mL B 24K F1 4 mL 25 mmol - L.™" BEFREAKTE. )5
FH 4 mL HEEFT 4 mL 0. 1% 2K/ PR RYER. &
AR E 0.5 mL, #E4T HPLC/MS-MS K"
1.4 WAHEIE BUEAIF

HPLC/MS-MS BEHAL. s 5. W sh Ak 2
mmol - L ™" i iR £ F1l £ W , A1 1 30°C, 4 B B[] 40
ms, Hi# 0.3 mL-min ™', FFEEE 10.0 L. Fii% 5
1 25 L B R R 25 AR IR 450°C AU (N,)
P S Lemin ™', BAIE HLE3 500 V.

1.5 Bl LAE

P R 1 A PR I 2 SR DN sk 1) 2
42, A1 M AR AR O e T AR .
(RIS, T A ) I 56 25 o 0206 5 A (o FH i 3 R 4l 7k
FH BT T TR, R PRUEECE ] S o34
TG T AL B . BT S LA ERAE,
JIT AT A3 ZS 1 A e e A B 23 AT o o O 2 34 7E



3190 woom B % 34 &

FVFEEIN( £20% ). 90.03 ~0.30 ng-g ™", BES BN TR R (75%
AR R (S MR TR 31 1, 1 P A T A T R +8%) ~ (107% +12% ) , W3 1.
F 1 PFCs BtMIR, Bz H =R

Table 1  Detection limits, recoveries and detection rates of PFCs

G Bl g BR/% K%
2FTH2 (perfluorobutanoic acid, PFBA) 0.21 76 7 16.7
2FILER (perfluoropentanoic acid, PFPeA) 0.03 94 +11 27.8
LEFCHR (perfluorohexanoic acid, PFHxA) 0.09 83 £5 0
FEERR ( perfluoroheptanoic acid, PFHpA) 0.24 96 +10 5.6
AR (perfluorooctanoic acid, PFOA) 0.11 89 +3 55.6
2T (perfluorononanoic acid, PFNA) 0.09 92 +5 33.3
LFZEMR (perfluorodecanoic acid, PFDA) 0.09 86 +4 11. 1
29 +—R (perfluoroundecanoic acid, PFUA) 0.15 88 £8 0
45+ M (perfluorododecanoic acid, PFDoA) 0.09 92 +7 0
AT EM#ERR (perfluorobutane sulfonate, PFBS) 0.09 76 +9 16.7
29 C FHEAERR ( perfluorohexane sulfonate, PFHxS) 0.30 94 +8 11.1
IAEFERARR ( perfluorooctane sulfonate, PFOS) 0.09 97 +9 33.3
FEEEAEAR (perfluorodecane sulfonate, PFDS) 0.21 95 +11 11. 1
L FAE W 2% (2-N-ethylperfluoro- 1 -octanesulfonamido-ethanlo, N-EtFOSE) 0.24 85 +6 5.6
S JH P B2 FE B £, ( 2-N-methylperfluoro- 1 -octanesulfonamido-ethanlo, N-MeFOSE ) 0.27 75 +8

A AEFEA# R ( perfluoro- 1 -octanesulfonamide, FOSA) 0.10 107 +12

. WK, R TURYY PFOA fil PFOS
2 #R5iF8 N
P26 7K 58 1 1) PRCs, 26 B b [ 4% 2R 5 A o
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SRS TR I A 16 B PFCs R, 3R 11 B SERFsE iR £ L AR 5T o Mk R B9 PRCs
PFCs ( |4 PFHxA, PFUdA, PFDoA. N-MeFOSE . J& PFHxS, fix A W 3K 0. 55 ng-g ™', X KRR T
FOSA #1) 4 A 6 2 B B9 46 4, Forb PFOA . PFNA  PFOA | PFNA £ PFOS iX 3 il 3 %% PFCs #b, Hir—
Al PFOS A H R 8, R B PRCs, S48 28 PRCs 78 25 58 W DU R XU RS 21 Ak vt 107 75 31 12 6%
n.d~0.20, n.d. ~0.17 il n. d. ~0.21 ng-g~' FE. P PFCs R A n.d. ~1.22 ng-g™'.
(E2). R EJLRIERE PFCs &0, 6 FECKHE A PFCs H, 45 PFCs IR H 3R AH X ALK,

