Printed in the Republic of Korea

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 23, No. 1, 15-23, 2010

LC/MS/MSE 0|&&t CH7| PFOA & PFOSS| 2% +F ZAl
UHS* - Aeal . HTime 7PIH’“4 USE - ZHYS
ST Sk ST, 2| 2 DT ARRAAT,
SRR SRR et By R By

SEY A Qs
(2009. 9. 28. T4 2009. 12. 25. £91)

Investigation of pollution level for PFOA and PFOS in
ambient air using LC/MS/MS

Kyoung-Soo Kim" *, Park-Min Shin?, Jin-Mo Yeon®, Jae-Jong Ka*,
Yong-Jun Kim* and Chon-Rae Cho®

!Department of Environmental Engineering, Chonbuk National University, Jeonju, 561-756, Korea
Division of Mass Spectrometry, Korea Basic Science Institute, Cheongwon, 363-833, Korea
3Chemical Behavior Research Division, National Institute of Environmental Research, Incheon, 404-708, Korea
*Department of Environmental Engineering, Cheongju University, Cheongju, 360-764, Korea
SRisk Assessment Division, National Institute of Environmental Research, Incheon, 404-708, Korea
(Received September 28, 2009; Accepted December 25, 2009)

2 ok E Aol HFXY t)7] F PFOA ¥ PFOSS| SAT-FS ALY 8l &, FA/Y 2 5
EAoIA 247 7k 0 QA A RS AASA E AL WEkE 2] Sls) AL, B 2
oJ2-o) Zzt AF 8T th7] 5 PFOA 2 PFOSS] F=+ 742t E745-8.02 pgm® (@ 233 pgm’)
1.68~6.94 pg/m’ (Bt 3.12 pgm) & AZ =) o5 T A= fAlAY e S Bt
Abstract: To investigate pollution level of PFOA and PFOS in ambient air, Cheongju city, gaseous and particulate
samples were collected at industrial, residential/commercial, and rural region, respectively. Samples were collected
in winter, spring, and summer season in order to examine seasonal variation of PFOA and PFOS. The concentration
range of PFOA and PFOS was presented as N.D.~8.02 pg/m® with an average of 2.33 pg/m’, 1.68~6.94 pg/m’
with an average of 3.12 pg/m’. These levels were lower than or similar to those of other countries.
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PFOA (C,HF,,0,)
Fig. 1. Chemical structures of PFOA and PFOS.
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LC/MS/MSE ©]-&3F th7] 5 PFOA 2 PFOS9] 24 5 2A} 17
Table 1. Information on ambient air sampling
Sampling region Sampling period Mean temperature TSP Conc. Mean wind  Relative humidity
pine fee e p (K) (ughn’)  speed (m/s) (%)
Indusisial 16~17 Jan '08 267.5 168.4 1.8 455
naustria. .
16~17 April '08 290.8 97.2 2.1 51.0
E127.26.20, N36.38.30
( » N ) 27~28 Aug '08 296.8 417 145 66.8
ResidentiallC. . 18~19 Jan '08 270.1 111.4 1.1 44.5
(5?276’2“9‘38 I\?;ré“;egrzg 18~19 April '08 2917 125.0 1.5 438
T 29~30 Aug '08 298.0 417 1.35 65.5
17~18 Jan '08 267.9 111.3 12 43.1
Rural 15~16 April '08 289.8 152.8 1.3 45.6
E127.28.55, N36.41.21 : : : :
( ’ ) 2627 Aug '08 296.8 27.8 1.6 61.7
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Fig. 2. Calibration curves of PFOA and PFOS (7 points; 0.5, 1, 2, 5, 10, 20, 50 pg/L).
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Fig. 3. Chromatogram of 'C- and "*C-PFOA/PFOS in standard solution (50 ppb).
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LC/MS/MSE- o] &

Table 2. Analytical conditions of LC/MS/MS in this study

3t 7] & PFOA 2 PFOS®] ©.¢ 5 &AL 19

HPLC

Instrument

Column
Guard column
Analysis column

Waters Allance 2695

Zorbax Eclipse XDB C8 (2.1x12.5 mm, 5 pm)
Thermo Betasyl-Cg (2.1x100 mm, 5 pm)

Mobile phase A(MeOH), B(2 mM Ammonium acetate/water)
Time (min) 0-0.1- 7- 10- 12-20
A(%) 10 -30-75-100 - 100 - 10

Mobile phase flow rate 300 pL/min

Oven temp. 35°C

Injection volume 10 puL

MS/MS

Instrument Quattro micro API

Ionization ESI

Polarity Negative mode

Capillary voltage 3.5kV

Source temp. 120 °C

Desolvation temp. 420 °C

Desolvation gas flow 850 L/hr

Cone gas flow 30 L/hr

MRM

2C-PFOA (413-369), 3C-PFOA(417-372)

