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ABSTRACT. A liquid chromatography-electrospray ionization-tandem imass spectrometry method (LC-ESI-MS/MS} was
used for determiming seven pesticides (2,4-dichlorophenoxyacetic acid, methomyl, aldicarb, 2-methyl- 4-chlorophenoxy- ace-
tic acid, molinate, carbaryl and carbofuran) and two synthetic matenials (quinoline and bisphenol-A) in surface water. The ana-
lytes were extracted using solid-phase extraction (SPE). The eluate was concentrated by nitrogen gas. 100 microliters of 30%
(v/v) methanol aqueous solution were used to dissolve the residue and an aliquot of the reconstituted solution was directly
injected into LC-ESI-MS/MS after the filtration using 0.2 pm polytetrafluoroethylene (PTFE} syringe filter. Under the estab-
lished condition, the calibration curves of the analytes were linear with correlation coefficients of above 0.997. The quantifica-
tion limit was 0.002~0.011 pg/L and the relative standard deviations were less than 16.4%. In addition, accuracy was in the
range of 84~107% and the recoveries were values between 56.2 and 98.6%. In this study, the developed method was applied
to the analysis of real surface water samples.
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A 24-D = A 2AR 2 ALFT T, ¢l
3t 5422 43, 38, TY A2 e ME=LE 5
ol AGE X Aom, A BU7tsd E3H BE EFH
Aok’ Hade BEY SSAR, He 34 FATEA
LDs(Z)7}F 30 mgikgolth Euizh2 4242, 45
ol W3 54542 ol Zshe] el st 54 A+

=4 LDgw7} 0.9 mgkgelth’ 2] 1, ol yof] 3L oFof &

E5H Al A3}, iR, 55 §F 4271, 33
A A LS ope|AlZ & QT MCPAE T 224 A"4 A
ZA| 2 FHoll )t FA44 73 T=4 LDsp7} 700~1,330 mgkge] 2,
L& A HE, 2395 A Aof, 7F &AF Eo] B
Ath? Molinate= = A Z2A 2, =AY 2| 73k =4
UERU I, A 7Rk St go] RS nq 7
Q) BE, 9, 2G5 L S A spiee
HadFARA ATelA 754 e 2 oI, F
ek AT EA-L 250~850 mg'kge| T}, 7L Fek-E AbaA

2, Fof A3t 84 2+ 54 LDaw= 8~14 mgkg, 7o) of
gt B AT EA LD 19 mgkgl 2 =2 EA8 Ho
E4o] k.M A2 2] A2 quinoline2 A¥ 4t

=
F0AZ 9ANE 4 BURE2 b 5, 94
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A3otn, £F, W71 5& o 4 glon wyy?
Al 7k &4po] o] Algih B3 EPASIA w22 2FCE
BRSEcD EF vadsal Sotay A2 Q4%
AR A2 SO AT YRoATABAE He
FAME A7 W] BAE Yo & on, Tk
240, 5%, &, B, AR R3] Yk

A
22 Aol A= S Qe AR E HESH7) A
GF AA T A4d 4 771240 Al=EA Ak A
el Aoz A yL&23z i EZFH(rotating disk
sorptive extraction, RDSE),"* 11 Q|4} n]2F3=-2 H(solid phase
microextraction, SPME),"**" 2 4|4} &% (solid phase extraction,
SPE)’I_‘,18.20.21.23.24.26.32 1—_-,]_?_:]‘ B]—% DI El_ol:_:'t\_%ﬁ (single d.l'()p
microextraction, SDME),* 218 3 A4} 0] 32 Hidirect
immersion, DI}-SPME,"™"” %A ¢l (direct injection, DI),”
mytohrf S 22 (stir bar sorptive extraction, SBSE) o
o o] 22 H(liquid-liquid microextraction, LLME),*” 24 A|

