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A Study on Desorption Efficiency of PAHs according to
Desorption Solvents by HPLC with Sonication Extraction
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Samsung Health Research Institute, Samsung Electronics Co. Ltd.

ABSTRACT

Objectives: In general, NIOSH method 5506 is most widely used for the occupational exposure measurement of PAHs, but 2-4
ring PAHs have poor desorption efficiency, especially for a filter. The purpose of this study was to determine a method to increase
the desorption efficiency of 16-PAHs using an ultrasonic extraction procedure.

Methods: Test samples prepared spiked XAD-2 tubes and PTFE filters in the range of 0.01-1.0 xg/mL for desorption efficiency
study. Four different extraction solvents, acetonitrile, acetone, tetrahydrofuran and dichloromethane, were tested in order to select
the most suitable solvent for the extraction of the 16 PAHs. The addition of dimethyl sulfoxide and sonication time were
considered in order to determine the method with the highest extraction efficiency. All samples were made in three sets and
analysis was replicated seven times by HPLC.

Results: Acetonitrile and acetone were the optimized as an extraction solvent and desorption efficiency of 2-ring PAHs such as
naphthalene, acenaphthylene were increased 3~19% with dimethyl sulfoxide for XAD-2. Acetone was the best extraction solvent
for PTFE filter and the desorption efficiency was increased 3~13% for 2- to 4-ring PAHs. The optimum sonication time was 60
minutes and desorption efficiency increased with extraction time.

Conclusions: As a result, the best extraction solvent was acetone with dimethyl sulfoxide for ultrasonic extraction procedure and
the desorption efficiency of this method was better than NIOSH 5506’s. This study could be applied as a method for occupational
exposure measurement of PAHs.

Key words: desorption efficiency, PAHs, PTFE, ultrasonic extraction, XAD-2

LA =2 WHO, 1987). PAHs= #lAl 18|22 dZAE o] 9lom,
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W oo =9 7] 24 oftolu de] ExEo] S 371 & PAHs= SRz EAstaL, @ o4

2= qlom, Z4at MOMY EL wo|9A 2ol wo| Ao FEE Hekw 9oJ(USNAS, 1983) =A

Zerelo] 2lo] AT B BACIUIARC, 1983 HAol 7cke Baolul, 55| o F5o] 971%

*Corresponding author: Kwang-Min Choi, Tel: +82-31-209-1206, E-mail: k.m.choi@samsung.com

Samsung Health Research Institute(SHRI), 95, Samsung 2-Ro, Giheung-Gu, Yongin-Si, Gyeonggi-Do, 17113, Korea

Received: July 7, 2016, Revised: September 20, 2016, Accepted: September 25, 2016

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.

307



308 =21 - o|XI2 - HYT - 2D

o] B iHe] o] 4 2dES &t
L] o]ggo] W} k3l PAHs9} 7S ulgulyg &
713 ES] o2 AR o8l ARETL o

. o

249 22 93, ZAE A|=o] A3|Hgo] 9xpgo
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@2 e 2 Bo] ol IS B4, S Wel
glo] Wa s, AF7HA
PAHsS| B3 58S ol7] 94 ofel 744 e

3

A PAHs =W o2 Wo| AMSE=
2Z-2lIH(Soxhlet), %235 (Sonication),

=
-.C’T?'ﬂ ——T—%W(Supercritlcal Fluid Extractlon) ot

N{N'
ﬁ‘

http://www.kiha.kr

G2 22 4 o) S4-100%e) B B &
42 YellHtKKilian et al., 2006). 314 A
A 22Ee 22 Suvl wol Wew »
A2l Axp7p Bdskal Agko] 48 E=(1641%F o4)
tHdo] K Guerin, 1999).
S HE3 FAHG 82 ANt
&, i Ao R gol AREIL ik AR A
M= £&58 FEHANEY 2 A& Yehdo
3 ®IEF3L Q1O m(Sun et al., 1998; Guerin, 1999),
A= 440] Mol wol AMGET Qi W Fol o
L}o]tHDEH, 1999). Guerin(1999)2 EXx}&Fo] 2kl
|4k o] = naphthalene, acenaphthene, acenaphthylene
o AA WHom Alm EHE A7) ffs|
S8 AH|EG 220 ZH]e] geo] § skl
Haskal Qo shAIuh b e ME mjER A0}
Wl ueh ago] debd 4 glow, EAE
T 50| M4~76%= Hobx= whido] Q)
TH(Daniel et al., 1994; Kilian et al, 2006,). ZJAF
Az 2 AN FHFLL H|26A
v, HxpE A3 =8 AWAS YelHT(Miege et

e VE
1B

>~1

B
mlo

-

2
=
al

al, 1998). A ZAAFAFESEH-S L2(>37
47C), Y218 atm)Ql M A8 4= 9lo
o, o] oA Fa4o] gz THEoA=

o] Qlth(Yang et al., 1997).