12C-PFOS (499-80), *C-PFOS (503-80)

Parameters
Cone voltage
Collision energy

PFOA (15V), PFOS (55V)
PFOA (10eV), PFOS (55¢V)

BANFe AA A

3 29 d%S =4
ste] HEste AFSYH S AHE-811. 2™, Micromass
A+l Quattro micro APIE AHE-3IA T} 45 E2 9]
Ad IRl ZFEETH AR HFF A H
= %"4ﬂ1”€114 AZWHS 54 A7 o)

o

WS Agdte] AEs= W< multiple reaction
monitoring (MRM) modeE ©]-8&3}%l o, &&=
18 o] 2 Z+7k9] precursor ionZ product ions &
¢35}t PFOSE 499>80, PFOAE 413>369, "°C,-
PFOSE 503>80, "*C4-PFOAE 417>3722.2 AAH
o] 59 AgSs A st HARAS AAEIGoH,
AN EE Y] FFol B FRlol ATt o
w5 A7k £0.5% ool &3k MRMo| | g
Hart AE=HE EFo] EAI8IA Jvi H okt
PFOS®} PFOA &2 ] A& XFEH ] w59 7
A9 HAE o] &ate] AFAE st SHE A
B AGEEH 92 iA S o] &sto] A ZFst
AT

PFOS9} PFOA®] H &2 05, 1, 2, 5, 10, 20, 50
uglle) T AzE Fagol —g— LC-MS/MSE o] &
sto] BAstaL, 7+ Ao =Y A WAE o]&s)
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rJr 2 AFdAae= @A™ FES 28, FAE @
S 237 Q8 AlEE B Xdon Heke e
20 7H ol FAER FYsto ¥ < %
1 *‘Hl NES —”réio}l *li# E}% 1 v = A5
< g

mlo ro o

o

Astalch, B2 AR 4 FoIE EE BARE 20
A ol NEE FsTh £ AR 2 QC &

Qg EEEAL F7hstel 71710 Hwg Azsdt
LOMSMS 717184 A 493 ARE 4 F 1
FAT7H71719] AL on AHl) DA ABE F7h
23 Aol 133} o] PFOAPFOSS] 34



20 73 Al - AR - 7R - AEE - 23

E ko]l A YER] wiiel 7hssha daEA Al EAEE AR, PFOAS] 7% 3HAY > F4
EE BAEe o] v T Zlo 2 AdkE /"oP°S7<1°-C'1>%% A9 Fo7 Frvt w4 AEHA
7] A EFE 500’22 & 79, PFOA/PFOS)] on, PFOSE AFHA| o) BAgle] HAdeEe vk

A S o] 83t F4 ¥ LOD (Limit of detection) 5 ?—T_E e o H(F TR : 2.85 pg/m’, T4/

2 LOQ (Limit of quantitation)x= PFOA<S] 74 ARG 3.98 pgm®, TEX Y 2.54 pg/m’), 74-—.;?:_’!

LOD (S/NH])7} 0.02 pg/m3, LOQ7} 0.06 pg/m’°] A2
W, PFOSS 7% LOD7} 0.01 pg/m’, LOQ7} 0.03
pg/m’°] tt.
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Table 304 Hz=uke} o] A< t)7] & PFOA
2 PFOS?| srv ZH7t EE~8.02 pgymi(Hd 2.33
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Bl A FAGEZ AHEE Fig. 49 JeERA nle}
o] X g A9 Add BAIFle] PFOA>PFOS
2 Uetg oy FARY A9 9 sEX9 A9
PFOA<PFOS®] 7388 Bt}

FALFAAGANA 71 =2 FE(6.94 pgm)E H
Z5 9tk et PFOAE A E AFHA G wat o
FE WelE Uehd v, PFOSE AFHA G H 5
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Table 49 &) 71A] E_T’_El U9 7] = 23}
3}9-E(PFOA 2 PFOS)¥& #A5.E Az sle] Yeh)
Tt Table 4914 B npe} o], 7)1 & tide g 3t
AT FAZA w Hon, & A7 A A<
AF9] 7] ¥ PFOA ¥ PFOSE Y2 Morioka,
Iwate, 71572 Albany 3 59| th7] o} FA FES
Z Yelgon, o] Kyoto, Oyamazaki Bt W2
2~2 O (/‘\);]‘E]_

B AFoA F48% 7] F 7k 2 gAgel
A= o] 9= PFOA % PFOS®] F&¢ th7]8H73¢
ZH71&, TSPEE, FUFE, 5) 19 FA3AE
AN A, 7Y FHE *ZH 8= PFOAE 71i
(t=0.633), TSP (r=-0.821) 2 At 5% (1=0.953)} =
FAdE Bl v, TraA PFOST_‘ PFOS &%