A o|Ehaad 2l ol 22 H(liquid phase microextaction-
dispersive liquid-liquid microextraction, LPME-DLLME),*
223} o4& oY A 3Hulrasound-assisted emulsification, USAE)®
e Afo] 2 TAAF u| k2 (headspace-SPME, HS-
SPME),”! 21 & Z¢]¥(directly injection, DIY* S-0] ¢l t}.

ae|a, A 7171 24E A 714 220E 28 0|
AR 49 (gas chromatography mass spectrometery, GC-
MO B Ay F=otEada FBFEAH(liquid
chromatography mass specrometery or tandein mass spectrometery,
LC-MS or LC-MSMSPg #2 Ag35ka 912, o] 2d=
GC-EF o] 23 dE7|(GC-flame ionisation detector, GC-
FID)” GC-E& B& P&7|(GC-flame photometric detector,
GC-FPD)® GC-A 228 72 7](GC-lectron capture detector,
GC-ECD), 3! LC-t}o)| & wld A& 7|(LC-diode array
detector, LC-DAD) o|-& aEntE Tefa-#dZ FE7|(m
chromatography-fluorescence detector, IC-FLDY 52 &%
sto] 245G

shas o) 2ojske) £HBUS BEHA| AAE L
saAsc ERA $ABY AARY 50| TUE 2
H71&e] Gastet 284, o] §7 B(USEPA) method ™
5 3] ATEY ZAE B 5T 2AYE B2 ¥y
AR T EA|of A £ o) 2 Ao SPELC-MSMSH-S
Agstrnt. o] 2E4HoE 4R 73 4 THYUR 2T
Zzko Yl eI B4 bW 2 FuUAL
ohizh d=lE s gEB 2BE dhow, Hus
107 | Fof H-&3te] &4& YAt

o ﬂiiﬂ

Mz S Y

M=
2 T AMeE fuis Merck(DannsadL Germany) 2}
Fet 2494 Aok o] &5tH 2, WEEF S (internal

standard, I1S)S Egs5t ZtE F2EAL2 Sigma-Aldrich
(Taufkirchen, Germany)&] 25 = E 2 EN-2 8] 45l A}
|3tdrt 248 gt&d ot EL o] EE 2 Burdick &
Jackson{Muskegon, Michigan, USA}2| A]2F-& A}2-3Fgich
& & oA H o] E= Sigma-Aldrich, 7§ o] 4H formic acid)=} ¢
4Ah2 Junsei(Tokyo, Japan)e| 248 A|ek& AHESFE ).
AAlee 2o 22 milli-Qimillipore corp., milford, MA,
USAYE ARE-8Fe] A A5 .2 o, HLB¢hydrophilic lipophilic
balance}?} MCX (mixed-mode cation exchange) cartridge =
Waters(Milford, MA, USA)2] Oasis™ 4|2 £&8 6 cc A1FS A
|3tk ASZolet 49 EEE Advantec(Tokyo,
JapamAt A E-& AHESIE L, B 27 7| F= AA, &
T, ob A 2, fEER d&sto A HT F 350°Co A 4
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107 <1 Hol A AZstale
3t Environmental Sampling
Supply{San Leandro, CA, USAA} A &2 HIEZ 77}
e 1L A2 HE 28712 f7180] S-25A
$eg FUE ABNE BRI Ak Y2F ARE
Z

= = R Ry} =

A
4°C 2EE frA8t7] 8 el 22 ¥ ofola
Bl Bystgod, Aot ARE HYUR o8

24 WA 9% RBsh g

SUR 75 SAIZME 2T HMA2 2

045 ym A ZF0| & AHE8I] A & AR 500mLE 6N
Ao Z pH202E 2H § YR Z 2B AR F-)S
A7 ok HLB 7HE 2] R & 71357247 2| (vacuun manifold)
of 43t 3 8, dmlet 4B 4mlE E3FT T
2844wl pH 22 228 $54 SmLE A2 53
A7 Zu]5b4tt. 28] 2 HLB 7HE 2] %] o)) A| 25 10 mL/min
A EEE FHAZC AIR7 FHH HLB 722X E d2
A7) The e 6 mLE &2 A AT o] £aAe A
FEIVE AHE3E 100 pL7kA] 53 AR S 30% R
100 L2 A g-8f3ke] 0.2 pm AR WHE o347 F
2mL vto]go A LC-MSMSE E431]t}

