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BE. AEREIIT KRR P2F LAY (perfluorinated compounds, PFCs) AY%5% B 4F1E, KT 13 XAD-4 (%) PUF JE#: S RAE AR
RAET 2014 4E 11 A 1 HZE 2015 4 1 A 31 BEIITT 12 ARSI RAHER, 28T T RS 7 Fi kM PFCs F1 15 Fhgs 71
PFCs B35 5 B M A RRAE . 45 W1 BEYITT R 0R D) PRCs SEXURIE J 79. 0 pgem ~* (23.7 ~ 157 pgem ) , LME & Pk PFCs g
F. 8: 2 %6 ¥ 2 B ( fluorotelomer alcohol, FTOH) . 6: 2 FTOH Fl 4> #i % BR ( perfluoropentanoic acid, PFPeA) . 4> 9 ¥ FR
( perfluorooctane acid, PFOA) 43 7lJ& #7& AN 75 PFCs (9 E ALy, RIITE KA P & M 7 A PFCs 945 (] 43 A7 AH
[, B AL A B R A #. 11k4h,6:2 FTOHs, 8:2 FTOHs, PFPeA . PFHxA Fll PFOA 5 PM, , . PM,, £ IEAHE (P <0.05,P
<0.01) 1l 5 PM, BYHH S 8 3%

KW AFAEY; KA EhRAER; FORRE, R

FESES. X511 XEFRIZE. A XEHS: 0250-3301(2016)04-1240-08 DOI: 10. 13227/j. hjkx. 2016. 04. 007

Residue Characteristics of Perfluorinated Compounds in the Atmosphere of

Shenzhen

HE Peng-fei' ,ZHANG Hong" ,LI Jing', HE Long’, LUO Ji*, LIU Guo-qing”, SHEN Jin-can’, YANG Bo', CUI
Xiao-yu®

(1. College of Chemistry and Environmental Engineering, Shenzhen University, Shenzhen 518060, China; 2. College of Physics
Science and Technology, Shenzhen University, Shenzhen 518060, China; 3. Shenzhen Environmental Monitoring Center, Shenzhen
518049 ,China; 4. College of Physics Science and Technology, Dalian University, Dalian 116622, China; 5. Food Inspection &
Quarantine Center, Shenzhen Entry-Exit Inspection and Quarantine Bureau, Shenzhen 518045, China; 6. College of Life Sciences,
Shenzhen University, Shenzhen 518060, China)

Abstract: In order to explore the residual characteristics of perfluorinated compounds (PFCs) in the atmosphere of Shenzhen, passive
air samplers consisting of polyurethane foam (PUF) disks impregnated with XAD-4 power were deployed at 12 sites in Shenzhen from

November 2014 to February 2015. Seven volatile and fifteen ionic PFCs were analyzed. The results indicated that ZPFCS

concentration ranged from 23.7 pg+m > to 157 pg-m > (mean: 79.0 pg-m ™) _ dominated by volatile PFCs, with 8:2 FTOH,6:2
FTOH, PFPeA, PFOA being the dominant compounds. The spatial distribution of volatile and ionic PFCs concentrations was the same,
displaying the characteristic of “the northwest being higher than the southeast ”. Furthermore, the concentrations of 6: 2 FTOHs,8: 2
FTOHs,PFPeA , PFHxA and PFOA had positive correlations with PM, ; and PM,; (P <0.05,P <0.01) and were more positively
correlated with the levels of PM,, than those of PM, ;.

Key words: perfluorinated compounds ( PFCs ) ; atmosphere; passive air sampler; fluorotelomer alcohols ( FTOHs) ; atmospheric
particulates
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T R ( perfluorosulfonic acid, PFSAs) % 251 %Y PFCs N e T8 A N1 W R R 2 S ) N A 1914
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JE A [k B ( perfluorooctane sulfonamides, FOSAs) | -

SR L 0 oo, ity SRS 0 K7, s
ethanol, FOSEs) 4F 4 % 1 PFCs Wi K2, g dk  fREEA: (100 CC1988 ) 00, BULBRG A, R BFTT skt
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PFCs N B KA PR K B A =, i i )3
FREE TS e, DRI 2% 32 G 1

