J. Milk Sci. Biotechnol.
Vol. 33. No. 1, pp. 27~34(2015)

Dispersive Solid Phase Extraction2

L2t

YR SA MY HDHT

e - Al

Mg

MBS
o =
FHEZ

-0

Comparative Evaluation of the Analytical Methods used to Determine Pesticide

Residues in Milk via Dispersive Solid Phase Extraction

Nam Su Oh, Yong Kook Shin, Ji Young Lee and Seung Chun Baick’
R&D Center, Seoul Dairy Cooperative, Ansan 425-839, Korea

Abstract

The aim of this study was to optimize a simple, fast, and economic analytical method for the simultaneous determination

of various pesticides (aldrin, p,p’-DDT, o,p’-DDT, p,p’-DDE, «-endosulfan, 3 -endosulfan, dieldrin, heptachlor, permethrin,

chlordane, deltamethrin, diazinon, bifenthrin, methoprene, propargite, fenpropathrin, cypermethrin, fenvalerate, and fenpropathrin)

in milk by using dispersive solid phase extraction (SPE). In this study, two different extraction methods (low temperature

cleanup and liquid-liquid partitioning), which were followed by a cleanup process based on dispersive-SPE, were evaluated

and compared for the 19 pesticides. The results for all the pesticides were determined by gas chromatography mass

spectrometry (GC/MS) with selected-ion monitoring mode, and the matrix effect of the method was evaluated. Comparison

of these approaches yielded higher and more consistent recoveries of most pesticides at fortification levels of 1 pg/mL using

low-temperature fat precipitation, followed by cleanup process based on dispersive-SPE with PSA and CI18 as sorbents, than

other preparation process. The relative standard deviation was <20 % and the combination of this method were very effective

for the cleanup.
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AFAQ A AFE Fokhi 4 AL Alg o] AA
2] FDA<S] PAM(Pesticides Analytical Manual)3} AOAC
international®] 970.52 method®} 7o) AWEHOF AgA
F7) &) S A28k ool 32 (Liquid Liquid Extraction; LLE)
< column-SPE X+ cartridge-SPE, gel permeation chro-
matography(GPC)E AH§-ate] Alsh= o] #-§xo] gk
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O}, o] HhHE w2 o] fr7l& el EA 77 ARSE

TATAR st F&35
o] Asle 7FsA o] A tKSchenck et al., 2000; Sanchez-
Brunete ef al., 2004). wakA o] s TS Hekalr] 95}
o A9 ZA IHE g IAG FEES e
71441 FZ4(Accelerated Solvent Extraction; ASE),
A et 1A 9] FHE Ad FAE o] &3 2dA A F
Z 1 (Supercritical Fluid Extraction; SFE) % £-uf 9} w}o)
ag9E HH3] o]4-3 nto] &2 1} FE W (Micro Assisted
Extraction) 5 A& 3} A2 Wiio] 7= AME-H I Q)

o, AZqE FE3 $H) FPA TLIYOE T2



28 Journal of Milk Science & Biotechnology M 333 H|1=(2015)

7

I pAl FERe] AR A A
TH(Hercegova et al., 2007). L&} F <]
aHHol7] A HE FIAES
T dojof &, 3] B OaJJr"“ﬂ’\
ZkFolol wZlom, & sty A