VAR 2T SAEME SIEt M| opd

0.45 um HEF0|E AL-3le] A2 F AR S00 mLE
NaHCO; KoCOs (2:1) 3-89 ARE3) pH 1022 =74
Thg W2 222 A quinoline-d7, B A7 E-A-d16)2 7}
sk MCX 7HE 2] XS Z3 7243 A (vacuum manitfold) o]

Table 1. LC-MS/MS conditions of pesticides and synthetic materials

BAE F SR 4mle} ee 4mlE EHF I T4
ZHF 4ml, pH 1022 24% SH3 5mlE 72
FAAA FH|stETh 223 MCX FHEE| 2] A2E
10 mLimin®] £ =22 Azt Al 571 Sk MCX 7}
Eo8 A2 T AEE 6wl S ARt of
felds w75 AHEEH] 100 pL7tA] 5F A7
oh2 30% 922 100 L2 2 25)3ke] 0.2 um A2 %] H
HZ o{ZA|7] T 2 mL vlo]do] §H LC-MS/MSZE 2
Hataiv.

LC-MS/MS &4

LC-MS/MS+= Agilent(Palo Alto, CA, USA) 1200 series?]
LC2} Agilent 6460 series€] triple quadruple instrument & A}
L23l9 1 ESIREE 451 ¢ et AF-S 50mmn x 2.1 . 1.8
wm pore size2] AgilentA} Eclipse Plus C18-& A5G0, <]
EAF(mobile phase)?] FH(flow rate)Z 0.2 mLAninl 2
dAsHA 723G ol F 4 A 5 24 A 01%
o] Akformic acid, o] EAF A, FAYUR E4 A 10mM ¢+
2F otAH o] E(o]FA ADE A= o] 54 BEE of
HEVCIER S AMESFEA, o] 54 ol 212 2442
Al 0] 5AF BE (%2 ST, 18 £ 5%, 10.58 9= 100%,
1E 0| = 100%, [1280f)= 0%7} S| =2 4 H3L A THTable ).
A4 U A2 A& 913 vbERks- 2 H Hanultiple reaction

monitoring, MRM) Table 29} 2t}
Fn g oy

UHHHEEH X HE

A Z&31 A (the low limit of detection, LOD) I 7 2314
{the limit of quantitation, LOQ)= $57} ofd o 2 &an&
2 2HEH] dEEHA $E sHH,F o858 0.005

Parameters Conditions
Column Eclipse plus C18 column, 2.1 mm i.d., 30 mm Length, 1.8 pum particle size
Mobile phase Al : 0.1% Formic acid {for the pesticide analysis)
A2 : 10 mM Ammonium acetate (for the synthetic material analysis)
B : Acetonitrle
Gradient Time {(min) 0 5 10.5 11 12