I 9e= F7], B, o 5 28 F PAHsY ©
bR om o7 7hA] HSo] A EI glow,
A& A7F Y=L lek shARE A E
HollA 571 & PAHs =53 719 54 9 A W
Holl ik ASAQl A= APEA o gloen,
PAHs2] B4 Hof tf3] ¢3L= Choi et al.(2003)
9 Hong & Choi(2015) 5 45 3= u} ok &
3} NIOSH method 5506 H'Ho] PAHs =297} WY
o7 7P wol L Hal jley 16% E85 5A
sjsled Be TSl glof olof g Aol
nAe] WA Basich

whgha] 2 ¢ Lo A= NIOSH method 5506 HH
o] Algte& =lsta, of2] 7HA] PAHs 22 &

9 AJoF ARGl thslf A A olar xArH ol ZF
et 2SS 01%3}04 PAHsO| 222 &5 3
% selstant stk

I

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(3): 307-316



Lo7d A BEZE
EPA TO-13A°4 A4t AT = 165
naphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, antracene, fluoranthene, pyrene, benz(a)
anthracene, chrysene, benzo(b)fluoranthene, benzo(k)
fluoranthene, benzo(a)pyrene, dibenzo(a,h) anthracene,
benzo(g,h,i)perylene, indeno(1,2,3-cd)pyrene ThAFS
3l tH(Table 1). PAHs 3¥& AJ9F2  Supelco
(Sigma-Aldrich, USA)AFS] 165 =3¢ A|=(EPA 610
Polynuclear aromatic hydrocarbon mixture)2 AF&-3}
L, BHE ol&ste] dAERE 34 sto] ARg-sETh
o2 AFEE 84 W GRS acetonitrile(ACN),
dichloromethane(DCM), acetone, tetrahydrofuran(THF),
dimethyl sulfoxide(DMSO)©]iL EFr Sigma-Aldrich A}

9] HPLC grade(99.9%) 55 A& A3t
Table 1. 16-PAH tested in this study
Compound A:g(r;lvi Rings Formula Cl;?;fiat
ion
Naphthalene Naph 2 CioHg 2B
Acenaphthylene Ac 2 CioHg
Acenaphthene Ace 3 CiHyo 3
Fluorene Flu 3 CisHio 3
Phenanthrene Phe 3 CisHio 3
Anthracene Anth 3 Ci4Hio 3
Fluoranthene Flt 4 CisHio 3
Pyrene Pyr 4 CisHio 3
Benz(a)anthracene BaA 4 CisHis 2B
Chrysene Chr 4 CisHiz 2B
Benzo(b)fluoranthene BbF 5 CyHiz 2B
Benzo(k)fluoranthene BKF 5 CyHiz 2B
Benzo(a)pyrene BaP 5 CyH» 1
Dibenzo(a,h)anthracene DahA 6 CpH)» 2B
Benzo(g,h,i)perylene BgP 6 CpHiz 3
Indeno(1,2,3-cd)pyrene IcdP 5 CpHyy 2A

IARC classification stands for “carcinogenic to humans”(1),
“probably carcinogenic to humans” (2A), “possibly carcinogenic
to humans”(2B) and “not classifiable as to its carcinogenicitiy
to humans”(3).
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RAo] AMg3 Al 1% oA A zohE T )
(High Performance Liquid Chromatography, Agilent
1260 infinity LC system, USA)2 }2)/71 A4 3%
AZ7](UV/VIS absorbance detector, UVD)e} &34 &
7|(Fluorescence detector, FLD)& & Aol ©]-&3}3ith

PAHs 16% £ He|S 9l #o)/7A18A &
P B NRERE F2A7A 254 nmE
A AT, FBAEE FEE Fol7] 99
2UEE gL gE2d san 7 B9 o]
(Excitation) 3} 1} HFZ(Emission) 73S \;=245 nm/
375 nm (naphthalene, acenaphthene, fluorene), A\,=260
nm/420 nm (antracene, fluoranthene), A;=254 nm/390
nm (pyrene, benzo[a]antracene, chrysene), As=260 nm/

0 oox oY
e

420 nm(benzo [b]fluoranthene, benzo[k]fluoranthene,
benzo [a]pyrene, dibenzo[a,h]anthracene, benzo[g,h,i]
perylene), As=293 nm/498 nm(indeno[1,2,3-c,d] pyrene)
= 4Asigrt.

T3t PAHs 16% E219] B2 = (Resolution)E 3FA}
Al717] 9138 AgilentAl] PAH Z-8 ZZH(C18-PAH
column, 5 ym %250 mm, 4.6 m)= ARESIACE o] FA)
© ACNT} 2542 o] &5}0] A|1bo] me} o] 54l
H]w‘%& ZZ35}= Gradient eluting system .2 3} S
o, FHFS 1.0 mL/mino.2 A5tk 28 o=
30CE 510] o] EAke] £ Wlol] T jrE Al
o] P 43} shYieh AAIRE 24 =1 Table
20 JeERY A thAZEHA 0.02x107°~2.39x10° ug/mL,
r* = 0.9985~0.9999).

