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ABSTRACT. The HF (Hollow fiber) extraction method was optimized to analysis seven species of pesticides in aqueous
sample and analyzing samples by GC/MS. Hollow fiber extraction showed good efficiency when it was conducted under these
conditions: organic solvent was toluene and agitation speed was 1200 rpm. The 15% concentration of NaCl was optimized
when it was experimented between 5% and 25%. The equilibrium time was determined at 15 minutes. The pH 5 showed the
best effect on the extraction efficiency. The linearities of calibration curves of seven species were good with correlation of
regression (1) over 0.995 when they were experimented over a concentration range of 5 pg/L to 50 pg/L. The analytical data
exhibited the detection of limits (LODs) range of 0.37 pug/L to 1.23 pg/L and the limit of quantification (LOQs) range of 1.19
pg/L to 3.91 pg/L. The optimized HF-LPME extraction method provides a simple and effective preparation and requires small
amount of organic solvents and samples compared to conventional pre-treatment methods.
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A2 =RdAeHeE
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TS ek 8 4 gl T 2 S Alw
FoRE Ak 1%t W e 2= A4 =51 (Solid-
Phase Extraction, SPE), 24| A4} 1] &F 3<% (Solid Phase Micro-
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Extraction, LPME) 5 o] &| 7}%] & " o] glt} 2367
o472 S EULLEPE 714 B 02 Abg sk 9]
£ e shuottt e o] 2EHE A E 2gof 9l
oA A&t & Buli7t b e 2 Fashal At e A
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24 5 A Aol ol fafigt ke 7R v s
B4 A 553E AR 7] giite] 2| stk o] Qleks
HA S =R (SPE)S HA-HA| =71} v w53l
of, A2 Algto] BFar {71 & o] ARg-o] Ath= A
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BA A} 592 carbaryl, diazinon, methyl parathion,

SR

Ho

fenitrothion, parathion, phenthoate, ENP 5 70]™ SupelcoA}
(USA)9] =3H8-94(200 pg/mL in hexane : toluene(1:1))
E22AR g3l

Toluene, chloroform, ethyl acetate, dichloromethane, hexane 2}
Zre =2 guj= HPLCZ(J.T Baker, USA)S A3},
l-octanol & JUNSEI(ASSAY(GC) min. 98%)E A}&8}5c}.
pH 232 317] Y3lA= AAHIUNSEI ASSAY min. 85%
(m/m))T} AT E B(KANTO &% 97%)S 346}
AHESEAAL A ERTE fdiAE H3HHEFEJUNSEL
ASSAY min. 99.5%(m/m))S Atgatglon, Z2aaL =
4= Al 273 Millipore Elix 158)% o] &3ho] 214 4]%
stol Aol AHgstect

%91 A= polypropylene A & =4 QFA]F- 600 um,
o 7= 200 um(Accurel Q3/2, Wuppertal, Germany)S
AHESEALAL, 5 SO A RE s vl FA =
GCE 10 uL(Agilent, Australia)S A&t th &4H G
2} AA WY pipette tip= 0.5~10 pL(Axygen, USA)E A&
39, & Al A|BE @by vial-& Amber Vial Screw
Top 7 mL(SUPELCO, USA) A %S AF&3tom, 244
o= g Z 2 & (Belart, 10 mmx6 mm, USA)S AHE-5}

ek,

=M 717|

sof HS 9jat /1A AEehE oA G
MS)= Agilent AF2] 6890N/5973N(Palo Alto, CA, USA)2
ARESLA T AT A H-S Agilent AFS] DB-5(Methyl 5%
phenyl polysiloxane)&® Z o]+= 30 m, 9+X| & 0.250 mm, &
A% F7 025 pmQl A& ARGl 24 VA== E
F(He)yZ AHESFATH R7IA Q] @E(He)e] 552 1.0
mL/min® 2 ZA3} 3 B HjE= 10:10]ch ZH 9
2Lt A E BV E HE7] Y 2%+ Table 19 8.5t

ek, o4 5oFe B4, B RAIEL] 913) 2 Btk

Table 1. Analysis conditions for GC/MSD

Parameter Condition
Column DB-5, 30 mx0.25 mmx0.25 um
Carrier gas He
Flow 1.0 mL/min
Split Ratio 10:1
Injection port temp 250°C
Transfer line temp 270°C
Injection vol. 2 uL
Oven temp. program 150 °C (3 mi 10*C/min 0 :
min) —>300 °C (2 min)
Run time 20 min

Ionization mode EI (solvent delay : 2.0 min)
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Table 2. Selected ion monitoring (SIM) parameters for GC/MS

