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Abstract

BACKGROUND: A lasting release of low levels of
persistence  chemicals including pesticides and
pharmaceuticals into river has a bad influence on aquatic
ecosystems and humans. The present study monitored
pesticide residues in the Yeongsan and Seomyjin river basins
and their tributaries as a fundamental study for water quality
standard of pesticides.

METHODS AND RESULTS: Nine pesticides(aldicarb,
carbaryl, carbofuran, chlorpyrifos, 2,4-D, MCPA,
methomyl, metolachlor, and molinate) were determined
from water samples using SPE-Oasis HLB(pH 2) and
LC/MS/MS. Validation of the method was conducted
through matrix-matched internal calibration curve, method
detection limit(MDL), limit of quantification(LOQ),
accuracy, precision, and recovery. MDLs of all pesticides
satisfied the GV/10 values. Linean'ty(rz) was 0.9965-
0.9999, and a percentage of accuracy, precision, and
recovery was 89.4-113.6%, 3.1-14.0%, and 90.8-106.2%,
respectively. All pesticides exclusive of aldicarb were
determined in the river samples, and there was a connection
between the positive monitoring results and agricultural use
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of the pesticides.

CONCLUSION: Monitoring outcomes of the present study
implied that pesticides were a possible non-point pollutant
source in the Yeongsan and Seomjin river basins and
tributaries. Therefore, it is required to produce and
accumulate more monitoring results on pesticides in river
waters to set water quality standards, finally to preserve
aquatic ecosystems.

Key words: LC/MS/MS, Monitoring pesticides, Solid-
phase extraction, Yeongsan and Seomjin River
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#2229l aldicarb(100 mg/L in acetonitrile)= Dr.
Ehrenstorfer(Augsburg, Germany)oll4] -3, carbaryl
(99.8%), carbofuran(99.9%), chlorpyrifos(99.8%), 2,4-D
(99.9%), MCPA(99.8%), methomyl(99.9%), metolachlor
(97.6%), molinate(98.8%), carbofuran-d3 52 Sigma-
Aldrich(MO, USA)oflA Fufjgtsitt. Oasis HLB(200 mg,
6 cc)= Waters(MA, USA)o|A o}t HPLC &9
O EYEHI} Heh&2 SK chemicals (Ulsan, Republic
of Korea)ollA] +5t9lat, 1 €] AJekS GR 5 ARS5F4ich

EEUNS ST 2 SHE B45t] 50 mg/Le] F
TEEGNE WEYLh 2 FUEEEOIL Y B A

Seomjin river basin

Fig. 1. Sampling points in the Yeongsan and Seomyjin river
basin.
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Table 1. Analytical HPLC conditions for pesticides.
Column Gemini-NX Cyg (3.0 um, 2.0x150 mm, phenomenex, CA, USA)
Clumn temp. 35C
Flow rate 0.2 mL/min
Injection volume 5 uL
Mobile phase A: 0.1% Forrm:c ac%d %n methanol A : Acetonitrile ’
B : 0.1% Formic acid in water B : 10 mM NHiOAc in water
Aldicarb, Carbaryl, Carbofuran, Methomyl 2,4-D, MCPA
Time A B Time A B
0 5 95 0 10 90
1 5 95 1 10 90
. 4 50 50 6 100 0
Gradient 9 100 0 10 100 0
18 100 0 10.5 10 90
185 5 95 14 10 90
21 5 95
Chlorpyrifos, Metolachlor, Molinate
Time A B
0 30 70
1 30 70
Gradient 7 100 0
14 100 0
14.5 30 70
17 30 70
Table 2. Multiple reaction monitoring parameters of pesticides in LC/MS/MS.
Pesticide E_leCt.I‘OSPray Precursor ion _ Product ion (m/z CE’, V) cy?  CP?  Extractor RF lens
ionization (m/2) Quantitation  Confirmation (V) (kV) V) %]
Aldicarb [M+NH,] 208 116 (7) 88 (18) 11 2.35 2.0 0.2
Carbaryl [M+H]* 202 145 (8) 127 (27) 2 235 2.0 02
Carbofuran [M+H]* 222 165 (13) 123 (20) 25 235 2.0 02
2,4-D [M-H] 219 161 (10) 125 (24) -18 2.50 -3.0 0.3
MCPA [M-HJ 199 141 (13) 155 (8) -25 2.50 -3.0 0.3
Methomyl [M+H]" 163 88 (10) 106 (10) 17 235 2.0 02
Molinate [M+H]* 188 126 (14) 98 (20) 25 260 2.0 02
Chlorpyrifos [M+H]* 350 198 (16) 153 (16) 26 2.60 2.0 0.2
Metolachlor [M+H]" 284 252 (14) 176 (25) 24 2.60 2.0 0.2