Solvent B{%) 0
0.2 mL/mn
Injection volume 10pL

Colwnn temperanure 40°C

lonization mode

Column flow rate

Gas temperature 350°C
Gas flow

Nebulizer 35 psi

10 Limin {nitrogen)

40 100 100 0

Positive ion electrospray, Negative ion electrospray
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Table 2. LC-MS/MS MRM conditions
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Compounds Polanty \l,:;if;egr) PI‘EC([:;;;‘ on %:)aﬁ:;[j: 2;?;& I:K?)} Confirm ion (m‘z) (collision energy. eV)
Aldicarb Positive 70 116.0 89.1(3) 70.1(3) 61.1(9) 116.1(5)
Methomy!l Positive 50 163.0 88.0(3) 106.0(3) 65.1(1) 58.1 (25)
Molinate Positive 80 188.1 126.0(7) 55.1(27) 83.1(13) 98.1(13)
MCPA Negative 70 199.0 141.0 (5) 199.0(3) 104.9 (30) -
Carbaryl Positive 60 202.0 145.0(3) 127.0(25) 91.1 (50) 77.1(50)
24-D Negative 80 219.1 160.9 (3) 125.1 (21) 892 (2% 219.1(5)
Carbofuran Positive 80 2221 165.0(3) 123.0019) 2221 (5) 77.1(45)
Quinoline Positive 120 130.0 77.0(33) 51.1(21) 103.0(55) -
Bisphenol-A Negative 100 2271 2121 (11) 133.025) 93.1(35) 227107
T 001 pgl7t B2 E EHFAL d71E AR THE d = E Sttt SR YT AN AL S4ET
FHBLLL, 7T A B E A dAet 3 YskA &35t & Tuble 37k Zo] AEE = w28 HelM ZE AEZ4HY
WAS UL T, BEUAC) 3145 TH S FHAE  AMAN] 0997 0|42 FL BTE e itk
A, 102 T3k gh2 AFSAE A4Sk HolA
3 =7 AA AlmolA HEE & UAEXE AE5I et yEr
&) 248 o] AEEIX] Y2 51+ o]-85)0] Aof A T (precision)2t AT (accuracyls B4 E3 o] F
TE AETAR e F A E et FYstA 225k 25 7] g2 st g FEA e 31008 F= e
HEstHE 1 signalnoise(S/N)B) 7} 38l o] QA &el Fopgo] He g 2EESE S TYA HFHE ANEGE
sttt HeF e LODRF LOQ 24 A, vlag2 22 oFFe] 73 0.012 0.05 pg/L, **QJE—J £ 0.13} 0.5
0.0008 gL, 0.003 pg/Loj itk Melinate:= 0.002 ugL, 0.007 ugLyE 5748 Z2Hjstn AlY S 28 2tel 5d A X sYste

pg/Lo] 9l 3, MCPAL 0.002 pg/L, 0.006 pg/L o] %tk E3T
Zhebd ah drjh2 o] 0.001 pg/L, 0.004 ug/Lo| 22
24-D& 0.003 pgL, 0.009 pglLel it 713 22 LOD3}:
LOQ ZHe 29] 7FE Z2ke 7z} 0.0006 ug/L, 0.002 pg/L
ol 2tk &4 YRFL] LODLE LOQ =477, quinoline
0.004 ug/L. 0.011 pg/Lol A 2. Bl A H&-AE 0.003 ng/'L2}k
0.009 ugLo] gt

T3tk ok AL, 16.4% _4 Az 2} 83.5~110.0%
O

o HE=E 2ot FHAERY A= 47-84% A
=9} 84.0~107.0%2) B ZE 2 G tHTable 4).

24~

38

BlrgiecovayrE SHEZHO| HEHA| g2 FhEa
S &AL 3~100u] B FEeEo] HES =
EE2AE YA HIE ANECEYdFE F$ 0017

dZ3d3 MY 0.05 ugL, A UE S A2 0.1 0.5 pg/L)2 3744 21j
AT AL W B A Wel 57 sz o i 33 Ag B EA e FYshA A3 sETh 2 vk Al
AEFAAE ASIT dojR FAZAH 2FARC7F 098 THEAZ A YT 2L FEFAY LSS Mo
oj4ojofol stm 2 A7t HBHHE HojuhdH | & & AR A AT AT | wste] WEES TSt 5
Tuble 3. The LOD, LOQ and linear equation results for the analysis of seven pesticides and two synthetic materials in surface water
Compounds LOD {pg/L) LOQ (ug/L) Linear equation r
Aldicarb 0.001 0.004 y=4.233x - 0.0293 0.9972
Methomyl 0.0008 0.003 y=12.49x-0.1148 0.9971
Molinate 0.002 0.007 y=2025x - 0.119 0.9986
MCPA 0.002 0.006 vy =6.102x - 0.062 0.9994
Carbaryl 0.001 0.004 y=24.71x - 02904 0.9970
24-D 0.003 0.009 y =4.106x — 0.0065 0.9990
Carbofuran 0.0006 0.002 y =49.49x — 0.2585 0.9988
Quinoline 0.004 0.011 y=1071x - 0.0011 0.9998
Bisphenol-A 0.003 0.009 y=1911x-0.011 0.9999
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Table 4. Intra-day laboratory precision and accuracy results tor the analysis of analytes in surtace water (n=5)