0T T — . i
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Fig. 2 Concentrations of PFCs, EOF and TF
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T 22 0N K. 2 R MR ( perfluorocarboxylates,
PFCAs) # b4 55 il iR ( perfluorosulfonates, PFSAs)
Tl KV AH XS R — 2 X S i 0 g 030
ng-g ' F10.20 ng-g "

FES3HT e 0] £ 3 PFCs (1 5L 6E 1, iF — 2B 4%
PFCs & 2 5 4 [ B pF o b DX B 26 1 7 % b (%
2)leT M0 AL WV A PRCs SRR
AT P T X, I B, i

[X PFCs & HE7 ik 14.31 ~61.32 ng-g ™', S HET i
B PFCs #8150 52 2. i85 3R] g 5 AR X
(0 Tl % S K B 25 H A 6. B o Tk
GV R AP HL X, oI SR (Wb X 75
FRALER)) TR (AnA:= 36 FH A ), #BX PRCs BY975
Y i T A R 2 e T RS Y
DX I T R it 2 T P V] s SRR X X S i X, T
b A R E R ALK

F2 TERPFCs EE5HEHEMRRRMITLEY /ng-g!

Table 2 Comparison of PFCs concentrations in soils from the studied areas in China/ng-g~

1

WF5E X35, KA 1] PFOS PFOA PFCs ik
BITKAEE 2008 n.d. ~0.86 n.d. ~2.8 0.13 ~8.5 [7]
LR 2008 n.d. ~0.702 n.d. ~0.473 n.d. ~1.72 [11]
PRGN 2008 n.d. ~9.4 n.d. ~0.93 1.3 ~11 [16]
R 2008 0.99 (¥18) n.d. ~0.51 0.02 ~2.36 [15]
i 2007 8.58 ~10. 4 3.28 ~47.5 14.41 ~63. 62 (6]
JET] 2008 n.d. ~0.21 n.d. ~0.20 nd. ~1.22 NG

1) nd. ARG BR 1 EfH

2.2 3 PRCs (1925 [al 43 A

L3 0] DUE Y 7R O 5 4% S i
13 PFCs W& I A B 22 5], B AH-02 Al
AH-12 HIEREA K PFCs 4, He 16 DR
HARFLERE ) PFCs K. AH-01 4b PFCs 175
15,38 1.22 ng-g ™', ATREJESZ R 40 T2 B 5 .
FEWEIT ]2 5 452, Ui sk R i + 3 v PRCs fi
T, TG YRR R, R 24 i ] A A T AR HE RSB
AT R PR SR 50T 4 2R B O 1) DA B2 2 1 P AL RN AR
FRRAM M, £ R TR IR EH T S 80T
PFCs T, MAh, 2 Y Bl | 9548
JEFN A R T Bl DX 8 52 M, 3Tl ik AH-17 &
WE LAY AH-15 . 16, 18 +3Eh b & A 5w ik
i) PFCs.

M PFCs 1123 [a] 43 70 4% Jsy T LAt B 88 3 T
BORM D PFCs S, BT IRTT Tl Bk
Ik H AN AR Z AT S f R 2 T RS e Lk
X 2 AH-01 (2 T8 F 2 PR s Hanlds
i, PFCs & it A (5 0 T 5L PHTT X BHE B AH-05,
P AH-17 W5 A8 BT PFCs. BL4h, 7K
WP AR PRCs S REWI RS T HEX
I, FEEE T A LA KK Ak 5 Y ) B 4R T S
W AH-01, AH-05 . AH-15 ¥4 Tk 4k, H AH-15
A TS K HERL.

ME 3 T3 PFCs WYL AT LI 45 T3 5
o PFCs RN AR AN m] , Fiy s mT L H R P A2 1Y)
AL 3 PRCs EZ R P RTIRIR L LTk,

[
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