A A Fell A of 7 7}7] gt TEE
Ho}p A2 w802 A 24 ¢
o, o] W2 2003 v FH AT (Agricultural
Research Service; ARS)l ]3] 7l&¥l RS 24 QuEChERS
(quick, easy, cheap, effective, rugged, safe) method&}3l &
HAL on, AF ASEEREH ¥F 48 FE U
32, dispersive-SPE(solid phase extraction)& AH&-3le] £4
of UBteE Al AF S Hoh 5EAHSE HIS W
H o] TH(Anastassiades et al., 2003; Lehotay et al., 2001). &
A $Fol 8% QuEChERS method= tF& X144 9]
F710A Foke] EA4 el Agetn, dF 23 U= A
S FNNHEA FFY FFE g W
= %1 TH(Anastassiades et al., 2003). u} 1 2 AT =
QuEChERS method®] dispersive-SPEE Al
et A& Tk A tAE w4
s th AL Tk A, WEA] AW FEH%
Hojof &k, FEH A5 A e EHHOE AA
st Al Ak o7 Wol ARE-E+= Liquid-liquid partitioning
method®} Lenza-Rizos 5(2001)2] A7olA AHS A&
low-temperature cleanup method& 4 -8-3}o] H] W 3}$ o™,
o9} HAA3te] primary/secondary amine(PSA) 2 PSA +
C189] sorbent”} A8 dispersive-SPE A WH o]
zAds AAstaa st

32 1o

_>‘:

¢

%’JE‘O
R
lo 3 |o
B2 S T A A

to w © o o
IR

o O

oQ

3]

o N

off
©
m[o

z
i)
2

32
o

20 (o o o o off P
T R

N
==

i,
3
|o

[e

¢

r{m ]
S

1. 5g

B U BRS SF 3 AR 5187170 448 B
= Codex Alimentarius Commission®| A A|-&A] *oFo &
HAIE aldrin, p,p’-DDT(dichloro-diphenyl-trichloroethane),
o,p’-DDT, p,p’-DDE(dichloro-diphenyl-dichloroethylene), « -
endosulfan, [ -endosulfan, dieldrin, heptachlor, permethrin,
chlordane, deltamethrin, diazinon, bifenthrin, methoprene, pro-
pargite, fenpropathrin, cypermethrin, fenvalerate, fenpropathrin
o 19% o8 AAENCH, A& Y FoF % FE&TES
Table 49} ZFth.

2 jAAZ o Alot
APl AHEF SF A HHrhE A Frstark. 19

T M IRTAHS £E 90% ol £4E XFEF
Dr. Eherenstofer GmbH(Augsburg, Germany)oll A - 5}
AREEER o, WE 238N0 Pentachloronitrobenzene(PCNB)
+ Chem Service, Inc.(USA)olA] F-43led 2183193t Dispersive
solid phase extraction(Dispersive-SPE)&

o

213} primary/secondary
amine(PSA), magnesium sulfate anhydrous(MgS) % PSA &
endcapped C18+ United Chemical Technologies, Inc.(USA)

M FATh 1 sl A g R o) AR

Aok BE AREA GOt SFAGS AL

S 20% acetone/n-hexane®l] =< 1,000

olutlone ixﬂ stk 5,000 pug/mL<]
_;_JL_EI_,,]. .5:_0]6]— —Q—UH

£ AHget 7)
A3 5 ugmL7t A7MEEE ZA YT £ 53
AL 10 pg/ml FEOE ZASAUY, ALEFA ANS 9

ol
3 23 B 292 20% acetone/n- hexaneoﬂ 34 sl 0.2

2 %3 ]8} 3o}, 0]9} 3 ‘d/—‘# Al matrix effectE 2¢13}7]
8t ZFEAC] HUHEA &2 AAE T FAEE 4
L] 2 AFE-sle] 919} FU3 H5= H 29 matrix-matched
calibration standardsE ZA|dle] £4 A7lX] —4To| A H

stk

2) XY =&

LA FHAES S gt /AR AW FE22
US FDA method& AME-3}e] % 3F% th(MacMahon et al.,
1994). A& °F 50 g2 # %3}, methanol 100 mL<} sodium

oxalate 1 g centrifuge bottleo] o] &35} T} Diethyl
ether 50 mLE 23 1%7F 27kt & petroleum ether 50

LE ¥ thA] 18&7F iRkste] 1,500 rpmell A 527 €
ﬁ%’:ﬂﬁ}‘}iﬂ-. HEE /7] vl 2 SHF 200 mLe}
saturated NaCl solution 30 mLE ¥ 52 {73,
centrifuge bottled]l ‘Fo} 9;1—‘5 ZHFE-2 diethylether/petroleum
ether(1:1) 50 mLE 23] ¥HE FZ3l 25 FATH F7]
Sl T& SHF 100 mLE 23] Al F e § 74 Na,SO4 5
SHAA A7, o] AL IARAFFT40TC, T&
X)E AHEEte] FEETh