a) : Collision energy, b) : Cone voltage, c) : Capillary voltage

SMEH MY

High—performance liquid chromatography
Aldicarb®} carbaryl, carbofuran, 2,4-D, MCPA,
methomyl, molinate, chlorpyrifos, metolachlor 5 & 9
AR 592 liquid chromatography-tandem mass
spectrometry(LC/MS/MS)& o83l EA51%111, Waters
Alliance 2695 Separation Module®] LC®} Waters TQ
detector API tandem quadrupole mass spectrometer
(Waters, MA, USA)2] MS/MSE A3t 40 A&
H AL Gemini-NX Ci5(2.0x150 mm, phenomenex,

CA, USA)ol1, A £5=35C, 442 0.2 mL/min, F

5 uLojltk LCY oA 2+ o] 549] gradient+=
5}l =0] 2AFe| peak WO} intensity S $J3t0] ofe] =4
o7 AAslga Table 1] 245 Helatict.

Tandem mass spectrometry (MS/MS)
RE 592 MS/MSY electrospray ionization(ESI)

o 1

mode?] positive T negative modeo|4] o] 235|111,

Zt AQEol A o]3t =7 9 multiple reaction
monitoring(MRM) mode Z=7-& #3l7| 93] manual

tuningS 5%tk ESI(+) modeolA=  aldicarbet
carbaryl, carbofuran, chlorpyrifos, methomyl, metolachlor,
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Table 3. Calibration curve, method detection limit, and limit of quantification of pesticides.

. Linear range Determination of coefficien s DY LOQ”  GV/107
Pesticide fig /f) 8¢ ete atlo( rz)o coetficient Calibration curve Xg /L) (LLZ(/QL) (LLg//L)
Aldicarb 0.001-0.2 0.9987 y=1.3418x+0.0015 0.0019 0.0059 0.01
Carbaryl 0.001-0.2 0.9996 y=4.8849x-0.0014 0.0007 0.0023 0.023
Carbofuran 0.001-0.2 0.9999 y=8.1877x-0.0005 0.0005 0.0017 0.5
24-D 0.002-0.2 0.9990 =3349.4x-4.5002 0.0037 0.0119 0.01
MCPA 0.002-0.2 0.9994 y=6086.2x-2.7567 0.0031 0.0097 0.2
Methomyl 0.001-0.2 0.9997 y=1.7787x-0.0008 0.0013 0.0043 0.008
Molinate 0.001-0.2 0.9968 y=5.96x-0.0211 0.0038 0.0121 0.05
Chlorpyrifos 0.003-0.2 0.9965 y=0.1058x+0.00004 0.0081 0.0258
Metolachlor 0.001-0.2 0.9974 y=14.08x-0.017 0.0014 0.0045

a) : Method detection limit, b) :

Limit of quatification, c) :

Guided value suggested by the National Institute of

Environmental Research referring to water criteria of developed countries

molinate 5 7430|313, ESI(-) modeoA= 2,4-D¢}
MCPA, 24E-0]qltt. Source$} desolvation temperature
£ 747} 1507} 350C 0]3lal, desolvation} cone gas(N>)
flow= Z+z} 6002} 50 L/hr, collision gas flow+ 0.15
mL/mino|¢lct. 2k AdEo] tfgl adduct ion FEjet
precursor ion % product ion mass, collision energy
(CE)%} cone voltage(CV), capillary voltage(CP), extractor

voltage, RF lens voltage:= Table 2} 2t}
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Table 4. Accuracy, precision, and recovery of pesticides.

Pesticide Accuracy (%) Precision (%) Recovery (%)
113.6 6.6 94.1
Aldicarb
96.5 47 106.2
89.4 49 95.9
Carbaryl
100.6 42 94.4
111.8 5.1 101.6
Carbofuran
103.8 6.4 102.7
1125 11.6 96.8
24-D
100.0 49 101.0
102.5 8.3 924
MCPA
100.4 7.0 95.1
90.7 125 94.4
Methomyl
99.0 3.1 90.8
102.9 12.6 105.5
Molinate
99.0 59 105.7
Chi ” 102.3 14.0 95.8
orpyrifos
PY 94.7 8.2 105.6
102.1 134 92.7
Metolachlor
101.5 52 97.3

S 435}o] matrix-matched WREZ A4S 2HA5}
At} Matrix effect7} WHgE HefarAdo]7] wj&

matrixol | S5HEe] o 23} o] Ul o]es} Ao U
AT = e Aol eAE dlad 4 3ok 1
o] 5oke] AAge AR 209965 OOE & 4
A4S HgcKTable 3).
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At} Aldicarb®} carbaryl, carbofuran, methomyl,
metolachlor, molinate®] LCL2 0.001 pg/Lo|li
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o] peak WA OR o] ALlslGl.