3. PAHs M E M2t 2! @Ot Hhy

PAHs ME AZS 95l A<y BES PIFE
(Polytetrafluoroethylene) filter(SKC 225-1713, USA)9]|
724 542 XAD-2 tube(SKC 226-30-04, USA)E
o|-gstAL:. 165 =do] EFH PAHs ZE=4S
0.001~0.1 pg/mL H9J0] 47 H=5 ZHzho| ujxo]
spiking 3Fo] H=HE 3 setS A& slo] whE B AJs)
ack B2 34 9 Hx g =S EPA TO-13A%}¢
NIOSH 5506 ®HH-2 Zasheich

PAHs AZ A7 22 NIOSH 5506004 A|A|
3} g2t ACN 9] acetone, THF, DMC 3%& #7}
st g £Ro| G2 ERS B7E5HIL DMSOL
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Table 2. Conditions of HPLC system

Variables Conditions
Instrument HPLC (Agilent 1260)
UvVD 254 nm
13.5 min A 245 nm/375 nm
14.8 min A2 260 nm/420 nm
Detector FLD. . . ’
(excitation 18.0 min A3 254 nm/390 nm
femission) 21.0 min A4 260 nm/420 nm
28.0 min As 293 nm/498 nm
Column Eclipse 4.5 x 250 mm, 5 ym PAHs C18 column
0 min : 50% ACN
0.05 min : 85% ACN
Mobile condition 3 min : 50% ACN
(Gradient mode) 13 min : 85% ACN
15 min : 100% ACN
40 min : 100% ACN (Post time : 3 min)
Flow rate 1.0 mL/min
Injection volume 15 pl

AAY A 7} gele] xS )W Wristel
DMSO d7to] W &g WrhE AWsiAr. E
ACNS D28z slo] 287 He] A7k w2
AEL Arlelgd, A7 30, 60, 120802 1
o] HAES ALY,

lo Q@ 4 2 . 4

s
flot
fn K
Ll
Ulo >
S ¢
oA 2
OlO lﬂ _>|:
o5
= l'N' 2 !
i mjo
>y B
AL s et
= o
o N
rir o O
PO r3
b o oy
1 m G
rE ; 2o
e

1. Of&flof 2 EH&t 58 EIt
1) F&{FH(XAD-2)

XAD-2 BEHo|| ==& PAHsE spiking 3lo] &
A A3} ACNL2 79.9~96.8%, acetone> 83.3~103.0%,
THF = 97.2~115.2%, DCM-& 53.6~92.3%% 11, Z}Z}
9] =28 82 Table 39 YEFUQITE ACNI} acetone

Table 3.

Average desorption efficiency of XAD-2 by solvents

Desorption Efficiency (%)

ACN’ Acetone THF DCM

Naph  88.5+19.6  90.6+19.3  100.6+21.5 -

Ac 903112 945496  97.248.6 -

Ace 89.749.5  88.846.9  106.4+14.6 -

Flu 824473  87.046.6 1125487  73.6+19.0
Phe 96.0£7.2 954484  106.1+8.9  58.7+15.7
Anth 953492  92.8+7.4  111.1£15.6 68.0+17.5
Flt 93.0£5.8  91.1£7.5  111.8+10.9 78.4+10.9
Pyr 87.1£7.0  100.6x10.1  105.4£7.6  70.9+13.2
BaA  882+6.1 972452  108.7+49  63.6£20.5
Chr  87.0£11.3 100.5£9.6 1112+16.7 53.6£17.9
BbF  87.1+63  96.9+83  115249.7  63.7+18.2
BKkF  83.9£6.9  103.0£5.0  108.3+4.7  79.0+7.7
BaP  96.8+15.0 98.8+149  110.9+7.6  92.3+19.4
DahA  79.9+12.1  85.5£9.6  108.0£8.7  62.2%13.3
BaP  85.7+13.1  83.848.6  104.2+11.2 57.9+18.9
IedP  87.0£12.8  88.046.7  110.0£6.7  66.2+16.2

" ACN : NIOSH method 5506
R FEet

= M= A RE W, 165 =4
A

Jkglo] NIOSHO A A A8l

g2as 7lE 75~

125%9] EAYH-S =314t} Sun et al.(1998)9]
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A+
THF= B @3 38&0] 100%E 9L
7} =8 Mo AL 120~130%71A] UERfo] 1L
2 45 Bg7t He 4% itk DCM2
T 9] Adglo] WAz 7t 2~37H<1 naphthalene,
acenaphthylene, acenaphthene A 7}#] &2 <Ql9]
57 ek, mze] @Y @Akl bt DCM
© 236 nmErt $e wpgel L ARst AE HA
or7] wj&of fluorene ©|& TIAL Tl T 4~ ¢
&Y XS AlAH(reverse phase column)oj]
A} A H(normal phase column)@] ©]54Hel DCM2
F-oF7] wiZol A=A T2 Bd" A4
Uehta, 54 27 & H%] ¢9ftt Norman
(1978)2] oA = A=A DCME o] 57<
2 A8 o], strong solvent® A £ = 2715 %]
W Tof mE EElE= AstETtal shyth

Guerin(1999)2 GC/FIDZ PAHs 24]A] DCM1}
acetone= 1112 4L SuiE AP 4 PAHs9]
gxagol 7MY =rhal 25k, Gyula et al
(1996)2] Atol A= DCM THF O] a&°] 7H =
UtkaL sk shANE & AStol A= DCMI ACN
o] vjE&E 2:37HA] ZEst e JA4EHE T3 &
Fol MR ol A" ARgAlolE BlSAd &
¢l DCME 22H8mi = ARESte 21 A9)shA]
et wekstol DMSO 3d7F A7 oA DCME
Al sttt