ARk, KA PFCs MR R LD TR A
B 5 i A R I 7 B e e | AR
B SRS TR s A G I
EREERRE, £ LS, NHEEN LI
7, ¥ PRCs Ak A £, HEF X% X 38 K< PFCs
B B RRIE AF 5% oK DL ARGE. AT R, R A
BLV5 G W 42 1 N SRR 17 W I 2 AR PFCs
W EERFEELZ D B K P PRCs (5%
B FFIEXT T PFCs 258 KU PP BoA S X

ST URIITT B I HOus 9 12 A KAWL
SR B SR FERR R AE T 2014-11-01 ~2015-01-31
2990 d KUY PFCs , FH R0 (3% - B e X
(high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS) 4381 T Horr 7 Fh% & P
J 15 FEs 1Y PRCs Y3 it PR 1 H A FLAE S
HRAH PM, 5, PM,, BAHDCHE , LU RS PRCs
(R 5 S LT e il S IRl A .

1 MR

L1 A5G

T SCRFH 6 75 A3 ( Agilent techonologies1290 , &
Agilent 2w ), = F D4 9 FF &5 B T % Y
(QTRAP5500, 3 [E AB /A H]) , BREEHL (QM-3SP04,
R AR ), BRI (HSC- 128, K i fe 5L
PR RA RN H) e 75 % AL (RE-52AA, T
T TR A A A AR ), 27K AL ( Simplicity, 38 [
Millipore 2 F] ), & 0> Ml ( Centrifuge 5804, i
Eppendorf A F] ).

PFCs ARFEAIA B I K Wellington 23 7). 7 Ff
kM PFCs 1R & M bp (50 pdg-mL*1 ) 145 6:2
FTOH . 8:2FTOH, 10:2FTOH , Me-FOSA , Et-FOSA |
Me-FOSE, Et-FOSE, 15 Fg§F%! PFCs {RA M5 (2
pg-mL ") £ 45 4 i % R ( perfluoropentanoic acid,
PFPeA ). 4 % C MR ( perfluorohexanoci acid,
PFHxA ) . 4 % BF R ( perfluoroheptanoci acid,
PFHpA) . 4 % IR ( perfluorooctane acid, PFOA) |
29 T2 ( perfluorononanoic acid, PFNA) | 49 53 iR
( perfluorodecanoic acid, PFDA ), 4 % I — &
( perfluoroundecanoic acid, PFUdA ) . 4 9 + — &
( perfluorododecanoic acid, PFDoA ) ., 4 i T — R
('perfluorotridecanoic acid, PFTrDA ) | 4= 9 + U /iR
('perfluorotetradecanoic acid, PFTeDA) | 4% T /N R

( perfluorohexadecanoic acid, PFHxDA ) | 4= 3 T Sifid
21k ( perfluorobutane sulfonate, PFBS) | 4> 35 C ¢ il
Rk ( perfluorohexane sulfonate, PFHxS) | 4= 9 ¥ b
fiti 2 £ ( perfluorooctane sulfonate, PFOS) | 4= 9 %% b
R ER (PFDS) , JH P BE 3 B B MR 1.0, 2.0,
5.0, 10, 20, 40 ng-mL""F10.5, 1.0, 2.0, 5.0,
10, 20 ng-mL ™", T HPLC-MS/MS #5ifE TAEHIZE
5 R KA PFCs T3 AR (50 pg-mL™") 414 2-
Perfluorohexyl-[ 1, 1- *H, ]-[ 1, 2- "C, ]-ethanol
(MFHET) . 2-Perfluorooctyl-[ 1,1-*H, ]-[1,2-"C, ]-
ethanol (MFOET) . 2-Perfluorodecyl-[ 1,1-*H, ]-[ 1,2-
“C, J-ethanol ( MFDET ) . N-methyl-d3-perfluoro- 1-
octanesulfonamide ( d-N-MeFOSA ) #lI N-ethyl-d5-
perfluoro- 1 -octanesulfonamide ( d-N-EtFOSA ) , 8 i &5
THI PFCs 1A PIAR (2 weg-mL™") AL$57C,-PFHXA
( MPFHxA ). "C,-PFOA ( MPFOA ). "C,-PFNA
( MPFNA ). "“C,-PFDA ( MPFDA ). "C,-PFUdA
( MPFUdA ) . "C,-PFDoA ( MPFDoA ) . "0,-PFHxS
( MPFHxS) F1°C,-PFOS ( MPFOS ) , 34 J] FF! I s ¢ &2
100 ng-mL ™" . 250 H H B2 ( S5 E Sigma A H]) |
DI (€ E J. T. Baker 23 ®)) . A 7l ik ( F #2
Oceanpak A H] ) . G H 4t (£ E Aladdin A A ) |
EC e EE REFHLA A B8 @ik Al S5
K 18.2 MQ - em B ZIK.

