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Perfluorinated Compounds in Snow from Downtown Hangzhou, China™

1 &
o

ZHANG Ming', TANG Fang-liang'*, YU Ya&un', XU Jian-fen', CHEN Jin-hmf, YU Bo', Z_Hbg#’shank,

ZHANG Wei'

(1. Hangzhou Enviropmental Monitoring Central Station’; Han

Hangzhiou 311201/ China) Yy,

-

gzhou 310007, Chiga; 2. Xiéoshin Environmental Monitoring Station,

- o

=
¥

Abélt;'act; Snowf:sginli‘).les were collected from {h_g %no({;evgnt on January 20-22, 2016 from 11 sides iﬁ downtown Hangzhou=to™ éxpllgn_r_e.i:"

the oceurrence of” sixteén perfluorinated c?)mpofmds K PFCE“M):]-i‘ﬁ'the atmosphere. All “s?hlples weré!prepared by solid-phase extraction

with Qasis WAX cartridges and analyzed jusing ultra psrfofmance liquid chroméltogi-‘ap}ly interfaced with tandem mass spectrometry
(PPLC-MS/MS). The results showed that jseven meditm- and short-chain PFGs" including C, and C; perfluorinated sulfonates
(”PFﬁAs) Jand, C,-Cy, Cgoand C, perfluorinated| carboxylic -‘écilds (PFCAs) were detected in the snow samples. Total PFC
conéernltratliqns rafiged from 2.85 to 35. 1 ng~.L’l s Weress .il)elﬂﬁﬁ#orooctanoic acid (PFOA) dominated, with ranges of 2.15-23.0
ng'L._] A aﬂlﬁ.d perfluorgoctane sulfonate (PFOS) was detécted at lower levels, ranging from 0 to 0.46 ng-L~'. As compared to the

results from other studies, the PFOA concentrations of the study region were at mid-level and the PFOS concentrations were relatively

low. The spatial distribution of PFCs varied, and the pollutant concentrations of the snow samples from the sampling sites located in the

urban areas were higher than those in the rural areas. The greatest total PFC concentrations were detected in Fuyang, whereas the

lowest concentrations were detected in Jiande and Chun’ an. In this study, the high concentrations of PFCs dominated by PFOA that

were measured in the Hangzhou snow samples emphasize the importance of atmospheric wet deposition as one of the sources of PFC

contamination in this ecological system and should be addressed. The occurrence of PFCs in the air, indicated by their presence in the

snow, suggests that the atmospheric environment may be an important contributor in human and ecological exposure to PFCs by local

residents.

Key words ; perfluorinated compounds ( PFCs) ; snow; Hangzhou; pollution characteristics; UPLC-MS/MS
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1.1 FERCRAES A

TR AL 11 A SRR X dE BT 7 X S %8
B RS AN 1 TR 85 RAE A PRGNS
LR 1. FEa e iE VR HE T A P AR AR R A
WA A 2016 4E 1 H 20 ~22 H. FEN RS THH
PR 2= R A 2R Ak TR A1 B 500 mL AR T
255 ALY Waters WAX [EAHAEBUH: (#H:FARIKH 5
mL 1% Z/K TS ,5 mL HEE,5 mL 58 F/KiG
1) I ZE 4 mL-min~', FFRESESS G 5 mL
20% YRR eI T T SRS 4 mL B | 4 mL
1% 287K F B e IS SRR , AR T, 5% B
P 1 mL 50% W KB R, 22 0.2 pm GHP 13
FLUBRSE AT U8 )5 e ARE L, 75 UPLC-MS/MS 43 #7.
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Fig. 1 Map of snow sampling sites in Hangzhou
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Table 1  Snow sampling sites in Hangzhou
i YA i EAE S SRBE A
S1 T N 30°18'14" E 120°20731"  BUMNGBFHARTF K X IREE Wi sl A8 10, VT X X
2 AW N 30°23'18" E 120°15'39"  RBUX IR KAERETI, ST IX kX
S3 el N 30°09'31" E 120°15'36" 5 L X FRARJR KABRE T, 587 L1 IX 4 X
4 Zl N 30°14'09" E 120°09'33"  EWHHOR/NX N B R T, J8 A1 X, 4879 . SR 1L X UGR X
S5 W N 30°16'13" E 120°08'14" B N B 0I0 o s AR T, @Rl . ARIRA X, AR b R
S6 i}t N 30°17'01" E 120°03'59"  PHIEAEIE/INX N o RSB T, Ja Ja 431X, SIATC M P4 132 1) G 0 2 el
s7 wFH N 30°03'14" E 119°57°17" & PHIX SR OB BB TOT, % BH X3 X
S8 (3 N 30°14'11" E 119°43'12" Il i BREE W I KRB AR IO, i 22 17 8 IX.
S9 il N 29°47'54" E 119°41710"  HJ5 B IR R KABRE TR, A )5 Bk X
S10 Al N 29°28'36" E 119°16'15"  ALETT AR T, AL AT Ik X
S11 558 N 29°3630" E 119°04722" P2 BIR R IR TR, 15 2e B IX