3) EH|

B ATNE Fok BHL g HHe) gAY A4
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< 93l Low-temperature clenup method % Liquid-liquid

partitioning method& AH&-3te] F=&313L, ol & 7}t + 7}
A F79] sorbentZ ©]F1Z] dispersive-SPEE AH&-3}¢d

HERE LR

(1) Low-temperature clenup
FEH AW 1~1.5 g& A H3te] 50 mL centrifuge tube
Q93 Zzte] A8 H5E ANRS 9 2A EEE
< Frkstel o2 127k wakskth. o @ A7k 7}

o
ol
ol
A X8 T acetonitrile 10 mLE 7} th o] & 55
3} 7
A

o 2 oo

B
7k
=+ A JAE fste] -20ToNA 244 7F B3

(2) Liquid-liquid partitioning
PEAIE 1~1.5 g= A73ate] 919 22 e E XA
F8AS Hrista, ZHzke] A1Z9] 5 mL n-Hexane % 1
mL acetonitrileS 7} T ©]& 587 WiHe o
7 $d3EHA dold F UEE 1087 FA AT
FZ38to] B H acetonitrile=2] 1 mE FH 3l FAES
218t 50 mg PSA + 150 mg anhydrous MgS % 50 mg PSA
+ 50 mg C18 + 150 mg anhydrous MgS7} H7}¥ z+zhe]
dispersive-SPE tubeoll 23 58E7F wulslth ©|E 3,000
pmol A 1327 AAEE 8, ZH7he] &89 F 0.5 mL

£ Fsted GOMS 42 913 A& o= stk

b
N

(=)

ol

g GC/MSD+E Mass spectrometer(Agilent
5975C, USA)E 7423t gas chromatography(Agilent 7890A,
USA)E AHE3FA0H, Table 29F 22 20 E FA43H%
t}. Full Scan-mode(50~550 m/z)E AF&-3le] 7| F kA
o thet WEFFA]7Hretention time, RT) 2 Atha wF
& AlZHRelative retention time, RRT)S &1} TTable 1).
ok AR A Aglo]2 A H(selected ion monitoring,
SIM)= AH&sti e, o] & 918 EA X2 F groupl &
o] 4783 th(Table 3).

Zot 9l nF

1. Matrix effect

21E T GCE AHE-3H FoF9] #4] A] matrix enhancement
= A A Sk= #A2de] th(Schenck et al., 2000; Albero et
al., 2004). GC system & F=Z 20| = injection liner

re- E
T= __Tz-] ok <)

HE2 & WA o] matrix enhancement

A B
o 71 o1t
o] F23F Yolo] Hw, A5 A A S} injection techniques}

O:

-

Table 1. Retention times, relative retention times and selected
ions of the studied pesticides

Pesticides fr (min) frr (min) m/z*

1 PCNB(IS)b 13.426 0.000 237, 249

2 Diazinon 16.252 1.047 179, 274, 100
3 Aldrin 17.471 1.300 263, 66, 265
4 Heptachlor epoxide 19.832 1.407 353, 355, 351
5 Chlordane 19.720 1.471 373, 375, 377
6 Methoprene 19.732 1.468 73, 111, 109
7 a-Endosulfan 20.253 1.506 241, 195, 239
8 p,p'-DDE 21.134 1.573 264, 318, 316
9 Dieldrin 21.241 1.579 79, 263, 81