1.2 REERH %

W) ' 14 58 & R ( polyurethane foam, PUF) i ( B
1£14.0 cm, JEFF 1.35 em, % F0.021 3 g-cm ) K
WHITAER , AmEE 2R 4E 24 h 54k, 35°C T E2 T4
6 h, %M. W4 Amberlite 23] i XAD-4 4K H H
BE, AWk, IEC L AT 30 min, K2 4 30
min, BREE 5 h, EFEHPRARZ) 0. 75 wm, FAR K H B
mE, R W BE, IECREAERE 10 h,30°C PHAT
fah BIEE, HIECHRECK 6.4 g- L 1B MR,
gk PUF BS7E XAD-4 B d i P 4 0, Rk
LRI A E] D7 [ i, SRS T B2 TR A b T
72 h, #4314 XAD-4 1) PUF i, i 1% 51 2 XAD-4
T TE 435 mg =68 mg i [l (1) PUF 2% T8k
FER 1 R A
1.3 RABERFEEREIE

BT FRAE T R s SRR
1 8:2 FTOH, PFOA 735 N E IE R TR R A%
RAEFNE F B PFCs 3R A1 $L RUAL G 1), K IE B 3
FFEAF R AR A (R) . 1EREHZY 16 m BETH



1242 2N 5%

B 37 %

BB RS, T 7, 14,21, 28, 42,56, 70,
84 d Wkt (n=3),H 8:2 FTOH u{ PFOA Jii & (m)
X RAEW B (¢) FEATERAERLA (IR A, HAEE k,
FEERRAE 8:2 FTOH B PFOA (1) JFife 5 [a]—3 s,
KABB R FEWRE N 15 ~20°C, K#E A 1.5
~2.4 m-s™" UM ZRIL , JCRE A9 B, F 32 3 R kR

AELL0.5 m’ emin YR IRE L. 2. 4.6, 8,
10, 12 h(n =3), DCRFEARFL (V) X 8:2 FTOH 5§
PFOA i AT EMEA G5 AR |k,
PEARFURA H 8:2 FTOH 2 PROA fY 5, FH AN 1Y
ky/k, VOB 0 3RAG 48 K VRS 2 PFCs 19 R {H
(F1). REEBH R XAD-4 /) PUF K.

F1 HE PFCs WEMAR, HXRZHBERE

Table 1 Linear equation, correlation coefficients and R values of typical PFCs
S PFCs ‘ BEEIRAE ‘ FBRAE Rk 7ky)
o RN (m =k 1) HILZB(2) KT (m=k,V) HEZRE(P) /m’-d"!
8:2 FTOH m =0.925¢ 0.942 m=0.210V 0.933 4.4
PFOA m =0. 2651 0.879 m =0.056 0V 0.918 4.7

1.4 RAERSAE

FE T UEIIN T BRBE W0 v i 8 S A7, R
BB FREE T 2014-11-01 ~2015-01-31( 2990 d) ,
XPRIINTT 12 ML R AT RE N1 ~11
JEAE X (R BN N2 A 55 ) i i 12 7 F A SR 1
MR DX A3 T T B AR, B 2 AP ATRE, R
WA YR FEAE S R 12 ~16m KA R A
K.