1.2 &5

FERAIHT R ] Waters 8 25 RO €6 3% 43 - 5 B
= PURR AT BRI AY ( 32 [ Waters 23] ) 5 [EAHZEHL
K Autotrace [E 1% BUY ( 2 [E Dionex A Al ), fif

FH Waters WAX (500 mg, 6 cc) [& A% BA: (36 [
Waters A H) ).

PFCs FRUEIA IR (500 mg-L~") 4 [ 35 [F Waters
A, 16 B PRCs TR AR MER AN & &R T K
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( perfluorobutyric acid, PFBA )., 4 % I
( perfluoropentanoic acid, PFPA ). 4 % C R
( perfluorohexanoic acid, PFHxA )., 4 % B R
( perfluoroheptanoic acid, PFHpA ). 4 % ¥ R
( perfluorooctanoic  acid, PFOA ) | ol T Ly
( perfluorononanoic acid, PFNA ). 4 3 2% R

( perfluorodecanoic acid, PFDA ) | 4 f |+ — %t IR
(perfluoroundecanoic acid, PFUnDA) | 25T %R
('perfluorododecanoic acid, PFDoDA) | 43 T = kiR
('perfluorotridecanoic acid, PFTrDA) | 4= 9 1 DU % iR
('perfluorotetradecanoic acid, PFTeDA) | 49 T FEfif
i ( perfluorobutanesulphonic acid, PFBS) | oy TN
fifi iR £ ( perfluorohexanesulfonic acid, PFHxS) | 4%
PEFEA PR ( perfluoroheptanesulfonic acid, PFHpS) | 4=
OOF ki BE BR ( PFOS ). 4 O K OB M
( perfluorodecanesulfonic acid, PFDS ). H B ( {4 %
4l ) M) A8 Merck 28 F], LR (a4l ) W [ 58
Tedia /A F]. SZ5G HKII A Milli-Q Advantage A10
F45 (3£ Millipore ) LAY HLELAR A 18.2 MQ-cm
ALK . r 4

1.3 Kot

SRR HLPECS A Rk E 2 W0 21 T

i ¥ 4% PR R O C o B (Waters AGQUITY
UPLC™,50 im x2. 1 mm, 1.7 win); 33040 # 2
minol - 17 L Z BB K I (A) A 2 mmiols L7} R B

FUIBE(BY J B6 5 VB G0 0.5 min, 25% g 015~ 5

4.5 min /25% ~55%B; 4.5 ~5.0 min, 55% ~95%
B; 5.0/~ 6.0 min, 95% B; 6.0 ~6.5 min, 95% ~
25% B),1i# 0.4 mL-min ' ; AR 40°C ; FESL S IR
BE10°C; AR S 0 wl. Ui 200 . ri e 55 H 2 U
FETFHEA(ESI ) ; 2R MM (MRM) £:0; B
IR 3.0 kV; B FURIREE 150°C 5 Fd i 77 i 5
500°C ; BRI HIACH A A, Wi 800 Le-h ™'y HEALR
REA, W 30 L-h ™' BEFE SO A, W 0. 15
mL+min .
1.4 JFiEdEH SR

Shy it G SC B0 3 AR LA R (L, 4 A ik fil
R UG L B (A B AR IIL. UPLC-MS/MS
8 i 45 I 8 35 O peek A1 OB, [ B R H Waters
PFCs TIsolator kit, 7E i 8 #H7E £k i Ui #% J5 % #% PFCs
THEEFRIEBR T R S T, I HIRE S b
PR AT B R (0 AIMIR: ¥ G, B i RS T 4 ] st 5
WS A5 2R A Milli-Q B4tk (UK HE 5
RN 0. 09 ng- L' 1Y PFOA , JIT 4G 52 5 B4k ¥4 40