=
=
S

qr

>~

o]

2) o] 7} 2] (PTFE filter)

oAztAlof] mte mg H7h Az MATe o wke}
B80] 27 Dl A A3k Table 40 i}
Yoich w2 gofek Aglo] WAl melr} wobd
= G2 ago] w9k, Ay 2~-371¢ EEE0
22§88 30~40%= A 7 =k Baek et
al.(1995)¢] 14+ AifofA= WAl 37] o]she
naphthalene, acenaphthylene, acenaphthene®] 3]4=8-0]
35.2% olal =] o] HPLC 2414 8] %8t 717
oA AR EAojEtar Huskgrh dHbdom
naphthaleneX} acenaphthene-2 Z|¥tAdo] =7| wj&oj
A= EAo] wol dojuf gztago] Wolx|= Zako|
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Table 4. Average desorption efficiency of PTFE by solvents

Desorption Efficiency (%)

ACN’ Acetone THF DCM
Naph  34.5+18.7  36.3+153  37.9+17.9 -
Ac 354147  35.9+12.8  42.6£19.6 -
Ace  41.0£16.8  37.0£11.4  43.0+5.4 -
Flu  482£10.7 57.1£19.9 57.1+10.8  24.6£5.6
Phe  44.1+12.3  51.4+£122  57.2+19.0 31.8+13.5
Anth  53.0£6.9  74.1+145 79.0+17.6 50.9£16.9
Flt 68.5+7.3  80.4=18.1 90.9£14.6 53.3+22.9
Pyr  64.1£169  84.4+154 91.5£13.2 65.5+25.1
BaA  95.0+13.4  99.5+8.1 118.4+22.5 76.6+27.6
Chr  93.6+£10.6  97.4+72 117.7+21.5 77.6£20.5
BbF  932+17.1  95.8+102 115.9+13.1 93.1£26.0
BKkF  95.6+17.9  97.2+10.8 114.9+8.8 78.1£20.5
BaP  101.0£15.9 102.9+12.8 130.2427.9 107.8+24.1
DahA  883+13.7  91.1x104 109.7+13.2 73.3+28.3
BaP  78.9+18.8  87.2+144 106.6+7.5 84.8+14.6
IedP  91.6+11.1  92.8+12.4 116.9£9.4 79.9+27.9

* ACN : NIOSH method 5506

Qlth(Kayali et al.,, 2000; Oluseyi et al., 2011).

Acetone®} THFE= HlAl T E] 47) o]AF EZof t3)
T 80% o]de A& Holil, ACNLS EAFo]
2280]4+e] ®Al L] 471 ol EAFE HRA &0
78.9~101.0%2 b= itk THF:= wlZlTe] 47] o
A E-e disl Hak gEREEo] 110%7F 9ol
E-3] benzo(a)pyrene ] 7% 130.2%71A] 7} =itk
DCM-2 HlAl312] 27l ¢l naphthalene, acenaphthylene,
acenaphthene®] ¥ 3= 3}0lo] =2 A9r1, F&E
o2 g@2Rg 350 mls W Edde &4 HA
% A ofahx) Lol E DOMS S2H-gu) 2 AFgohs
Ae HFsHA ek SHAIT Ryno et al. (2006))
Aol w717k 5 AR 284S 250 97
sto] HPLCZ £ 3S of oh2 §ufj5 Hrh DCMO]
M e B8RS UeR Bast] & dTels
Apolgt Azke Lrebwict.

Aol 21L& PAHs7} 2AFgFo] 2 PAHs ot A
& Ao A Y=t ol AR ZollA &
Aol 2o BAFo| FuEo] AR Ealo] vt
7] wj&o]|th(Baek, 1991). Seo et al.(2009)2] Aol A
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T o] Al 1o R e AErh AR
AEA PAHs O] 7-9- @/ do] oF 20~30%= LERd
o}l B skgich

=4 FolA= benzo(a)pyreneo] WHE-ZEAof gt
HAR7E iAoz Z=T(12.8~27.9%), sLA= Bt
B BaA] AE T 1247 Fol AW 1) 150%
7HAl e 7E EQAnh AR e & 7| Agte] dojd
52 oA} AROw, AR WA 45 v 24
afjoF HEst diojElE 4L 4= AU #HAe
7} 27§91 naphthalene, acenaphthylene®= HWHzA o]
ot HAP7E & HolfleTl o= el o3t Al
7 &4 7o g wtE PTFE o] 24A]7} XAD-2

filo

F2 BHwC WA 237 20 g8 AR &
< s HoAlE 54~283%2 A5
H(4.7~21.5%) Et} =tk
2. Dimethyl sulfoxide E7}0f| LI EF&IS &
1) F&{FH(XAD-2)

2R Eo] DMSOS #7hste dAestile o
7} BA¥ F&S Figuwe 13 gl FHFHI
DMSOZ A7H1S o, WAlue] 4o] G2 &g 2
o)== gl9lal, ACN-& 57} E-%(acenaphthene, fluorene,
phenanthrene, fluoranthene, benzo(g,h,i)perylene)2 A|
QJslal §890] 6~17%7FA] =015 0, acetone 3