Compounds Selected ion (m/z)

Carbaryl 144 115

Diazinon 179 137 304
Methyl parathion 263 109 125
Fenitrothion 277 125 109 260
Parathion 291 109 97 125
Phenthoate 274 125 246 93
EPN 157 169

27 & 37019 EAA Q] o]-2(Characteristic ion)=2 Al &}
319 =| carbaryl2 m/z 144, 115, diazinon> m/z 179, 137,
304, methyl parathion= m/z 263, 109, 125, fenitrothion-2
m/z 277, 125, 109, 260, parathion2 m/z 291, 109, 97, 125,
phenthoate= 274, 125, 246, 93, EPN 157, 1695 41&3}
% TH(Tuble 2).

= ™X
IR AL T vl FETES ALgSHY
3

% 2 o 300°C AEE 4RE HABE of

TEAZ F 25 ecm Zo| 2 Atsto] Ag-Stith =&
Alof|= & 21| £ toluene, chloroform, ethyl acetate, hexane,
dichloromethane, 1-octanol& Al-&-3lo] &8 82 1|15}
At

n) g F=A7] vhzol 0.5~10 uL-g- pipette tipe 7]--31
oA Fu]gt FE £R RS pipette tipo]] AZAZIH
A% pipette tipi} S8 G5 &7 F20 BlA A A
M3 BIE &Hl e oo 2 22 gt YA A ®

d

(

ok SHl AR re 2 & SE A 1 EAHeRE
7t A wf S Skl 7= AT 4 ke
Aotk & &l Atojoll 7| 27F A A =i F3ko]
A AE Al Aol dol A = Qltk. o] ZAI7F
RS dole v FAVIZ 7125 wdlo] Sul H
ehe 71 E glo] & 8l & 715 A YFAchFig. D).
SR {7 2 R 715 A =Hd AR 5 mLo]
T vialol] TR vial SIS 2FaL &7 A fuk 3
T A Y Fol et ohE BAR 7Y AR
2 87 AR SR HRE 79 9 &9 A/t
Ao SE8] HA A 4 UES golE 2EA F AR
oF FE 87k 2uf BRFE A8 A4 i E o]&s)
of Al2E wRtetglch A4 Ydis HZEoR uEy
& 24 o g AT ARl & Alzte] HH
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Fig. 1. Device for hollow-fiber liquid-phase microextraction.

L Organic solvent

Sample

g

Stirrer

A3 QIxtel 23|
S0 498 o 8T AAY v 250 HH3AE 93
AY AHER 25 §7] §19 BF, BHBL 25 &
WO FE AZE 2 A WS E, AR §9| pH WL,
GHEUE AT, 229 RSl ) 21 L A
3} shaa) shict.
whehd 2 =Rol At 4 B w7} 200 ugllel

1 4145 o] 5to] tha} 2ol
7 24 MBI 71U A P
1) & &) 53} 1-octanol, toluene, chloroform, ethyl
acetate, dichloromethane, hexane
R £ 1200 rpm, NaCl : 5%, = A| 7k 55, pH @ 5
2) 28t §3}: 300, 600, 900, 1200, 1500 rpm
ZZ 81): toluene, NaCl : 5%, =& AJ7F 58, pH: 5
3) 94 EIHNaCl%): 5, 10, 15, 20, 25%
% 81)): toluene, W HF < 1200 mpm, & AJ7E 55, pH: 5
4) N29] pH &7} pH=2, 5, 8, 11
F= 8] toluene, WHF &5 1200 rpm, =& A|7F: 55,
NaCl: 15%
5) 22 N7t A& 1,2,3, 4,5, 10, 15, 20 12
= 8ul]: toluene, W HF <= 1200 rpm, NaCl: 15%, pH: 5

=
T

a3 oE

%5 200 pg/l EE G| thslo] HF-LPMER 353
A3} Fig. 29} Zo] 7%9] 5oFo] HABA o] FHIFEE
bl 5] Hel = 9k,



