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Pollution Fingerprints and Sources of Perfluorinated Compounds in Surface Soil

of Different Functional Areas

ZHANG Hong', ZHAO Liang’, HE Long’, CHAI Zhi-fang*, SHEN Jin-can’, YANG Bo°

(1. College of Physics Science and Technology, Shenzhen University, Shenzhen 518060, China; 2. College of Life Sciences,
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Abstract: In order to explore the effect of regional functions on the pollution fingerprints and levels of perfluorinated compounds
(PFCs) , principal components analysis was combined with high performance liquid chromatography-tandem mass spectrometry ( HPLC-
MS/MS) and solid phase extraction enrichment in this research to analyze the levels of 14 PFCs species in 76 surface soil samples,
which were collected from 4 functional regions, namely parks, communities, crossroads and surroundings of factories, as well as the
urban background of Shenzhen. The results showed that regional functions had significant effect on total PFCs ( Z PFCs ), which
ranked as the following: surroundings of factories ( P <0.001) >> crossroads (P <0.01) > communities ( P <0.05) > parks > urban
background. The distribution of PFCs was in the order of medium- (P <0.05) > long- > short-chain PFCs in surroundings of factories,
communities and crossroads, while in the order of medium- = short- (P <0.05) > long chain PFCs in crossroads. Over 81% of
Z PFCs in the surface soil of Shenzhen could be attributed to the three principal components, represented by perfluorooctane
sulfonate, perfluorooctane acid and perfluorotridecanoic acid, respectively. PFCs fingerprints were clearly shown in crossroads, as well
as in surroundings of electroplating and paint factories.

Key words: functional areas; surface soil; perfluorinated compounds ( PFCs); perfluorooctane acid ( PFOA); perfluorooctane
sulfonate ( PFOS ) ; contamination fingerprints; source apportionment; high performance liquid chromatography-tandem mass

spectrometry ( HPLC-MS/MS)
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(n=17) . TJ & (n=12)3k 64 13322+ K5
XF4, LA 12 0y H AR R 3 2 - kil 75 SRR,
ST 76 Y FR)E L 14 B PRCs 15 il ad T i
+ e PFCs &5 b Hy5 YL AE 32 X 38 3 B 1Y 52
Wi, DLk PRCs 30358 XU RS 11 f B JHE F 15 it A 42 3%
BB R

1 #RE5FE

1.1 {5100

Agilent 1100-API 3000 ( 35 [ AB /4 7)) HPLC-
MS/MS B T4 PRCs Bdd s AR 12
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WAX(150 mg,6 cc) [EAHAE R (ZEE Chrom-Matrix
2wl s FEGG A2 A B R (56 [ Dikma 2
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( perfluorooctane acid, PFOA ). 4 % T M
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HPLC-MS/MS #5 ifE TAE I 25 8 Bl & AR £ 4%
perfluoro-n-[ 1, 2,-"C, ] hexanoic acid ( MPFHxA ) |
perfluoro-n-[ 1,2, 3,4-"C, ] octanoic acid ( MPFOA) |
perfluoro-n-[ 1, 2, 3, 4, 5-"C; ] nonanoic acid
( MPFNA ) . perfluoro-n-[ 1, 2,-"C, ] decanoic acid
(MPFDA) . perfluoro-n-[ 1,2,-"C, ] undecanoic acid
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ng-mL ™ AR, AT, 286 R S 2y R] SCHk( 8 )
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R FEINT 2 FE (A3 20 hm® DLE) | kb (n =
16) | J&R/NXEALA (n =19) | FEAHFEEH 5 m L
NERALRRES A (n=17) T A5 m PN (n =
12) ARG (n = 12) BB RIIGEH L 2],
il =% AR 6 X (& 1), RAEMFE
A RV R TS TR | 3 100 H £ .

HEIFRECZY 1 g HIRAERL T 15 mL B0
JIA'5 ng PFCs IR AR AT 10 mL HEE YRS T=
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min(60°C) , 0> 10 min( 10 000 r-min ") JFUCEE I
THW. FER AR AR AR, & IF W T
50 mL B0E T, BE I ETEHRARE T, A 8
mL 2% HRR/K AN 42 mL H4liK  RA G Bkt
JEi B9 Polymer WAX [if AH #& BURE (MR H 2 mL Y i
K2 mL @ AEKIEAL) N2 s R
T KU 2 mL 2% WK, 2 mL 2% &K
PR T (1 1) VA ROME BE IRV i, F5 ] 2 mL HY
bkt , T, a5 mL 9% K H B TR Ve,
WCHE VR R HSCER ROV I v R R T, TR E
£ 1 mL, i 0.22 pm 8 J&BE, £ HPLC-MS/MS
53T
| I I S