10 B -Endosulfan 22.382 1.667 195, 237, 241
11 o,p-DDT 22.773 1.691 235, 237, 165
12 Endosulfan sulfate  23.791 1.772 272, 274, 387
13 p,p-DDT 24.013 1.788 235, 237, 265
14 Propagite 24.646 1.836 135, 173, 81
15 Bifenthrin 25.881 1.928 181, 166, 165
16 Fenpropathrin 26.219 1.953 97, 181, 55
17 Cyfluthrin 30.965 2.223 163, 206, 165
18 Cypermethrin 32.286 2.377 163, 181, 165
19 Fenvalerate 35.126 2.614 125, 167, 181
20 Deltamethrin 38.762 2.882 181, 253, 251

* Target ions are underlined
° IS - Internal standard

Table 2. The operating conditions of GC/MS

DB5-ms (30 mx0.25 mmx0.25 pm film

Columnn thickness, Agilent J&W, USA)
Carrier gas Helium

Oven 190C

Transfer line temp. 2807TC

Column flow 0.9 mL/min

Injector temp. 260T

80C(2.5 min) — 50C/min — 140C —

Oven temp. 5C/min — 260°C(20 min)
Injection vol. 1 pL

Ionization mode EI, 70 eV

Source temp. 230C

Split ratio Splitless

o] tpeFet 91EF FHEst AFEH gtk Godula et
al., 1999; Egea Gonzalez et al., 2002). ©|&| g &4 312

= & d7elA e FARC FEEE S H7HE matrix-
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Table 3. SIM program used to analyze various pesticides

Group Time (min) Pesticides m/z Dwell time (ms)
3.00 PCNB* 237, 249 100
13.80 Diazinon 179, 274, 100 100
16.50 Aldrin 263, 66, 265 100
18.20 Heptachlor-epoxide 353, 355, 351 100
1 19.30 Chlordane, «-Endosulfan 373, 375, 377, 241, 195, 239 100
20.85 Dieldrin, o,p'-DDT 79, 263, 81, 235, 237, 165 100
23.30 p,p'-DDT 235, 237, 165 100
29.00 Cyfluthrin 163, 206, 165 100
37.00 Deltamethrin 181, 253, 251 100
5.00 PCNBa 237, 249 100
18.00 Methoprene 73, 111, 109 100
20.35 p,p-DDE, f-Endosulfan 264, 318, 316, 195, 237, 241 100
23.10 Endosulfan sulfate 272, 274, 387 100
2 23.93 Propagite 135, 173, 81 100
25.10 Bifenthrin, Fenpropathrin 181, 166, 165, 97, 55 100
29.00 Cypermethrin 163, 181, 165 100
33.00 Fenvalerate 125, 167, 181 100

* Internal standard

Table 4. Limit of detection, limit of quantification and maximum

residue level of the studied pesticides

Pesticides LoD LoQ MRL
(ug/mL) (ug/mL) (ug/mL)

Diazinon 0.01 0.03 0.5
Aldrin 0.01 0.04 0.15
Heptachlor epoxide 0.01 0.03 0.15
Chlordane 0.01 0.02 0.25
Methoprene 0.01 0.03 1.25
a-Endosulfan 0.01 0.04 0.1
p,p'-DDE 0.01 0.02 0.5
Dieldrin 0.01 0.04 0.15
£ -Endosulfan 0.01 0.04 0.1
o,p-DDT 0.01 0.03 0.5
Endosulfan sulfate 0.02 0.02 0.1
p,p'-DDT 0.01 0.04 0.5
Propagite 0.02 0.06 2.5
Bifenthrin 0.0004 0.001 0.25
Fenpropathrin 0.01 0.03 2.5
Cyfluthrin 0.04 0.1 0.25
Cypermethrin 0.04 0.1 1.25
Fenvalerate 0.01 0.02 2.5
Deltamethrin 0.02 0.05 0.5