%S (. 16 B PFCs Nl An [l IR 7 67.6% ~
109% (RSD2.9% ~ 12% ) , ZEYEVLH }y 1.0 ~ 100
pe L7 HSE R (r) 7E 0. 998 ~0.999 Z (1], A
FR} 0.06 ~0.48 ng-L~" i S4BT EK.
1.5 St

BARGE I X TR A R A FE S T
PLO 3t R A SPSS 13. 0 A4 (SPSS Inc. ,2005) i#47
BAERGE T 53 A, B v & il PRCs o1 52 Y 3 19 AH
KM Spearman A 2¢ R BT

HR5IH

2.1 S PFCs 155K

TERTIN B DXCRAE R 11 DI FEH IR PRCs
(F£2),FrAFEEILR 7 Fh PRCs, 045 C, F1 C,2
P4 FUbe FLAE 2 ( perfluorosulphonic acids, PFSAs) LA
B €y~ Con Gy Gy % 5 B0 & i At R TR
( perfluorocarbexylic acids,PFCAs) ,7 Ff PF.C%:'E‘]’F@ i
(%) 5 PROA== PFBA = PFHxA (100) ¥ PFPA =
PFOS(82) > PFBS (64)>(PFNA (36) IO, # 1k
B KA PRCs AW AR (C <6) | k(1< 0=
10) FHKE (C=11)8 28, 480 55 o 6 0 21 ) L
PFCs 4R ATHERI L 47, L PROA 4 2 38530
), 1 PFUADA . PFDoDA | 'PFTrDA | PFTeDA %5 K4
2 B R A R R o L. 2 B
> PFCs JERERRE NS 2, 85 ~35. 1 ng- 1.~ (FF3
4 15.3 ng-L™"), LA PFCAs 3, Hirh £ 175
LA F PFOA # th BTt Ve E7E 2. 15 31 23.0 ng-L ™'
Z 08 CFHIE N 10.8 ng- L"), HUR S i B vk B A
0.27 ~ 6.81 ng-L™" (FH{EH N 2.40 ng-L7") 1Y
PFBA , HiAY 4 15 Y IR 1 K 113 J5 o vk B 35 (BB /N T
1.00 ng-L~". ASYRIA A FEATH Hh DX RAE 5 r 3t i A6
L PFOA b =) PFCs, T 3 $EAG 4 1975 G ) 38 23
ToKIEA L3, K MK ER RS RS,
A RE S 4 XA A PR o FTHT R . IR A 25 SR A
7R T AT b X R T2 A AR PRCs ) 2
PFOA 75 4% , KA H 2 AT B T AA 4 3 A B ALAE
SHIEFE PRCs MEEREZ —.

BN TS o PRCs 1Y 43 i (0 500 4l
L IE 2, 45 PRCs V34 H 43 ik i R & /MK R
PFOA(68.6% ) > PFBA (15.7% ) > PFPA (6.27% )
> PFHxA (5.42%) > PFNA (1.96% ) > PFBS
(1.83% ) >PFOS(1.50% ). MAA] SN, AHFFT X 35

FEERER T PFOA (5 D PFCs F9 58.8% ~82.1%,
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TE T ALK ) PFCs, 7% PFOA SR X [ 2
o PRCs AOFRAETS e R 7 Ui B T X3y Tl A=
FEHE Y PRCs 22534 PFOA , 3% 5 X £k S8 1T
HFIK T PFCs BT AT A 25 SR AL . e e

T2 RHE L, 5 Rk 22 719 & PFBA, Al
Xof - H e K Ho xRS PRCs V5 Y2 5 ik R 8 v, Al
B PR Ry Hah AR o 5 Tk A KRR IR
2.

£2 HMES S PFCs iT8KED /ng-L~!

Table 2 Pollution concentrations of PFCs in the snow samples from Hangzhou/ng-L '

ST = — S prcs
/mm PFBA PFPA PFHxA PFOA PFNA Z PFCs PFBS PFOS Z PFCs
S1 / 3.84 1.30 1.17 16. 4 0.41 23.1 ND! 0.46 0.46 23.6
S2 42.1 2.32 1. 44 0. 86 12.2 0.28 17.1 0. 80 0.30 1.10 18.2
S3 49.5 2.41 1.04 0.92 11.0 ND 15. 4 0. 47 0.32 0.79 16.2
4 / 2.36 0. 86 0. 65 8.83 ND 12.7 0. 40 0.37 0.77 13.5
S5 53.3 4.10 1.92 1.27 19.1 0.26 26.6 0.42 0.26 0. 68 27.3
S6 / 1. 56 0. 66 0.49 10. 8 ND 13.5 ND 0.16 0.16 13.7
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