30

®ACN m Acetone B THF

20

o)

o

T

Il

Desorption Efficiency (%)
o

N
o

-30

40

Naph Ac Ace Flu Phe Anth Flit

Pyr BaA Chr BbF

BkF  BaP DahA BgP IlcdP
PAHs

Figure 1. Variation of desorption efficiency of XAD-2 with DMSO

m ACN m Acetone u THF

20 1

10 ¢

-10 +

Desorption Efficiency (%)
o

-20

-30

Naph Ac Ace Flu Phe Anth Fit

Pyr BaA Chr BbF
PAHs

BkF BaP DahA BgP lcdP

Figure 2. Variation of desorption efficiency of PTFE with DMSO
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7l &% (benzo(b)fluornathene, benzo(a) anthracene,
chrysene)2 A|Jstal 1~10%= Z7}5}%th THF =
ACNO|L} acetonel= HiT] 9FAMS UERHEY], 270
sz‘(acenaph‘[hylene benzo(g,h,i) perylene)S A|Js}kaL
22 E-A mEo] 2~30%7HA] sk ATh

Ohura et al.(2004)= E9F 5 PAHs &2 99
DMSOE H7ta 79 PAHs7} SHE = Z2& WA
sto] g2ta 82 =9 4 3o, Kaufmann et al
(2005)2] < FLoA= DMSOE gzlolo] H7}slo
ARG B AEY SeleE S7HAITIAL HA3TE 2
NAAY broad3s} == AL 92 4 rfal ®Has)
ATk 2 ‘H——;Loﬂl\i“ ACN, acetone, THF S &2}+-&nf
2 AR A9 va 273 el broadshs WA E
A AL, %1—‘% E4o| 3t gztago] 271517
ool 53] /o] ol Eatago] W WAL
2] 27§ =% naphthalene¥} acenaphtheylene®] H-4JA|
2a} Ego] Z715H9ic) g DMSO9] H7lbo] upe
A8 WA B4 Bevh @ A4 g 9% ng
o] We DCME Alelshait.

2) o I} X| (PTFE filter)
oi}A] A Al DMSOE 7 o 2 &4l

&2 Figure 20 YER Itk DMSO 37}l wh o

Table 5. Comparison of extraction efficiency by sonication time

A golol WE PAHs EROHHC| YRES Bt AT 313
El ]

<= WAl a1 470 o] el = ol DMSO% 7S
o], BAaE0] 321%7H4] Ba&o] skl o, fAl
2] 2~37l1Q1 E- o A& 2~19%71X] Z718}Tt. THF
ACNO|Y acetoneX}+= Rt 2, WAL E] 37] o]AkQl
2o sl ado] 1~33%71A] S8kl WAl
e 27121 S ago] & Aol7h uhA| ekotth

Toriba et al.(2003)2] AFox= X4k = PAHs A
A2 A DMSOE Z7Fetkel wheh 3ol AL A&
£Alo] WO paphthalene®] ©2Fd-&0] 25% =714
ohal BAskth B Ao A= ACNI} acetone O 2
221318 u], naphthalene®] &2t8-80] 6~19% <7}
3| B3t A= B¢, DMSOE H7Fstd o] 2x]
o] naphthalene & acenaphthylene 5 A28 2~37}
A ALY FRELE ¥Y 4 Ak AW
DMSOE 7leheiehe Wilme) 23709 A &
A= tsfA+= NIOSH &&F Hil 7]l 75~125%
HelE WEAIZIA] 3Tk

fr K

3. 220} X2 AlZtol ope 4
2wt el A7e] e g Bk AFL ol
23t gopEz 2 Aol7t o

=
2E

XAD-2 tube (%)

PTFE filter (%)