S AlRE A7 237} aldicarb= 4¥9] A} A7),
2E HoA AESEA th Aldicarb= 7P o|E A
do| AZAZH opEEFY o2EHZAE dAISte] 542
45 UeaL A5Ae AF5FAA = ARSETh =3 TS
AlE, U, A Sl sigd A AASH] sl BEY
oM AME Hrf SHAIRE AR ol A= A B 50l
A8 ob E2olc), wehA aldicarb® o] &3t SokAA7H
AREEIR] R Sl Aow Y] wize] AR 2 X
& TAY B ARoA AEEA 2otk

Carbaryl> 9] 7HlAl HFAZ =R, oY, |,
&, A, Ang, AAEE SollA 100 oFo] He 255F
WAl ANET. 7R, 7he 9 o= A7 ES A
SAE AREE AL AAlEE FAAY JNEY] ESARE o8
ok Eot EFNY} 71 FEE 7] Ao ARE7| = 7
th. Carbaryl2 2% 13, 12} A]7] djzdqA 0.0028 u
g/L7F AEHE B 1 5 ojugt Ao HEHA &
gtk Carbaryle] =¢] 7)1 0.23 pg/L& 7|02 olE
Zeh= AFS 4419 A A7) BE QUi Carbaryl 9]
T E01°H24/488 kg, woFAE, 2013)2 HA AFA<
0.042%0] EF}stELE AREEFo] =53] Aol £ F HE W=
7 RE A0 ALREQICh

Carbofuran-& N-|27ah| 0| E SlotE% 3=
glopA] 285 sk 7319 M AR Aotk IR
SAZ FAL Aol FHfstA WIws] AREEIL QL
M8 FEARE ol 8EL vk EIF S HIEE
Ao, AF Ax AR, AR, G, 24F 5 24 6
& WA flsto] AREEAL Qie AL A3 23 A7) B
FHE ALt Bs AHoA HEE HE RlErt i =
= ¥ 4 ok 12 A7]e] carbofuran®] FEE
0.0063-1.3371 ug/L, B« A& sE+= 0.1786 ug/Loil,
22}o] 0.0053-0.3469 ug/L, B+t 5= 0.0652 ug/L, 3%}
0.0035-0.1272 ug/L, B % 00232 pg/Lojm 4=
0.0080-0.2734 ug/L, 0.0534 pg/Loltt. =4 F 529 W
slof glojA Folgt HE AFRolA sHRrE WHdsSE Wot
Ae s WS 4= Slglen FAad S7¢el $4K0.1129
ng/L)FE A Ok 4F2%(0.1286 ug/L)7HA] BlaA
2 5ol SATE AL B U AV SRR SRIEE 1
UHIHO] 2 BE(03516 ug/L)e] YHE UG AOE of
SEcE of2jdt 2 14 A7) AlRA FE2RL, &
3 590 17 AVl9 HaswEsl o2 Aple swmc
2.7-7.79o &3t} o]= carbofurano] $~EZoA HUj7|
Aot R, §24, 35 U o)4] W 55 Habrlel 2ol
kg0 2 5690] ALg 27]0]7] wjEo|i(Crop protectant
manual, 2015), AA| 57}o| A carbofurano] o] &2 H]
wl8) ALgElo] sHHo 2 elEy, s ogde] 2 2l
= A2 4= YSIth E3F carbofuran U] 915wt
2] WAIE sl ARgol 37HE Q7] wiZell Abglo]l W2 A
A AEE AR AEQok 2y carbofurang] =¢]
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s