matched standard®] AHS-3 WREFEZ S ALSo] 7 ¢
kAol W 0 2 A18-E| M, analyte protectants 5 ©] AHEF
71% 3tti(Sanchez-Brunete et al, 2004; Albero et al.,
2005). L1} U.S. Federal Agencies 53 22 <% 7|+
qME BFER H7 FAEE E4 AMEstE s 9§
2314 &= A$E UK Anastassiades et al., 2003; Erney
and Poole, 1993). Fig. 1, 2= &4 %' ™ matrix-matched
standard 9} matrix-free standard®] 4] ZA3olm, B A
ol A AFE-H F7194A 5 2HK(aldrin, p,p’-DDT, o,p’-DDT,
p.,p’-DDE, a-endosulfan, S -endosulfan, dieldrin, heptachlor-
epoxide, permethrin, chlordane)®] 73-9- matrix effect”} vl
A Jeld 9hH Jow-temperature cleanup 5 dispersive-
SPE(PSA + C18)¢] Wi o 2 AA 3 FARE A3 vr
A] matrix-matched standard®] 79 pyrethroid Al & 2FA 52l
bifenthrin, fenpropathrin, cyfluthrin, cypermethrin, fenvalerate
2] 7% Consuelo 5(2005)2] 1ol A9} 73o] matrix-matched
standard®] response”} oF 7 Wi FEOE FUIg Ao=E U
Ebtth. Schenck$}l Lehotary(2000)2] AftollAs dubz oz
F71d2A w4, 7P A matrix effectE WERH,
hydroxyl (—OH) =& amino group(R-NH-) 5< 7M=&
F=3 AR F7]90A FFEA matrix enhancement 7}
oS Zo] dAEgy By mEia & AtdAes

AR B4 W TS0 matrix effect A3 £42
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Fig. 1.

Extracted chromatograms of target ions in the milk matrix matched standard solution from GC/MS measurements in SIM

mode (A) Low temperature cleanup + Dispersive SPE (PSA + C18), (B) Low temperature cleanuptdispersive SPE (PSA
only), (C) LL-partitioning + dispersive-SPE (PSA + C18), (D) LL-partitioning + dispersive-SPE (PSA only).

Fenpropathrin
Cyfluthrin

Propagite

Fenvalerate
Cypermethrin
T

Fig. 2. Overayd GC/MS chromatograms of selected pesticide
standards prepared in neat 20%m acetone/n-heaxae
(lower responses) and blank milk matrix-matched stan-
dards (higher responses); both at concentration level 1
png/mL. Matrix matched standards were prepared- LL-
partitioning+dispersive-SPE (PSA only).

|\

o] QA& H431517] 9l5e] matrix-matched standard S
Abgslg o, WEEFEZ(PCNB)o 98 Az AHES
g3ttt

2. & 9 HA ol AH

Solid phase extraction(SPE), gel permeation chromatography
(GPC) WRio] AsAor wWol ALEHAY T 5 4
A wgolm, o9} Hlwate] & Aol A FP 3t dispersive-
SPE7} & 3]5&3 3 A7 E, v 5] SHelA

453A Z&Folgte B2 HiEe] dtkLehotay ef al.,

2001; Mastovska and Lehotay, 2004). ¥ o X+ Liquid-
liquid partitioning ¥ low-temperature cleanupe AMHE-3}$] 3,
A E $1¢ dispersive-SPE= PSA®} PSA + C18 sorbents&
AREEte] 1 pg/mLe] A elsEolA 747} 63] vhao® A
st AdG B IS Bl gsien, I Ade
Table 5, 63} Fig. 2o YeRHATE dRtH o= RFek &
2 A%k 58 358 HEE 70~120%°]19, RSDE 20%
ol 2 ¥ )2 ™(European Union, 2007), ¥ <1--o]
A= Schenck9} Lehotay(2000)2] 7ol Ao} 7o) 348
110% ©]7-2 matrix enhancement®] %3] = Ao =2 H
718 o). Low-temperature cleanup < Dispersive-SPE2] T
71A] sorbentZ B e A3} PSA + C182 AFHEE AW
9] 3 FE&2 Hd 96.1%= LEFE S ™, methoprene(120%)
= AT BE TR 110% Pkl 81.3~107.5%%