Solvents - - - - - -
30 min 60 min 120 min 30 min 60 min 120 min
Naph 92.3(+3.6) 88.7 61.8(-26.9) 37.5(+3.8) 33.7 18.7(-15.0)
Ac 92.5(+1.9) 90.6 67.7(-22.9) 42.8(+4.2) 38.6 25.6(-13.0)
Ace 79.9(-19.5) 99.4 84.3(-15.1) 12.4(-31.4) 43.8 27.7(-16.1)
Flu 89.3(-3.5) 92.8 84.0(-8.8) 14.6(-30.5) 45.1 37.9(-7.2)
Phe 73.5(-26.4) 99.9 84.1(-15.8) 21.7(-15.8) 37.5 27.4(-10.1)
Anth 78.1(-12.4) 90.5 79.2(-11.3) 42.4(-31.2) 73.6 53.0(-20.6)
Flt 80.9(-10.7) 91.6 88.7(-2.9) 54.9(-24.2) 79.1 85.0(+5.9)
Pyr 71.9(-19.2) 91.1 85.2(-3.9) 64.4(-17.3) 81.7 72.7(-9.0)
BaA 67.0(-23.7) 90.7 88.2(-2.5) 71.2(-23.8) 95.0 84.6(-10.4)
Chr 66.1(-24.7) 90.8 87.6(-3.2) 78.8(-13.4) 92.2 80.9(-11.3)
BbF 59.7(-28.2) 87.9 84.0(-3.9) 70.8(-18.9) 89.7 89.5(-0.2)
BKF 59.7(-26.9) 86.6 90.8(+4.2) 68.3(-28.5) 96.8 83.8(-13.0)
BaP 58.4(-39.3) 97.7 94.1(-3.6) 78.7(-15.9) 94.6 86.5(-8.1)
DahA 54.1(-35.3) 89.4 92.7(+3.3) 69.5(-24.6) 94.1 81.3(-12.8)
BaP 45.1(-30.2) 753 72.6(-2.7) 56.6(-29.0) 85.6 83.2(-2.4)
IedP 47.9(-37.4) 85.3 83.7(-1.6) 77.1(-14.7) 91.8 85.7(-6.1)
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o] ACN 150 sl +33k3iey. 259} 2== 40T=
a7gstaL A AIRES 30, 60, 120222 FS uf v
o] W2 7L HwsFGIc). Table 5= NIOSH method
5506 P o) 280k AB|AI7Hl 60RE V|EOoR GE
vl AaS vebd Zlojoh of x|, 3‘3}%5 L 60
w7 250 AYPE o aeo] 7H w0 BAE
o] k31 3|EAlo] 743t naphthalene-> _%EJ} x{a] A
7o) BL2=2(305) T8o] &9tth Barco et al.(2009)
9] AL A} A= naphthalene-2 3|dhA]o] ZFaljA =
&3t He] Albo] Zoju4s Ago] Woldrkil 59)
S, naphthalene, dibenzo(a,e) pyrene,
(a,i)pyreneS A|2Jetil= 25Tk A 2] AJ7to] 45~60+
©% Qojups BAERO| Rolulkn Husc)
Mehmet et al.(2007)-2 4557t 221t A& P2 wj
Vg S BRES Holu L} A|70] 45605 Aol
o oRzre] E& WMol WAYLHY HusgL
WA 37 olgel BAES 2g Ael ARt
of 302 W 60 Az I wHu dZa

dibenzo

ol Agtol 31l

3 wuct EgOI 25 st (FARD
8.8~26.9%, oJI}A| : 7.2~20.6%). WA 12| 47] o|A}
o EHE2 1208 239 AYFS of 60&7} v
gk pEOIAY g H2 AR SIEHIT

V.2 2
2 AtoA= PAHs 163 EH9 938 8S =
o7l Hall =33 AHYHE o]8sto] 459 &j
ACN, acetone, THF, DCMZ 2zl Hlu AFL

shodar, Aut= cheal ok

1) TAEH(XAD-2 tube)= PAHsO] H=99] A
I3lo] ACNiL acetoneo] H2RHguj= A3tslgiTt
DMSO H7tef whah wlAlazz] 27§Q] naphthalene,
acenaphthylene®] ©2a 82 6~17% Ar<53lAch

2) o|7}X|(PTEE filter)+= acetone©] WA 12| 47] o]
2 =48] thsfl 80% ode] w2 mEe Yol o}
Al gzko] 71 A9ksketh. DMSO 37}t of ftof whe}
AL E] 471 o5kl EEEL] HAA S| 3~13% F=

http://www.kiha.kr

Z7h= SFQLe, NIOSH 22t 7]5(325%)- RHE5}HA]
Tl 24~57.7%9) F& 982 eI
3) 259 A7 /\17}01] w2 g2 g &2 wiAof o

2k 2 Aol e, 607d o 7 &m0 =Sk
L FEkAol 733t A E A PAHsQl naphthalene,
acenaphthylene-& %S} Aj7lo] ZojALE AR &
Aol wobA 304 AYFE o 7 a&ol =tk

Z7] % PAHsQ =37} HH <l NIOSH 5506-2
oAz|o] F == 47 =459 dFaso] 54
sl Wiof w7l Ao e BAIWe] otk ofd
2AHE S Zel7] s 2 Aol oo A
2] HFH O 2 acetoned BRMEU|R ARE-3}31 dimethyl
sulfoxideE AF(Gul) F7Fsto] 6027 233 A g
3}191S w] NIOSH 5506 HHH HT} §-80] &olx|= A
= sty HlE WA e 2~370¢ EEES
NIOSH 22 58 AIL7|Z2#25%)S 2k 23

]U NIOSH 5506 ®HHtl §-89] 2~19% =715

, WAl Y] 47] ojAkel ERAELS g8o] H%E 80%

oo clgtlo] A2e PAHsS] Sapo s
gelrin wessch

PAHst= E79] =71 Wg Bk ofyal &z o
ulel §80] F435] gk AEst Frprt o]ge EA

% sjutolct. |A) = 2lol A PAHs] Sz o] o
o Bhe ATk AR T glout S ol wetE,
Aeluagore] 27 % wEHslel gt ne va
3 Aol 1 Aol A oj|o] AT AR}
PAHs 2450 tjst S2bi o] oFzt A5al7)e 9
Atk ghels] eataid] AgEol Alolh web 2
7] % PAHs?| A2kt =EHA1E Sla) ST o] 23
¥l A 52} PAHs(HIA T 37 o|aho] Satas A

of gt Ml A7} WA Wasih
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Desorption Efficiency according to concentration(%)