586 P - ol - HHe
Abundance 500.0 - Extraction solvent
Fentrothion
RT.:10.794%
Parathion
400000 gflst;g:on RT.: 112018 - ——Carbaryl
350000 Diazinon R-T-: 101828 :T‘Te-r:t;]g;tﬁeg—i-— q:) -a-Diazinon
RT.:9.160% £ .
300000 \ c —+—Methyl Prathion
g =«Fenitrothion
230000 Iﬁ —#=Parathion
200000 —e-Phenthoate
150000 ——EPN
Carbaryl
100000{ R.T.: 5.800& EPN
R.T.: 154838
50000 k l
ST — .....L,..L,.... e L MNEMMMN Fig. 3. Comparison of extraction solvent.
6,00 7.00 8,00 9,00 10,00 11,00 12,00 13,00 1400 1500
Time——>
Fig. 2. GC/MS total ion chromatogram (TIC) of seven pesti- )
cides. FEANE Hooh S A{HF) S E A= 14
ol A toluene 9ol th-& F-7] &ME-2 &4 A -(HF) ¢toll
HF-LPME &3 QIX}=2| £[X 35} | 1 o FE &elstr] o H Rtk =3 toluene}
B4 o4 sobEel BRbHQl & AvHE Fobws] 9 loctanok A3 el A F& FUES F& Aol 2
o Z47ke) AF AEGE S0, I B, G4 BB, o WEB 2F WA ol T §HET} ot §7]
55 AL pH)oll tisi A 25S HAAIH 24 5ok Bjo] £Ho] A FEo] Fd F GOMSE 245177}
g HHe) 25 24L FYsh AP AN o 2 %Ik Toluene} I-octanol©] 5% 8-S ¥ gt 27 1-
S8 AA: = 8 E AR5 Halid= 2 octanolo] H|3f| tolueneo] F+&EE°| wrh= A& & + 3
7EA] e sfol & o] T Al&7F 8Hol7] W AL FoF FES 9% 7] Sl SAAET AL
of f7] 82 avA el &5 5H7] A= 771 & 2 yon, % o EH?_ B3 =7t W2 (Table 3) toluene ©.
7} E 2} 4o A] ekotok shm Fof gt &= ol Astdet. =& §rjol o FEFS Fig 3¢ UEt
of @t} shA Uk BAS A SHe B4 B geld Atk 5 E |4 (enrichment factorys A S ES EEEA
o= Fotok ek B &l AHP)el F nFo]  FEE hrol AN
so] QPFH DS S glojof Shuf U A FLE W B3k APLEL UL, YBAE % pH S, FE
of iz ot HlTy. el 3 AT B gI5te] 22 G AL S, %%% W= toluene ©.2 3L gk Abe el 4 2}
= GOMSO| A H-A1517] 0 Hatsto]of gt A ubto] Wik SR 2 2% AIE oobr] 9
2 Ao =& gujE AA37] YA Eof st &= HF £ X E 300 rpm, 600 rpm, 900 rpm, 1200 rpm, 1500
b A3 Sao] AL ARE 2 AZA ofg 7h4] SU1S  pmoR WSt wuk Ak AY A AW
At 2% wTE wmstdh A8 E & Sule A4 whef o] wut &Eo] whE £E wukE M 1200
toluene, chloroform, ethyl acetate, hexane, dichloromethane, mpm W7t & a7 2L Aoz eyt ®
I-octanolo] 91 0.0 7} &gl SAE Tuble 37} 2Tk 31500 pmo] F QG v 2EE o] HojA) /] A2k,
AFPLE = 25°C, 34 E 5%, ST 1200 rpm, HE &5 9] 2 Ao A 300 rpm, 600 rpm, 900 rpm, 1200
pH S, FEAte sEoR IS Al $E80E  pmdE FF 5 25 S0 ol HSBA 1500
H35) 7} HE-LPMEZ 2438 A3} tolueneo] 7} £ pm 20 A= Bt wrko] £Hl A fof E2A el F
Table 3. Properties of extraction solvent
Boiling point Melting point Density Solubility in water .
Solvent Formula C) ©0) (@/mol) (% wiw) Polarity
Toluene C7Hs 110.6 -93 0.867 0.051 24
Chloroform CHCl3 61.2 -63.5 1.498 0.815 4.1
Methylene chloride CH>Cl 39.8 -96.7 1.326 1.6 3.1
Ethyl acetate C4H30 77 -83.6 0.894 8.7 44
Hexane CeHis 69 -95 0.655 0.001 0
1-Octanol CsHi30 1944 -15 0.827 0.096 39
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350.0
3000 - ——Carbaryl
s 500 -#-Diazinon
] -~
£ =+—Methyl Prathion
% 200.0 - —<Fenitrothion
T 1500 | =#=Parathion
w 1000 —o-Phenthoate
: ——EPN
50.0 -
0.0

300RPM  600RPM  900RPM  1200RPM 1500 RPM

Fig. 4. Comparison of agitation effect.
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2 22259 Fig 40] iehy Qe
gl AR o] & H7] S 2 AsHE

g4 a3k 24T ol
AL gutr oz AF 24 A} & shtolrh AFew
+ A2, AHFEE 1200 rpm, pH 5, F+E A2 58, &
Ll toluene O 2 T A3 Algof| A AFAEL] Hx7}

5%, 10%, 15%, 20%, 25%7} B =2 g3t4AE2S A7sto]
F28ol st Jee alstct.