= e FHANE T =2 FES AAV
oz AL Z YElETh PSATHS ARS-gE AW 9
735 Bt 92.1%4] 3FES HEFAASH, a-endosulfan
(128%) 9} cyfluthrin(112%)S A 28 Y x| kA Eof o)
ax1= 70.8~107.4%°] FS gk 385 HERNITE Liquid-liquid
partitioning RS AME3t] FE¢ AlE] AAUY T
 7HA sorbentE Bl A3}, PSA + C183} PSAE AH&
St Aol b7k Wk 114.5%9F 92.7%2) Y5 ek 35
&5 BT I8y 9 WEE PSA + C18¢] AAIMR o]
PSAYHE AHE-gH AAI ol vlate] ANkAQl S FEL E

S 1}, diazinon, heptachlor-epoxide, chlordane, @ -endosulfan,

[ed

ol

4l

Hir
ﬂtl

9
—u

kv

dieldrin, bifenthrin, /-endosulfan, endosulfan sulfate, pro-
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Table 5. Average % recoveries & % RSD of fortified pes-
ticides in milk at 1 pg/mL level from low tem-
perature cleanup procedure with dispersive-SPE

Table 6. Average % recoveries & % RSD of fortified pes-
ticides in milk at 1 pg/mL level from liquid-liquid
partitioning procedure with dispersive-SPE

Average recovery(%) + RSD(%), n=6 Average recovery(%) + RSD(%), n=6

Pesticides Pesticides
PSA + C18 PSA only PSA + C18 PSA only
Diazinon 98.7 + 8.4 104.0 = 7.3 Diazinon 1242 + 6.6 85.5 + 8.4
Aldrin 99.8 + 5.1 70.8 £ 1.8 Aldrin 93.8 + 4.7 79.0 £ 89
Heptachlor epoxide 897+ 74 922 + 5.7 Heptachlor epoxide 1133 + 33 79.5 £ 6.5
Chlordane 99.5 + 8.5 855 £ 6.5 Chlordane 112.3 + 44 86.0 = 10.7
Methoprene 99.8 £ 7.8 128.2 + 14.7 Methoprene 115.0 + 8.8 103.8 + 17.5
a -Endosulfan 97.6 + 6.9 97.6 + 1.4 a -Endosulfan 113.7 £ 3.6 75.8 £ 9.0
p,p'-DDE 89.0 + 7.0 833 + 6.9 p,p'-DDE 915 + 45 79.0 £ 8.9
Dieldrin 843 + 8.1 81.5 + 3.7 Dieldrin 73.8 £ 4.3 68.6 + 7.0
£ -Endosulfan 107.2 £ 6.8 1074 £ 1.4 £ -Endosulfan 1242 + 3.5 952 + 74
o,p'-DDT 107.5 £ 6.1 111.6 £ 3.5 o,p'-DDT 104.3 + 3.9 93.5 + 8.0
Endosulfan sulfate 83.0 £ 8.5 106.2 + 2.3 Endosulfan sulfate 108.0 + 6.3 90.7 £ 9.1
p.p'-DDT 120.0 £ 9.3 102.3 £ 7.4 p.p'-DDT 98.8 £ 9.4 79.3 £ 83
Propagite 813 = 6.7 70.2 + 6.2 Propagite 106.5 + 5.1 722 + 7.8
Bifenthrin 86.0 + 7.6 793 £ 7.0 Bifenthrin 133.0 + 3.9 98.2 + 5.7
Fenpropathrin 84.3 + 8.5 77.7 £ 8.5 Fenpropathrin 1353 + 4.1 102.8 + 2.7
Cyfluthrin 103.2 + 6.9 92.6 + 8.7 Cyfluthrin 128.2 + 3.1 121.8 + 8.4
Cypermethrin 99.8 £ 4.5 842 + 7.6 Cypermethrin 120.0 + 6.6 99.8 £ 5.0
Fenvalerate 982 £ 75 88.5 £ 8.1 Fenvalerate 122.5 + 6.2 1143 + 7.0
Deltamethrin 96.0 = 11.5 86.8 £ 9.1 Deltamethrin 1243 £ 5.6 121.0 + 6.7
140.00 T I T
120.00 T T—r ﬁ
S 100.00 Tﬁf T ETIE T N 7
g 80.00 Il | H
z% 60.00 HM | H
40.00 HM | H
20.00 HM | H
0.00 s =
& \&1 a“f ét‘f;" 65\ w,;é\ _\ﬁ@“‘\ ' @*\i‘l@?‘& \\g“‘& @fz & bﬁvvé&*@ g{@*‘”} & é&é\\‘z
A F LS Ty T
o8 oA EB oc oD e