HPLC 73#7 : (3% 4% 4 Agilent Eclipse XDB C18
(3.5 pm,2. 1 mm x 150 mm) , FEFERFL 20 wl. 78
50°CHENR,0. 3 mL-min ~"WEE T SN A(HEE) 5
B(2 mmol - L~ " fif§ iR & K ¥ W) B0 B VR IR )70
ALURHT 20% A, 80% B,8 min B 95% A, 5% B,
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Fig. 1 Distribution of soil sampling sites in different functional areas of Shenzhen
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MS/MS 434 . i Fil API3000 = T U H AT 53 B¢ ot
T EREHL S B AR T R A
2 F W I R S AE 4500 VO S 2 R, 10
AR, 9.0 Lemin T AT, 5.0
L-min ™' 5B HAN 450°C B FURIRE T, AR
FEE. HEREE Y S NS 53 S 85 R SRk [ 8 ]
SOERIER
1.4 JrEiEdl S RE

Shy kit G I AR AT R A SN IR M T L SEG AR LY
K R TR M 4 5, ol FH T FH P Btk ok 2 k. TRl A,
HERE A AR B AR A S, DA R B 3 IS 1Y
T sk B A 1, TR S g R AN bR A
J5 B9EE. 14 B PFCs 7E 10 pg-kg ™' /KA AR A1
WCRIEFE R 62% ~130% , 2853 REGERI N 3. 8% ~
16%. 7£5.0 ~60 wg- L~ B BBl A LR MEAR G R B
(r*)7£0.990 7 ~0.999 7 2 [i] , 4 I BR v [l 4 0. 094
~0.41 wg-kg™ "R PSR,

G ) Gt 3 B K AE R Origin, SPSS
GIS B4, BAG K FH «<0. 05.

2 HR5ITiE

IR R DR IX 3R 2 - PFCs 4341 FLAEE
IR, JER/ANX, F5ea, T ik
T 5 76 1y %2 1Bk PFHxS, PFHpA A&
Ah K 8 12 Bl PFCs 42246 04 (% ) R s 2 ARAK
K} PFOS(100) >PFOA(87) >PFPeA(49) >PFDA

L-min

2.1

(41) >PFNA = PFUdA(38) >PFTrDA(28) > PFDoA
(26) > PFHxDA (25) > PFTeDA = PFHxA = PFODA
(13). #HEX FRJZ L B PFCs( > PFCs ) FHIK
F(FDBRT) EAB(P<0.001) > HFEEO(P <
0.01) > JEER/NX (P <0.05) > v > i E 5t i)
O3AR AN 5 T T S (R R L B R 2 . A
INREIX 2 L ik (<6 BrRdE) . PEE(N T 7 bR
BES 10 ek . KAE( =11 BiksE) PFCs 70 A g A7 22
S, L), BR/NX ARZERE T PRCs &
BE(P<0.05) > K& > 8 m i, 2% 0N 2
Tk ~ 5 (P <0.05) > KEER AR (E 2). TT
Jiih | JERUNX | AR R E L EE PFCs DL PROS
F,PFOA SN Hf, 435 5 i Bk PFCs B 1Y 62% Al
22% . 171 132 158 5% PRCs LI PFPeA |
PFOA &3, PFOS Wi, PFPeA . PFOA 2 il % 4
B PFCs MY 54% ,PFOS (5 21%. WA, + 7%
MRZ M5 PFPeA STHEBES T T) WL, B
INK (P <0.05), SR FRROKREL
PFCs 4341 5 HAM 3 AT e XA ] 1) 35 22 JR A
2.2 AEIIEEX KIZ L PFCs FRIETG YeFg 2L

T B RBZE LV HERERERZ L (GC2,
GC4) > PFCs Akl B 3 (a) ], MZKHEZ 1L
A GC3, GC5 1 GC10. B &2, PFOS (5 Fi4:
WX RIZE L D PFCs 1 56% ~98% , & HLEH %R
2+ PRCs 5 YL AREFE S0, HAOR IR T i 1 i) 2
J21(GC6 il GCT) KAk PFCs (53 D PFCs 1 59%
~80% , JEIMA IR )Z 1 PRCs 15 YL I RFIEFR S0,
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