Table 3. Concentrations of PFOA and PFOS in ambient air, Cheongju city

. . PFOA PFOS PFOA PFOS

Sampllng Samphng g Sample (pg/m3) (pg/m.:) (ng/g) (ng/g)
Season Region 1D

Gas Particle Gas Particle Particle Particle

I W-I n.d 8.02 2.92 1.25 23.82 3.73

Winter R/C W-R/C n.d 1.17 2.72 4.22 5.24 18.94

R W-R n.d 0.19 1.78 1.40 0.84 6.29

I Sp-1 n.d 3.04 0.11 1.57 15.65 8.07

Spring R/C Sp-R/C n.d nd 1.18 2.07 n.d 8.28

R Sp-R n.d n.d 1.73 0.96 n.d 3.13

1 Su-1 2.17 3.63 2.59 2.64 43.50 31.70

Summer R/C Su-R/C 1.77 n.d 0.98 0.79 n.d 9.46

R Su-R 1.00 n.d 0.81 0.92 n.d 16.62

*], R/C, and R means industrial region, residential/commercial region, and rural region, respectively.
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LC/MS/MSE o] 83} th7] % PFOA 2 PFOSY] 9.9 43 XA}t 21

pg/m’
Industrial region Residential /Commercial Rural region
region
8 4
M PFOA
[ O PFOS
& -
4 4
) H H
0 4 ~ L L — T L I—
2 2 & g Z g 2 2 g
= = S = j: g = s =
= 7 5 = A £ = % E
177} 7 171
Fig. 4. Distribution of concentration of PFOA and PFOS in ambient air by sampling regions.
Table 4. Concentrations of PFOA and PFOS in ambient air in previous literatures
Country Sampling site PFOA (pg/m®) PFOS (pg/m’) Remark References no.
n.d-2.17 (0.55) 0.11-2.92 (1.65) gas
Korea Cheongju (n=9) n.d-8.02 (1.78) 0.79-4.22 (1.76) particle this study
n.d-8.02 (2.33) 1.68-6.94 (3.41) total
Oyamazaki (n=12) 72-919 (262.7) 2.51-9.80 (5.2) 18
i Morioka (n=8) 1.59-2.58 (2.0) 0.46-1.19 (0.7)
apan Iwate (n=8) 32-52 (3.9) 0.6-2.4 (1.2)
Kyoto (n=8) 72-407 (172) 2.5-8.0 (5.0) 19
China Shenyang (n=8) 2.3-15 (5.5) 0.2-1.6 (0.6)
USA Albany (n=8) 1.89-6.53 (3.16) 0.94-3.0 (1.70) gas 15
Albany (n=8) 0.76-4.19 (2.03) 0.35-1.16 (0.64) particle
Bight (n=7) 1.9-6.1 (2.8) 0.1-2.3 (1.1)
Germany Bar (n=2) 0.6, 0.7 1.6, 9.1 particle phase 20
GKSS (n=2) 0.6, 1.0 0.2, 0.2

(r=0.845)9} 7t 3443-& YERNSITE.

%124 PFOA % PFOSE 7+7} PFOA (r=0.951) &
PFOS (r=0.883)2] ¥ F=9} =2 J#A4S 1o 7]
% PFOA$} PFOSE X 3 AR EA)

3k Hl&o] =2

ﬁd
©
)
b
0
o
N

22 9 5 Atk

3.2. 7I2-Xt 2l
Table 3914 H= vfe} 7o) PFOAS] 7% 1 7] 4]
SN 7kt G4 SR B EA) gEe

Vol. 23, No. 1, 2010
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Table 5 2 Fig. 59 t)7] & PFOS9] 7123} TSP
58 2# 3 7h-A ARl Al 42 (log K=(Cp/TSP)/Cg,
[m¥ughekel #AE e ATt Fig. 594 B )
9,}_ 7E]—o] 7]_\9__0] )\]-/’\‘cs‘]—/\_g_ uHH;ﬂ}\ 71-0] 7.]]]% 7
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Table 5. Gas-particle partitioning coefficients (log K) and fractions of particle for PFOS

W-1 W-R/C W-R Sp-1 Sp-R/C Sp-R Su-1 Su-R/C Su-R
1000/T (K) 3.74 3.70 3.73 3.44 3.43 3.45 3.37 3.36 3.37
TSP (ug/m?) 168.4 111.4 111.3 97.2 125.0 152.8 41.7 41.7 27.8
Fraction of particle (%) 30 61 44 93 64 36 51 45 53
log K -2.59 -1.86 -2.15 -0.84 -1.85 -2.44 -1.61 -1.71 -1.39
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Fig. 5. log K versus temperature for PFOS.
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