Fig. 3. Results of recovery experiments of various pesticide residues from milk at spiking level 1 pg/mL. GC/MS analyzer was
utilized (A) Low temperature cleanup+ Dispersive SPE (PSA+C18), (B) Low temperature cleanup +dispersive SPE (PSA only),

(C) LL-partitioning+ dispersive-SPE (PSA+C18), (D) LL-partitioning+dispersive-SPE (PSA only).

A HAl endosulfan sulfate, propagate, fenpropathrin,
cypermethrin, fenvalerate®] 3]&°] 110% ©|4 2 E Low-
o A EES ve

(L.

pagate, fenpropathrin, cypermethrin, fenvalerate® Al 110%
olFel B5ee Hol RANE F 7B AAT}

o] Fof A A] > AR ALEHJU O™, PSATHS ARE-gH A temperature cleanupoll H|3}lo] £X
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Wtk mElA 2 AedA s vn AP E low- ESan e

temperature cleanup § dispersive-SPE(PSA + C18)Z A
st Wl Alg FEEY IMEds AAste M
aRF oy, N FoF AEo FFE Eg AR Tt
T =2 FEE UEeH, BE TR 63 wiEA
s Ao g RSD(%)7} 20% ©)5t= H3e A
e 21t} Lenza-Rizos 5(2001)9] AFolA+= 22 E4}
Fol TR EES FEH ANCERH FEHH, & &

= Aol 2zollA IHEA HE low-
temperature cleanup©] WAl A1 g2 Ao w]$ &3
ol A2 HISIIL, Hercegova 5(2007)2] ATFANME
dispersive-SPE®] sorbent 5 PSA + C189] ¢ o] 53] &
A ES 2 AWAAES AA = MY 22 A%
e At s A5 A0 SPE AW S AME-3to]
164 Fod S 24 ol A A v
R 9} Acquaah(2007)°] A+ AIHEh A
o2 4% &S HAoH, Battu 5(2004)°] <A
A 9

g Ads IAE A

ML o

Aol A

¥
(N
lo
Hir
rlo

e <k
2 AFo A= dispersive-SPEE AF8-3te] 7+ 5L
Satm, AAAR F W 19F JFRFeke] A tHE
AN AA s TA 39T Liquid-liquid partitioning method
9} low-temperature cleanup methodE 2 &3 FEHWH 3}
PSA % PSA + C18¢] sorbent”} AM&-¥ dispersive-SPEE
/\]__9.—:5]. qu_]] H}BLO_ H] w AY g]_gj}\_g_m] GC/MSQ] }\%Fﬂo]%
A H (selected ion monitoring, SIM)S.2 & A3}
matrix-matched standards$} matrix-free standardsE A3}
o] F298H o] matrix enhancement effectE 22157, #
I AR S 9lek Bl o] A, low-temperature cleanup
© 2 FZ3}o] dispersive-SPE(PSA + C18)Z A A 8l+=
ol NE FEE MEZS AAS = 7MY 234
, A7Hek 1 pg/mLel thek 7iE 5k i g &
AR 7V w2 £S5 e en, BE FoF
A

)4
r-lu: >

ok

[SUR 2
l

r_N_

=TT TT= =
©] RSD(%)7}F 20% ©]stZ=A] 7]Fell A es A=
Jen gl

_/

oX rd O of o %
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