UuEA © = HF-LPME A& o] 8§31 A& FE0f|A] o]
250 o3t JYFAHRINL h37} Lt A, Bl A
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300.0
250.0
—e—Carbaryl
‘T 2000 - -=-Diazinon
GE’ -+ Methyl Prathion
ﬁ 150.0 o =<Fenitrothion
::-. —Parathion
w 100.0 -
-o-Phenthoate
500 4 ——EPN
0.0

5% 10% 15% 20% 25%

Fig. 5. Comparison of salting out effect.

A ARt =& Y EHE 43} st =&
B2 57H7I= Aol Fasith Ad2Ee AL, 43
A5 15%, ST 1200 rpm, pH 5, &89 += toluene
o2 31435k Ao A & A|ZF2 1 min, 2 min, 3 min, 4
min, 5 min, 10 min, 15 min, 20 min®] === 3lo] =2&&
of o e shalshaict

Hsl2] Je) & o2 Iz AL 5= om ofitolut
ok 7|7} £ olo|ch. Ak o2 el Wk §7]
|z 25T ¢ dong PP A sfEE S H
g Fe = HIA A =5 FH O w5 TR
AW FEAES S7HE 5 e ol ¥Mske Mt
3 TFol 28 HrlalAL ofatol Lt o]0 A o] pH %
Yo 2ZARE /AL & Ak B4 249 pH
g WA A B4 289 o 23t JeE WAL
1400.0
1200.0
—e—Carbaryl
= 10000 ~ -&-Diazinon
g 800.0 - —+—Methyl Prathion
'5 —<Fenitrothion
= 6000 - . :
£ +\y  —Parathion
W 4000 [/ W] -ePhenthoate
] H ——EPN
200.0 - %
0.0 -

Imin 2min 3min 4min 5min 10min 15min 20min

Fig. 6. Comparison of extraction time.



588 gAe . o]

300.0 - pH effect
250.0 A
—e—Carbaryl

¥ 2000 - -m-Diazinon
g —+=Methyl Prathion
% 150.0 - —<Fenitrothion
= —Parathion
S 1000 -
w —-e—Phenthoate

500 | ——EPN

0.0

pH2 pHS pH8 pH11

Fig. 7. Comparison of pH of aqueous sample.

5,
o},
= =& o] pH 594

2,
A
e

= Ak(two phase)2- ©]

]-mu%

3t

ﬂxilﬁii lﬁﬂ% FEES
&3 LPMEO| A 54 =4& 7] gufjoll §sf 7 & =L
AR BAL g g7t T 7] wh o] pHi
AEZ o] o]2A |7} ofd 24 AHl = pHE Z A3} oF
gtcth 24 529l carbaryl2 pK, 2.36, diazinon2 pK, 2.6,
methyl parathion2 pK, 7.08, fenitrothion-> pK, 3.07, parathion
2 pKa 7.15, phenthoateg pKa 4.7, EPN2 pK, 3.850.2 =
ASi 421 £3aEE Yol ol 2001 Kol

190U pH 5 & 1 doFS o] A BA] A (I & 3
55 UEU I pHoll thE &3S Fig. 70l UrEHH
Atk

;:0

Yol RS

HAAFA: 3100 | & 2 o2 35313 GO/
MSol Fejstel BEE AARAS AL 5E §
Table 4. Optimized HF-LPME conditions
Parameter Condition
Concentration. 200 pg/L
HF 3cm
Sample volume SmL
Orgnic solvent Toluene
Stir 1200 rpm
NaCl 15%

Extraction time 15 min
pH 5
Injection volume 2 ul

]

A~
Z - s

Ho

Table 5. Calibration equation and linearities (concentration range:
5~50 pg/L)

Compounds Equation R?
Carbaryl y=0.0030 x - 0.0063 0.9998
Diazinon y =0.0025 x +0.0020 0.9982
Methyl parathion y=0.0020 x - 0.0051 0.9992
Fenitrothion y=0.0025 x - 0.0090 0.9972
Parathion y=0.0017 x - 0.0054 0.9969
Phenthoate y=0.0017x +0.0073 0.9997
EPN y=0.0011x+0.0011 0.9989
He FH S mLofl Sug/L, 10 pg/L, 20 pg/L, 50 ug/L7}