Compounds Unit Spiked conc. Mean + SD Precision (%) Accuracy (%)
n . 0.01 0,008 = 0.001 9.2 835
Aldicars He 0.05 0.045 + 0,004 9.16 90.7
} 0.01 0.010 £ 0.001 135 101
Methomyl kgL 0.05 0.055 + 0,003 4.49 110
. 0.01 0.010 £ 0.001 9.30 959
Molinate ng’L 0.05 0.044 + 0,007 16.4 87.0
0.01 0.009 £ 0.001 127 372
MCPA g/l 0.05 0.054 + 0,004 735 108
_ 0.01 0.011 £ 0,001 782 107
Carbaryl g/l 0.05 0.054 + 0,005 9.03 108
0.01 0.009 £ 0.001 N2 397
24D gL 0.05 0.052 +0.005 887 104
Carbofuran L 0.01 0.010 £ 0.003 2,60 99.7
' : He 0.05 0.051 +0.001 235 102
Ouinolne " 0.10 0.099 = 0.006 617 987
- He 0.50 0.418 +0.035 844 84.0
- - 0.10 0.086 £ 0.006 6.94 856
Bisphenol-A He 0.50 0.537 £0.025 471 107

Table 5. Recovery test results for the analysis of seven pesticides and two synthetic materials in surface water (n=5)

Compounds Unit Spiked conc. Mean recovery = SD (RSD%)
Akdica el 005 53e32649)
Methomyl el gg; gi? i '1’%4%(5&1;}5}
Molinate ngl 313; ggg . ’1'%111( ig%?}
MCPA ngl 003 8511 51441%(51:}2}
Carbary e 003 6602670101
24-D ng/L 313; gggic 11142((1135_?}}
Carboturan ng/l gg; gg? i ‘313 S(SJ;
Quinoline ngL 8:1',8 gg; i ?(2) gg;
Bisphenol-A ngll 8;1',8 22 gi ;]5% l 95}.9)

Rl AP, 57.8-98.6%2 W B 3.8~19.69 A
HEZHACHE B AR 3 2+ 562-767%2]
g 348y 39-1592 A EFHIAENES 2o
(Table 5).

}

i
>
Vo

NZ

a4 F 1025l W ARE A3Fste) SPE-LC-
MSMSE #43 23, bRl eoys shutEe A
Aol e AERA ot sAFAA dlagel 3
2., 0012 pg/L(FF 0003 pgll) SE2 ASHUL, BE

o)

fu
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HE S 10% % 2™, molinatee] 72, 0.008~0.009 pg/L(E
o+ 0005 pgl) FEHHE HEHUD, FSUEE 20%
v}, 28] MCPAS] 74, 0.007~0.073 pg/L(H 7 0.029
pg/ly SRR AEEUL, ASVUEE 0% L,
24-D2 7%, 0.010~0.101 pg/L(H 7 0.031 pgl) E =
2 FEEAL, AEEE T0%A . B3 7R FE e
ALL 0.023~0.465 nyL(EF 0.191 pg'l) S=HS 2 7
2597, FEY 2= 90%Ath YR A quinolines)
7350013 ng L 0.006 ngly s =HH= HEEQUL, 3
SHE = 10%E e, vjLHs-Al] 25, 0013-0.189 pgll
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x10 7 [+ES1 MRM FragsT0.0V CIDE"™ (116 00000 -> 82 10000) Cakl d
1.5 1 " 182 1
Aldicarb
1.
05+
%10 3 |#ES1 MEM Frage50 0V CIOE (16300000 -> &2 00000) Cakd d
oL *8 8 1
Mathomyl
‘-
2.