1 WHREBRLASHTE

Distribution of the passive air sampling sites

Fig. 1

1.5 PFCs #2505 5047

WAER) PUF BREMIA 10 ng B9 8 FES T PFCs IR
B NFRAN 20 ng 1Y 5 P LA PFCs TR AR, JHTAR:
IECRE(L: D IRATR ., FEE IR AR 24 h, 4 b,
FIRAE 30C e 78 K EL S mL, %ﬂ?ﬁﬂ%ﬁé{“ ,
FEEEZS 2 0.5 mL, 1 0.22 wm SBEHZLT4ERE A 1
mL PNAF=CHEREIR, FF HPLC-MS/MS 4347

i+ >R H Agilent poroshell 120 EC-C , (2.1
mm x 100 mm,2.7 pm). FsHHH A 5 mmol-L™'
Fi i 4 K VR W, B A S mmol - L™ il iR 4 HH VA VK.
FREEVE AL FE .0 ~ 3 min,90% ~ 30% A; 3 ~ 13
min,30% ~ 0% A; 13 ~ 14 min,0% ~90% A; 14
~20 min,90% A. 7 FE &1 PFCs #9730 M 7E 20°C

#E7E . 0.4 m Lemin -~
15 Fp =

mL+min "~

VR T, SRR R 20 pL;
+ B PFCs 1% 43 BT 7E 35°C # i, 0.2
YR HEA T, PERE R 10 pl.

fifi FH QTRAP5500 = PUZ AT HR B S i, e %
s B EA S s AT £
F WA | 500°C 2 TR IR & -4 500 VE T
Wi L . 7 FPE KM PRCs 1O TR E S 8L 2% 2,
15 FEs 7RI PFCs (T3 S8R Gk 16].

®2 7 FIESM PFCs 70 5 MMM R S5

Table 2 Mass spectrometry optimization parameters of 7

volatile PFCs and 5 internal standards

HET THET WERER REeE

5 %
e (m/z)  (m/2) IV o Wk
6: 2FTOH 363 255 ~40 ~30  MFHET
363 303° 40 15
8: 2FTOH 463 403* 50 ~15  MFOET
463 423 -50 ~10
10: 2FTOH 563 455 50 ~40  MFDET
563 503° 50 15
MeFOSA 512 169° 50 ~30  d-MeFOSA
512 219 -50 -30
E{FOSA 56 169" 50 _35  d-EIFOSA
526 219 -50 35
MeFOSE 556 122 50 ~40  d-MeFOSA
616  59* 50 65
EIFOSE 570 136 50 ~30  d-EFOSA
630  59* 50 60 —
MFHET 367 256 30 -3 —
367 306" 35 15—
MFOET 467 356 50 ) —
467 406" 50 Y -
MFDET 567 456 -50 -3 —
567 506° -50 -18 —
d-MeFOSA 515 169° -50 _45 —
515 219 -50 T -
d-EFOSA 531 169° ~60 -3 —
531 219 ~60 ) p—

1) " R B T X (quantitative transition )
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1.6 JumsdEifl 5k

S g 0L 34 5 FH 3R P A 6 3, et T i T Y Tk
YE. MRS LI AVAS H PFOS 1 PFOA , 24K T4
MR, 7 FhiE & PE PFCs 7 20 ng Fl 15 Fli 5§ 1 /Y
PFCs 7E 10 ng 7K PR i B | A8 5 22 208 Al
FRR (limit of detection, LOD) 433/~ T3 3, 7 Fiig &
P PFCs 7E 0 ~40 ng-mL ™" fl 15 FF#I PFCs 7£ 0
~20 ng-mL ™~ VR ETEFI LY DC R () 43 TE
0.999 1 ~0.999 7410. 999 2 ~0.999 9 Z []. K T.
YEMZe-Nbnike &, LA 3 4515 M LUl 2 H bR i)
) LOD. AAKH 4 PRCs R JE LA nd #5758, G434
0. KA PRCs ¥REEAILT LOD B, LL“ < LOD”
bRz, GeitH i i 1/200D. A 52048 B3y 2
IR IE e A5

s GE Tt 3B S AR R ] SPSS 10. 2| Origin
8.0 F1 ArcGis 10. 2 it

®3 227 PFCs BIMIREY R, EREAHREHR (n=3)
Table 3 Recoveries, variation coefficient and

LODs of 22 PFCs(n =3)