HEE XA BIE A, YR EFEZ(STD)S phenanthrene-
dE A-gBtel, BE7H 40 pgllrt % A Bke] Ay
stk 7 A3 ML T 7] SOk wE 29 A
(Coefficient of Regression, R?)= 0.995 o] A} 0 & 2 24
AL etk B2 2T AT AA /\] HF-LPME
o] 272 Table 49t 7t} T HE &%
550 ug/ll = WHlolA HAZAHZ 2
Table 5°| LEFU AT}
A&eA % AFA: DY H4 22 2008 A
GC/MSDE ©]-§-35fo] A 5= 1
% SHA|(Limits of detection, LOD)2} A= $FA|(Limits of
Quantification, LOQ)E ZA}8Ith A|RE 5 ug/l =7}
A &1 7 W HkE =5t P4, 5 A3}, A= 3
Aot Ao oA, % ASE, AUES Totch dEA
£ 7 MR A o] EERAe] AR ECAE §
Zapol 1083 gHe
AEL. 1 A5t 2% BALODIE crbaryl 0.3 el
diazinon 0.40 pg/L, methyl parathion 0.39 pg/L, fenitrothion
0.37 ng/L, parathion 0.55 pg/L, phenthoate 1.17 ug/L, EPN
1.23 pg/Ls e USRI 4% HA(LOQ)= carbaryl 1.70
pg/L, diazinon 1.29 pg/L, methyl parathion 1.25 pg/L, fenitrothion
1.19 pg/L, parathion 1.76 pug/L, phenthoate 3.74 ng/L, EPN
3.91 ng/Le 3= & 5= USATH(Table 6).

AYge 9 U= JUE 9 Aewo A4S
Sug/ll F=ollA A= with 33]% A5k o,
= dHEZHARSD)E YL, FeEe A
o] Bt AP E UeF 551H7] 1002 st 313 et

A S = carbaryl 95.1%, diazinon 88.1%, methyl parathion
99.7%, fenitrothion 111.3%, parathion 104.4%, phenthoate 99.8%,
EPN 1002%E YERHACE AW E= carbaryl RSD 3.58%,
diazinon RSD 2.92%, methyl parathion RSD 2.50%, fenitrothion
RSD 2.14%, parathion RSD 3.38%, phenthoate RSD 7.50%,
EPN RSD 7.82%% WEFY Yl TH(Table 6).

E xzb—]_

éoﬁi:&
o

uco =)
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Table 6. LOD, LOQ, accuracy and precision (n=3)
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Compounds Spiked Conc. (ug/L)  Found Conc. (ug/LL) LOD (ug/lL) LOQ(ug/L)  Accuracy (%) Precision (RSD) (%)
Carbaryl 5.00 4.76 0.53 1.70 95.1 3.58
Diazinon 5.00 441 0.40 1.29 88.1 2.92
Methyl parathion 5.00 4.99 0.39 1.25 99.7 2.50
Fenitrothion 5.00 5.56 0.37 1.19 111.3 2.14
Parathion 5.00 5.22 0.55 1.76 104.4 3.38
Phenthoate 5.00 4.99 1.17 3.74 99.8 7.50
EPN 5.00 5.01 1.23 3.91 100.2 7.82
2 oAl F9ek HF-LPME $&¥-2 AlRet §7]8)
AEEE A Y & S B ofy e FAlEE ©]
B ROl Al &1l HY v FEUHFLPMEIZ o] 374 30l 7bsdt] 23 £0A0L Y| HoE G
gotol YLELATYATUN £ALGBIANGE]  HAZ 5 Y A0 AREG
Al BeE]stal 9l FoFel tigh SA =4S g e sl
LPMES o] 83 7|2 ‘5o £40lxE §7107 skt REFERENCES
Fhup o E7] 35-0FS 72} upe R SR AT 2 Ao
ML EA] BAst0] 2282 otolH olrh S| B AW 3} 1. Xiong, J.; Hu, B, J. Chromatogr. A 2008, 1193, 7.
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59K (7] A H<F diazinon, methyl parathion,
fenitrothion, parathion, phenthoate, EPNX} 7|1} o] E A 52F
carbaryl)@] pK, 7t2 tt 2 X9 pHE} NaCl =& =43}
o ART AT 75 tworol thak FA| HAA M4 pH %
A& 5.001%1e 1, NaClof| &3t A aT= 15%Y o F
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7.82 RSD%2] AitE A 4 Qo
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