0.001

ug/mL

0.005 ug/mL

0.05 ug/mL

0.1 ug/mL

ACN  Acetone

THF DCM

ACN  Acetone

THF DCM

ACN  Acetone

THF DCM

ACN Acetone THF

DCM

Naph
Ac

Flu
Phe
Anth
Flt
Pyr
BaA
Chr
BbF
BKF
BaP
DahA
BaP
IedP

81.6+1.0
88.6+3.9
93.2+2.9
82.4+2.2
95.1£6.3
92.0+1.1
91.4+0.7
90.0+4.1
88.5+2.6
92.7+5.7
89.8+1.7
86.7£2.9 98.5+0.5
98.9+3.8 95.6+11.7
88.9+3.2 80.7+4.9
84.4+3.2 76.3+1.1
94.2+5.6 92.8+1.8

86.5+9.3
93.7+4.9
85.0+1.7
87.4+6.2
98.0+1.0
96.1+4.1
86.9+3.2
98.4+5.6
96.2+3.2
102.9£2.0
94.4+5.1

97.24£25.0 -

94.0+11.8 -

105.5+8.3 -

112.5+2.7 83.2+6.5
101.7£13.1 57.4+7.7
105.6£10.1 67.6+6.3
114.1£54 81.7+4.7
106.6+8.8 68.4+10.6
108.9+0.4 72.1+2.9
109.7+18.3 56.9+14.6
111.7+13.1 71.0£3.0
108.3+0.9 84.2+2.5
114.7£1.1 103.3£1.5
108.1+8.6 54.6+5.6
104.3+5.1 53.5+14.5
111.0£2.5  66.5+0.2

80.2+1.8
86.4+7.3
86.8+4.0
77.5£2.3
98.9+0.8
92.6+2.6
95.1+3.6
89.3+£2.0
88.5+1.7
85.7+0.2
85.3£1.9 93.6+6.8
80.4£3.4 106.2+4.1
93.0+11.3 91.2+12.5
75.3£2.4 85.3+2.1
90.5+8.3 87.4+0.9
83.9+1.3 86.0+3.2

94.4+14.4
94.4+4.1

84.1+11.0
86.9+1.7
89.1+4.8
91.5+0.7

86.7+11.7
97.6+3.2
95.6+1.9
96.4+4.3

90.1+8.9 -

95.0+5.9 -

99.9+8.1 -

108.3+2.8 65.3+4.2
105.2+2.2 69.9+3.1
106.8+3.6 82.0+1.5
1134+7.5 74.4+6.4
104.1£0.5 74.9+0.3
105.9+1.7 77.120.6
104.0£1.3 54.1%1.1
115.9£0.4 72.5+3.0
105.8+0.4 78.8+3.4
108.6+2.4 79.6£6.7
104.1£1.4 68.3£2.8
97.6+1.8 68.8+3.0
111.5£1.5 66.0+4.0

93.8+3.1 81.4£9.8
92.1£2.5 91.7%6.1
85.4+5.1 93.8+10.0
87.4+2.3 85.6+5.6
96.0£0.4 98.7+11.8
100.2£4.3  90.7£6.3
89.7£2.5 96.4+12.7
82.9+1.1 105.8+12.9
86.6£4.5 97.6+5.7
83.4+5.0 100.5£9.6
89.5£3.6 102.7+9.2
85.7+1.0 104.5+3.5
95.5+2.2 107.2+23.4
74.0£1.7  89.0+3.2
84.2+£33 86.9+0.5
84.8+10.0 86.1+1.4

106.9£5.2 -

96.8+2.3 -

107.8+11.0 -

118.243.0 81.7+0.6
104.0£1.0 53.0+10.0
1110.6+0.1 60.4x10.0
108.0£7.1 84.4+3.5
108.7+4.1  64.7+0.1
108.5£0.8 45.4+2.3
111.6£6.3 49.2+£3.9
115.2£0.3 49.9+4.4
108.943.5 74.6+0.8
106.0£0.2 95.0+11.3
108.6£3.1 65.1+10.4
102.6£6.8 52.6+3.2
109.240.8 60.8+10.9

93.849.8 100.3+9.7 108.4+7.7
94.4+4.0 98.4+3.9 103.2+6.0
93.6+3.8 92.243.4 112.3+£59
82.2£0.2 88.0+1.0 111.0+1.5
94.0+2.0 95.840.4 113.7£7.5
96.4+1.1 92.840.0 121.2+10.1
95.7+2.7 94.443.3 111.7£0.1
86.1+1.0 100.6+0.0 102.1+3.3
89.2£1.0 99.5+2.3 111.5+2.8
86.3+£0.7 102.2+1.7 119.7+8.5
83.9£3.2 96.7+0.2 117.9+2.7
82.9+1.0 102.9£0.1 110.2£1.9
99.843.0 101.0+2.2 114.243.3
81.4+1.5 86.9x1.4 111.3+3.3
83.7£2.0 84.7+0.9 112.4+8.2
85.2+1.8 87.0+1.0 108.4+1.6

64.1£9.5
54.4+42
62.0+6.1
72.9+5.4
75.8+4.9
59.9+3.7
54.2+0.5
61.6+2.1
78.6+0.5
91.3+1.1
60.9+1.3
56.9+1.1
71.6+5.4

Appendix 2. Desorption efficiency of PTFE by solvents

Desorption Efficiency according to concentration(%)