WaRiIEY W/ % BREFR % KPR/ pgom 3
FHET 84.2 6.2 0. 637
FOET 98.2 1.8 0. 559
FDET 102 3.1 0. 153
MeFOSA 101 1.8 0.104
EtFOSA 99.9 2.6 0. 108
MeFOSE 88.6 8.1 0. 545
EtFOSE 79.8 6.4 0.617
PFPeA 85.8 7.3 0.272
PFHxA 81.4 4.5 0. 141
PFBS 86.9 6.3 0.242
PFHxS 79.3 8.7 0.267
PFHpA 93.6 2.7 0.214
PFOA 101 3.1 0.257
PFOS 97.8 1.4 0. 162
PFNA 82.1 5.5 0. 137
PFDA 76.7 4.3 0.129
PFDS 9.1 2.2 0.138
PFUJA 85. 1 9.2 0. 146
PFDoA 81.9 6.3 0. 133
PFTrDA 78.7 6.6 0. 131
PFTeDA 82.7 7.1 0. 127
PFHxDA 84.7 8.6 0.119

2 HREITR

2.1 HYIT KRS PFCs (15 BERRF
I K Ad S PRCs W EH 79.0 pgem ™

(23.7 ~157 pg-m ), Hor 851 PFCs BH R

53.4 pgem (17.5 ~103 pgem ), i > PFCs KJ
68% (57% ~78% ) ,8:2FTOH . 6: 2FTOH ¥k & /3
WA 31.8 pgem ™ (9.13 ~69.9 pgem )., 19.8
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4 RUTASH 7 MIER Y PFCs MIRE/pg-m ™
Table 4  Concentrations of 7 volatile PFCs in the air of Shenzhen/pg+m ~3

A 6:2FTOH 8:2FTOH 10: 2FTOH MeFOSA EtFOSA MeFOSE EtFOSE

1 41.7 49.1 <LOD 3.12 nd 1.55 nd

2 27.2 53.6 <LOD 3.80 <LOD 1.70 nd

3 30.2 69.9 <LOD 3.22 nd nd <LOD

4 24.2 47.5 <LOD nd nd nd nd

5 19.5 22.1 nd <LOD nd <LOD nd

6 14. 1 18. 1 <LOD 2.13 nd 1.04 nd

7 16.3 19.6 nd nd <LOD nd nd

8 13.2 16. 6 <LOD <LOD nd <LOD nd

9 15.6 16.5 nd nd nd nd <LOD
10 17.5 48.7 <LOD 3.69 nd 1.83 nd
11 9.22 10.3 nd <LOD <LOD nd nd
12 8.41 9.13 nd nd nd nd nd

K 2R/ % 100 100 58 75 25 50 17

x5 FIIHTRKF 15 B FE PFCs WiRE/ pgom ™
Table 5 Concentrations of 15 ionic PFCs in the air of Shenzhen/pg-m ~3

o HEEE(C<6) hE(7<C<10) K#E(C=11)

A PFPeA PFHxA PFBS PFHxS PFHpA PFOA PFOS PFNA PFDA PFDS PFUdA PFDoA PFTrDA PFTeDA PFHxDA
1 17.6  4.02 7.32  1.94 2.05 12.1  3.21 0.614 nd 0.214 nd 1.52 nd 1.23 <LOD
2 13.1  3.34 525 2.63 .92  11.1  2.47 0.771 nd 0.377 nd <LOD <LOD nd 0.872
3 16.2 5.08 5.58 1.75  3.33 13.4  2.26 1.56 1.22 nd nd 1. 67 nd .22 0.523
4 10. 1 2.84 <LOD 1.52 nd 5.17 <LOD nd nd nd nd nd 0.936 nd nd
5 5.75 .42 2.89 1.70 0.724 3.81 <LOD nd nd nd nd nd 0.861 1.19 nd
6 5.39 0.957 1.94 nd 0.741 2.71 <LOD 0.242 0.177 nd 0. 652 nd nd nd nd
7 5.23  0.763 1.68 1.30 nd 1.75 <LOD nd nd nd 0. 947 nd nd nd nd
8 6.47 0.974 1.23 1.75 0.701 1.04 <LOD nd nd nd nd 0.74 nd nd nd
9 6.66 0.791 2.07 1.52 nd 1.78 .02 0.771 nd nd nd 1.40 0.832 nd nd
10 13.9  2.91 1.97  2.82 266 9.18 9.18 <LOD 0.678 nd nd nd 1.91 1.41 nd
11 8.80 <LOD 2.44 1.47 <LOD <LOD 1.07 <LOD nd nd nd 0. 683 nd nd nd
12 1.34  <LOD nd 0.791 nd 3.39 <LOD nd nd nd nd nd 0.631 nd nd