71291 5.0 pg/L (UeE, NS 7ISC2 s o ol =
Tk A HAEA] glth 13kl A] 42471A] =5 A
72 =5 YR WIS W dAE Ade HE
d, amhEe] w2 Y FEE Hith 20139
carbofuran®| % &3S 9,921,767 kgl 2(HekolR,
2013) AA| A5AY 17%5 AL g w2 o] AMH
e, Aest Auold B % 9lo] carbofuran 52
A 10971 A%H 0z A0 2Rk A o 4 it
i W A 57 QI EX) ol BT ok Age
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& AxoHA] e A AZRAZMA =olut 2] &) FY
25 AAT7] 7t AlzA0laL oA = B ddAy
Fz WAE HHoR ANSSH=E Agtslal Itk Crop
protectant manual, 2015). 3P A|RA 2,4-D Agx
AE R A3 12} A7) B ke] 0.0461 ug/L HE
wlom 22 Al7l= 2271 AR S 970 AFelA 0.0228-
0.0948 pg/L, B %= 0.0372 pg/Lol AZEo| 40.9%
HEEQUE v 3%}, 43} Al7l= ol AYel= HEEA
Ao ol A Aib= 24-DO| ofA|9] AN Al7]9F Y
A= AR Hlrh AERTA 23] A4(2015)4 24-D
O] ARE A7)= B9 faEYe] £ fiE 5847 °
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SotS AA =AEA EoFFY 0.27%EH (AR,
2013) 2L ARgFo] wlmjstal ot ¢ Axke} o] 24-D oFA|
o] Ag E W AR 2719} Bgelly] el eAte]
B Rxske Gabd, AR ACA HEE AeR wiE
ek EI A A9, 5109 FeF YF Al =EofA
24-D7} 247+ 6.8-12.81}F 3.55-24.0 ug/Lo] A=H A A
gl(Park et al, 2010)9} o] FoFa ARERl ¢4 =&
Wi Q2 5P vl eddo] d 7hsAdol =2 AR
e QlTh

MCPAE 24-D9} 7+ Z22H&EAA| A2A 2K T
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gF A Aol HiEel 2,4-Do} &E] MCPAE B 9of &
], Al Hiel BlEo] vl AR A% ARg-o] )71 sofo]
11, 20139 MCPA A|&9] &3 %= 24-DR} oF 6o &
Sh= 299,958 kgolAth(EeFd R, 2013). MCPAS] 24 &
Tl =REEE WA SlsiA oY 30, 1 9 &
AzAZN= Iz S %27]0|%3(Crop protectant
manual, 2015), 28|22 MCPAS] 8 AME A7 549
A 799 Aolt. olejg AHg Al7leh R MCPAL: 1
2} Al7]e] 0.0123-0.0203 ug/Lo =R, I Bk
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0.0171 pg/LE HolH 36.4%% A& W=E B3 o=
GAPL FiolAEE shRol o|27|71A] AZE T 244
+ 0.0111-0.4461 ug/LQ—] Hel, Hd =% 0.0505 ug/LE
Btk £3] 2%}, FEHL 04461 ug/LE £ AREES
BN A7 59 ALfet QAP tiRE fdddA dE
=] olek SRAEE 33, 43} ofugt Ao E HEEA] ¢k
o} of= 32ke}t 42} AF A17131 983} 1090ll= A=A HHA|
7F SEAsHAY anlgfo] ashy| WiEd Ao AR
MCPAS] 59| 7]%2 2.0 ug/L(AEs, UEHD)S 7%
O 7 ol Zish= A WA Yot

Methomyl-2 7iHlHo|E AEe] ASAE 19660 7
wo] Qzte]l theh Zet EA4 wiite] 2012 ol A v
Ao, 12} Al7]of| 4704 0.0048 pg/L7F HEE
a1, 270l It} AP A Z+2E 0.0047, 0.0044 1
g/L, 3aoll= BAE, 4xol= H5dat g7, oA
7}7} 0.0046, 0.0257, 0.0050 ug/L7t AZE ik ojejgt 2
s Sl stlAE AR FXE weke] BHACR AR
=3 Qloks As o 4 S HAkE AAREE 913 X434
olHA] FrESH W& A=t A o 4 Sict ARt
methomyl®] =¢] 7|21 0.08 ug/L (X&E, HEHE)S
71502 e f o]F 2Apeh= AH WAEA Fokth

Molinate= 7HatH|o]EA| A 2A2H =%t% BAE ¢
off 2 AREEQ O AfjollA] AT B Z5F FAE o]
ot 28y 13 A7) A 0.0190 nug/L7t &=
1 9] W AR} 177, 22} 1571, 32} 1271, 42} 1370)9]]
A HIE AR ntol A gt HESHA oo g EAEQlTh
Molinate= A\ 207} 2|44 0 &2 ARGE|ofgko L} A gH/d

Az WA W SR04, FH AR R fuY UeloR
EATH FHHFIRIA 20089 7952 A4 9 &5
g A3 FAZNE D3ieh oHIE A9 7l Azt
dolgle] BAoE 4% AgHET U A0 BHHHE
ssoke] bzl Abgol te Mok 434 A5t 2ad
Aole.