0.001

ug/mL

0.005 ug/mL

0.05 ug/mL

0.1 ug/mL

ACN Acetone

THF DCM

ACN Acetone

THF DCM

ACN  Acetone

THF DCM

ACN Acetone THF

DCM

Naph
Ac

Flu
Phe
Anth
Flt
Pyr
BaA
Chr
BbF
BKF
BaP
DahA
BaP
IedP

81.6+1.0
88.6+3.9
93.2+2.9
82.4+2.2
95.1£6.3
92.0+1.1
91.4+0.7
90.0+4.1
88.5+2.6
92.7+5.7
89.8+1.7
86.7£2.9
98.9+3.8
88.9+3.2
84.4+3.2
94.2+5.6

86.5+9.3
93.7+4.9
85.0+1.7
87.4+6.2
98.0+1.0
96.1+4.1
86.9+3.2
98.4+5.6
96.2+3.2
102.9£2.0
94.4+5.1
98.5+0.5
95.6+11.7
80.7+4.9
76.3+1.1
92.8+1.8

97.24£25.0 -

94.0+11.8 -

105.5+8.3 -

112.5+2.7 83.2+6.5
101.7+13.3 57.4+7.7
105.6+£10.1 67.6+6.3
114.1£54 81.7+4.7
106.6+8.8 68.4+10.6
108.9+0.4 72.1+2.9
109.7£18.3 56.9+14.6
111.7+13.1 71.0£3.0
108.3+0.9 84.2+2.5
114.7£1.1 103.3£1.5
108.1+8.6 54.6+5.6
104.3+5.1 53.5+14.5
111.0£2.5  66.5+0.2

80.2+1.8 94.4+14.4
86.4£73 94.4+4.1
86.8+4.0 84.1x11.0
77.5+2.3 86.9+1.7
98.9£0.8 89.1+4.8
92.6£2.6 91.5£0.7
95.1£3.6 86.7+11.7
89.3+2.0 97.6+3.2
88.5£1.7 95.6+1.9
85.7£0.2 96.4+4.3
85.3£1.9 93.6+6.8
80.4£3.4 106.2+4.1
93.0+11.3 91.2+12.5
75.3£2.4 85.3+2.1
90.5+8.3 87.4+0.9
83.9+1.3 86.0+3.2

90.1+8.9 -

95.0+£5.9 -

99.9+8.1 -

108.3+2.1 65.3+4.2
105.2+2.2 69.9+3.1
106.8+3.6 82.0+1.5
113.4£7.5 74.4+6.4
104.1£0.5 74.9+0.3
105.9£1.7 77.120.6
104.0£1.3 54.1%1.1
115.9£0.4 72.5+3.0
105.8+0.4 78.8+3.4
108.6+2.4 79.6£6.7
104.1£1.4 68.3£2.8
97.6+1.8 68.8+3.0
111.5£1.5 66.0+4.0

93.8+3.1  81.4£9.8
92.1£2.5 91.7%6.1
85.4+5.1 93.8+10.0
87.4+2.3 85.6+5.6
96.0+0.4 98.7+11.8
100.2£4.3  90.7+6.3
89.7£2.5 96.4+12.7
82.9+1.1
86.6+4.5
83.4+5.0
89.5+3.6
85.7£1.0

97.6+5.7

100.5£9.6
102.7£9.2
104.5£3.5

95.542.2 107.2+23.4 106.0+0.2

74.0£1.7  89.0+3.2
84.2+£33 86.9£0.5
84.8+10.0 86.1+1.4

105.8+12.9 108.7+4.1

106.9+5.2 -

96.8+2.3 -

107.8+11.0 -

118.243.0 81.7+0.6
104.0£1.0 53.0+10.0
110.6£0.1 60.4x10.0
108.0£7.1 84.4+3.5
64.7+0.1
45.4+0.23
49.24£3.9
49.9+4.4
74.6+0.8
95.0£11.3
65.1+10.4
52.6+3.2
60.8£10.9

108.5+0.8
111.6+6.3
115.240.3
108.943.5

108.6+3.1
102.6+6.8
109.240.8

98.3+9.8
94.4+4.0
93.6+3.8
82.2+0.2
94.0+2.0
96.4+1.1
95.7+2.7
86.1£1.0
89.2+1.0
86.3+0.7
83.9+3.2
82.9+1.0
99.8+3.0
81.4+1.5
83.74£2.0
85.2+1.8

100.3+9.7
98.4+3.9
92.2+3.4
88.0£1.0
95.8+0.4
92.8+0.0
94.4+3.3
100.60.0
99.5+2.3
102.2+1.7
96.7+0.2
102.940.1
101.0£2.2
86.9+1.4
84.7+0.9
87.0£1.0

108.4+7.7
103.2+6.0
112.3£5.9
111.0£1.5
113.7£7.5
121.2+10.1
111.7+0.1
102.143.3
111.5£2.8
119.7£8.5
117.9£2.7
110.2+1.9
114.2£3.3
111.3£3.3
112.4£8.2
108.4+1.6

64.1£9.5
54.4+42
62.0£6.1
72.9+5.4
75.8+4.9
59.9+3.7
54.2+0.5
61.6+2.1
78.6+0.5
91.3+1.1
60.9+1.3
56.9+1.1
71.6+5.4
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