K %/% 100 100 92 92 75 100 100 58 25 17 17 50 50 33 33
BER K4HC=11) HEET<C<10) EEE KiEE(C=6) 2.2 YN RAH PFCs 125 (0] 5040
100 GRS PRCs Y23 (8] 734 52 B PG A6 i AR
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Fig. 2 Percentage of ionic Z PFCs with different

carbon chain length in the air of Shenzhen
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P& aE A 3T PRCs T B PR X ST
KA PFCs (3 Ai AR L. Ak, BRI KA
R AE PFCs FIES 71 PFCs 1Y 25 8] 20 A — 2 (1]
3), [RIAHE & M PRCs 1 EZE41 4 6: 2 FTOH, 8:2
FTOH 5 & F AU F 22 5> PFOA | PFPeA 2 3%
IEAX(P <0.01,5%6) , HRKJE 6: 2 FTOH #il 8:

2FTOH A 5 KA dCl/OH A H 3 . 0,/0, % M H
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VER % A A . BRAR 45 I N, Fe B 1 PFOA )
8{ C4 ~ C7 B PFCAs ™ | 1fif PFOA X AJ LI7E KX,
SO R R R R C4 ~ CT 1Y
PFCAs'™'.
2.3 KRS PFCs 5 PM, 5, PM, FOAHCHE
RATRIAINT PFCs AW FFHE TS 1l PRCs 78
KA ORI AHTA] 52— 5E 3 e L A1) 3 5 R AUB0RE
YIEILLRA  IIT RA o PRCs (19 £ 241 4%
8: 2FTOH, 6: 2FTOH, PFPeA. PFHxA, PFOA 5
PM, .l PM,, ¥ 2 IEAI & (P <0.05, P <0.01, %
6) , HJFHA ORI IRY T &FH Si0, ., Fe,0, %
ALYy, Xt FTOHs A 85 i fHE S5 @si0, |

Fe,0, &8/ LML A2 FTOHs 76 KR
Femm & A 5 A AR, $E T AR B PFPeA | PFHxA 45
PFCAs'® . WAk KA PRCs 7EA [RIRLAR R 9 |
A RERA 2270 AR5 SR, IR A
PFPeA | PFHxA ., PFOA 5 PM,, fUAH C1E R T PM, |
(% 6), nTHES KATIR ) MR A1 Ca®* 175
£ 5. A PFPeA . PFHxA . PFOA ¥4 —COOH, 1
PM,, "' Ca®* 5 HEGE B R PM,, o A PR A% Bl 07
[Alfs, PM,, OB PE L PM, 585 T Ca® B HY B
FITK PFPeA . PFHxA | PFOA [5 35 T-0k: 4 2R 1T
3 PFPeA , PFHxA . PFOA 5 PM,, HAH G108 3%,
THIR)Z R i R A gk — 2D

Fx6 AKSHIEE PFCsiKES PM, . PM X RH
Table 6 Correlation among individual PFCs in air of Shenzhen and PM, 5, PM,,

PFPeA PFHxA PFOA 6:2FTOH 8:2FTOH PM,, PM, ;
PFPeA 1 0.898 " * 0.853** 0.827** 0.878 " * 0. 667 * 0.632*
PFHxA 1 0.942%* 0.881 " 0.981** 0.729* 0.679 *
PFOA 1 0.830" 0.927** 0.806 " * 0.783
6: 2FTOH 1 0.803 " * 0. 607 * 0.581*
8:2FTOH 1 0.782* 0.730*
PM,, 1 0.947 %
PM, 1

1) # * FIR P<0.01; = FIK P<0.05; KN PM, 5, PM, o i B h I T A i 00 v sl i it

3 i

(BT RS D PFCs LI K T PRCs N
T, 1A PFCs M#fi. 8:2 FTOHs, 6: 2 FTOHs,
PFPeA | PFOA i 24 53, PFBS J& Y i KA
F M PFSAs.

)TN RS D PFCs 1923 [l 43 A 5 7
AR AR A A H X 5 ERYITE Tl /A R A G,
M &R B 7R PFCs 1925 8] 43 A5 A ], 3% J2 i
R M PFCs #£ K h Al L% 4k b 8 7 54 PFCs
iEe

(3) KX Wi ki A1 b 8:2FTOH, 6:2FTOH
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