Chlorpyrifos= 254 B 21=7] F5A1= ] ARH L
71907 shekaolth Ad=AE=d2 WAt
R4, AAAEAIHE Abgo] 9tk Chlorpyrifos
S TpUSOL A ase] 229l But ohujeh shaleh At
M, &4 A% 5 shsS BAsk] flstol 39
7| 220]a1 It Crop protectant manual, 2015). 20134
F E°I¥E 2,194,618 kg o 2(FFAH, 2013) & A5
A2l 3.8%& AHAIBIAL Qltt. oA TRt Aol AREE AL
glot WAl FAlne] SR W] ulola A
Chlorpyrifosi= 12+ A]7] 2|4 defA] 0.0559 ng/LE A9
g UmA| Al7lolA= He HEel HA ekt
Metolachlor+= oMH|Eoldato| =4 9] So|dd A=A
ZA fz A A ANgshs B AR E AlzAlelal o
WASHT 2 W on Bzl it Aza) ook
Metolachlor?] Z&3}2k> 4,011,816 kgoZ(FoFdH,
2013) ZA| EAI2A] E3FF 34%E AL =R B

4

o
oo
rsr

oN rlr 1o o
o>
i)

N R

o

o,

I Dk

I
d

1

o] ARGE|AL Qlrt. vhekst ARl do] FxE AlAst
7] fIsto] 2olal, ERF WA RA = =FP9 FEE AASH
7] YA E 0]al QIti(Crop protectant manual, 2015).
Metolachlor+= 1%} A]7] 0.0089-0.2833 ng/Le| F==
# F% 00709 pg/L, 23] 0.0137-0.3166 ug/L, B
%5 00607 ug/L, 33}ol= 0.0079-0.0629 ug/L, Bt =
00219 pg/L, 43} 0.0048-0.2447 ug/L, 0.0361
g/Lz ZEHo] 4dlo] 2R AF3t BE sPpoA HEH
itk Metolachlor®] =4 g4 P E HEE 93 7%
2 02 ug/LQl ¥ sfuchs ©eeolAd 7.8 pg/L
(Canadian Council of Ministers of the Environment,
2015)0|8 %, HIE & FE2HN 12FA]7] tH%(0.2483 u
g/L)x} 11ekl(0.2833 ug/L), 22HA17] $E%(0.3166 1
g/1), 43}A17] LILH02447 ug/1) So] AZEUL =
Qo] 7zrrt £71E st i e Ao@ Hop o
AP 8l AR Aol S metolachlor?] 5k 0]
Selale s ohd Aow weEch

2 o

P AR AHE FHCE T 227 AHlA 4
3o A4 ‘zKaldicarb, carbaryl, carbofuran, chlorpyrifos,
2,4-D, MCPA, methomyl, metolachlor, molinate)2] 4!
H2AS skt SHe AlRelA] Bokg FET] 913
Qasis HLB 7[IEZ A& AME-5}911 LC/ MS/MSE o]
o] A5t Al¥WS matrix-matched WHES4
A S, A, A8, AUk, IoaE 5
e s stk 4 StEe WAl =
o] e aeldolA Ajtel= GV/10e RwHEs)
RE S| ATAS(A)E 09965 0.9999=H A4l
o =9ty AErel AUw 7k7F 89.4-113.6%%F 3.1-
14.0%2H wi¢ gosks o 5 dslen Hdt IpES
90.8-106.2%=2 tj-$- o35}t AldicarbE A <3t mE
o] &5 %11, E3] carbofuran®} metolachlor® A&
w0} WEs} gk o|So] Fuslst 4 Wl e
we ALg ol 7]0lg 2102 FerE|gick. 24D MCPAL
1(59), 22H74) AlEoAMRE AEEHE=T o= F 599
AR A7)9F AR5kt Methomyl® molinate= AR &
AE sorolflony AR AYoA HAEEHUL o= F FoF
o] EHAor AREHUAY HA AREEH AR 74,
Aol FAHE o] AF7HA] §EHol AEHUS AL
B ey Gt 2 AT A9 B2 g AR
A Fofo] HEEH AL T Yelo] FsBE 5 Y ARl
ghal ©gd 4= glod, gabdm A A 3y E
4k

i)
ol

0 ng

o o
o b dm

rln

=
e
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o 22712 Aol HAE aPEYT, oF 913 kB
& gYas) Ane] FAn Ee AT o] Bag Ao
= Tl
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