x10 ¢ |+ESI MRM Frag=20 0V CIDE™ (12810001 -> 126 00000) Cakl d
1 * 10187
11 Molinate

x10 Y [-ESI MAM Frag=70.0v CIDES 0 (163 00000 -» 141 00000) Cakd d

adh *8ba7 1
MCPA
14
P
x4 |+ESI MAM Frage60. 0 CIDG™ (202 00000 -> 145 00000) Cakd.d
1 B2 1)
Ly Carbaryl |
0.5

210 7 [-E51 MRM Frag=80 0V CIDE™ (219.10001 - 160 50000) Cokd d
&4 | a2 1
1 24D F

|

x10* | +ES1 MRM Frag=80.0V CID@"™ (222 10001 -> 165.00000) Cak d
1 "EEN3 1

a0 3 [+ESI MAM Frag=120 0V CID@™ (130 00000 -> 77,10000) Cakd d
o' *7.738 1

. Ouinoline |
24 ! ;
M ey A A . — —

%107 |-ESI MRM Frag=100 0V CIDE™ (227 10001 -> 212 10000) Cak3 d
B+ "
1 BpT1 1

44 Bisphenol A

e,

05 1 1% 2 2% 3 35 4 45 5 55 6 65 7 75 8 85 9§ 95 W0 105 1 15 12 125 13 135 14 145
Counts v Acquiison Timg (min)
Figure 1. LC-MS/MS chromatogram of the extract from surface water sample spiked in the concentration of 100 pg/L (aldicarb: 7.782 min,
methomyl: 5.636 min. molinate: 10.167 min. MCPA: 8997 min, carbaryl: 8.821 min, 2,4-D: 8.972 min, carboluran: 8.6]13 min, quinoline:
7.735 min. bisphenol A: 8.971 min).
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%107 [+*ES| MRM Frag=50.0V CID@** (183,00000 -> 83.00000) K-18.4

1 Methomyl !

i . \

%102 |-ESI MRM Fraga70.0V CID@S.0 (199.00000 -> 141,00000) K-18.4

{ MCPA .

R e
| ===

AN
x10 2 |[-E5I MRM Fragsg0.0V CID@™ (219.10001 -> 160.90000) K-18.4

154 24D

144

1.24
1 I

084 L

08 J

044 JLM/“J%—M“.N@A«_A_,-_A_«_LL&“__}_H«_’\_LH_NJF \_-/hL-—A_:-_n—hﬂ._rL

1104 |+ES! MRM Frage80.0v CIDE™ (222.10001 -> 165.00000) K-18.4

1241 Carbofuran 1

0.8+
0.6+

%102 |-ESI MAM Frags100.0v CID@™ (227.10001 -> 212.10000) K-18.4
1 1

51 Bisphenol A

. ) _.A.-'«._J.k,—._,._.-du\..-.r.f'-—.;«-\_.»_ﬂ_._.,—. WA R A o
05 1 15 2 25 3 35 4 45 5 55 6 €5 7 75 8 85 5 95 10 105 11 15 12 125 13 135 14 145
Counts vs, Acquisition Time (min)

Figure 2. LC-MS/MS chromatograms from Gim-le {sampling site) quantified in concentration of 0.012 pg/L (methomyl). 0.035 pg/L
(MCPA). 0.015 p/L (2,4-D). 0,100 pg/L {carbofuran) and 0,189 pgil. (bisphenol A).

2015, Vol 59 No. 3



232 F43} - o - o)

(B 0050 ugl) FERHNE FBEHUT, FEUE 9%
vt 822 AL B7HE B 1074 AHAY F # A
Y BEE BHTR) e IZoEIYS Fig. 13}
Fig. 201 Ureku) ik,

2 droMes stde W sUdF 4 §HYRE S0
72 B8 4 Qe 27T SPE-L
Hgatednt o] BAY LR HorRdl sl ke By
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