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Development of Analytical Method and Monitoring of
Organophosphorus Pesticides in the Raw Water and Clean Water
by Liquid Chromatography-Tandem Mass Spectrometry
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Abstract

The analytical method for 16 organophosphorus pesticides was developed in this study. The 16 organophosphorus
pesticides were analyzed by liquid chromatography-tandem mass spectrometry (LC/MS/MS) using on-line solid phase
extraction (on-line SPE) with PLRP- S cartridge. Analysis of all analytes in the MS/MS was processed in the electrospray

ioni-zation (ESI) positive mode. They are Azinphos ethyl, Chlorfenvinphos, Ethion, Famphur,

Phosmet, Phosphamidon,

Terbufos, Aspon, Chlorpyrifos-methyl, Crotoxyphos, Dichlofenthi-on, Dicrotophos, Fonofos, Thionazin, Dimethoate and
Iprobenfos. Limits of detection (LODs) and Limits of quantification(LOQs) were obtained as 0.8~2.0 ng/L and 2.6~6.4 ng/L,
respectively. All compounds were not detected at the 8 sampling points of the raw water and clean water.

Key words : Organophosphorus pesticides, Liquid chromatography-tandem mass spectrometry, On-line solid phase extraction,

Electrospray ionization, Azinphos ethyl
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1827(12.7%), A=A 1,2377(86.4%) 05 B E|o]
glom], WA oRe 1992WHE FE2 518514 o
11 )tiRural Development Administation(Nongjajae
Management Division), 2012). T3t =] ‘goFe] 5
H SEESS AuEY AR 55871(34.5%), AA
46874(28.9%), THA| S474(3.3%), A2A| 47871(29.6%),
A 5074(3.1%), 718 97(0.6%) = E3£=]0] Q)
THRural Development Administration(Pesticide Regis
-tration Search Service), 2014). wghx] o]2Jgt ok
S AEFE YR AREShe Aol d9d =
R Aol W) BB 428712 3 FoRIRoR §
71AIY] Holopl, wetele, HUEREZS] 3719}
7RO EAQ] 7R 17117} 217 o] Qe oA
o] %50 RO RE §71310] glon] ofslel, Ttele,
HEHE, tho|opi=, HEoo]E7} A3k

A ARG Sl ok o 7K B BRL
71A ool 1930t =49 Fret] 5ol 712
Al) AFEIE 2 WHth $71204 ok ot
Aoz 150 Aol 2gshe AR A A A
A 2H[RFe] 37%F Arstal 9o, THR/do] Aar
Aol A 2 ZaliElo] viEE= v B4 s A
319 50%7 371907 ‘FFe R Ik A9l WhE Ef{-E
ol tht F/d=3S vl =k ol A W AR
A B0 o2 Balsh adol eish) 2
oto] ARAGA Al o ERI0] FaliEA] kL
Al o] 2)4:219) 417485 2107)7] joleSim
et al,, 2000). §71217) J5ofol] X440 wE] 7]
A =0 =2 QIFH 7|59, 71HA] #RlsH, T, v
= W, Fe, A9 59 S4o] Uehd 4 gk 14t
of &g 87]e1A ‘sF=(Crotoxyphos, Dichlorvos,
Famphur, Diazinon, Fonofos, Malathion, Phorate 5)
o] Wi, ulE=AITIE, AR Bae) 9IS 5
771 Ao 2 B EQithLee, 2011).

FH, Alm8] MRsordEs AEsh] leiMe
71A] A2 utE 12 3)(Gas Chromatography, GC), 1L
A5l AZulE Jef|T)(High Performance Liquid
Chromatography, HPLC), ZlZF2A¥H(Mass Spectro
-metry, MS), GC/MS(Gas Chromatography/Mass Spect
-rometry), LC/MS(Liquid Chromatography/Mass Spect
-rometry) ‘59| Aol = AR AL glom e

3% - ol - Hge

H(LLE : Liquid-Liquid Extraction)
(SPE : Solid Phase Extraction) 5|
A RS -7l w5st0] AR o]
FTA7E] IS AR = Sl ol 2l
Aol w5 St ARto] A A=

AJsl7] oIt s Vs Qoke T WS =95
Zasir). E3F HAA] ARESh= Bl Qlste] &

O] 27k 44 3H S0l FRke 7R 5= qlof o]
ot HHES 7S] fIRt Wikke® ofg] 7|wE0l
7= Qick AR ] WSl AV vl
(SPME : Solid Phase Micro Extraction), T 5A] A1
ZZJAH(QUECKERS : Quick, Easy, Cheap, Effective,
Rugged and Safe), On-line SPE %]} A%}st Direct
injection®, A& 5=0] {l+= Direct injectiont 5]
7akzlo] Bajo $-8%a1 gtk GC/MS/MS, LC/MS/
MS, GC/HRMS(Gas Chromatography /High Resolution
Mass Spectrometry), Orbitrap MS 59 247 |aE5%
A7PgRIdellE Etetal AREA7]9) IR QIgt
o AFARN 2 e whol] 2ol wol A
|EAL Sk webA o5 VeES S8R ARIES A
X chea} 2tk LLE-GC/ MS/MSE- 0]-85t Sinha
(2010)2} Sinha et al.(2011a)-2 SHA|ZOJA] triazofosS
HX5}0] LOD(Limit of detection) 0.351 ng/mL3} LOQ
(Limit of quantification) 1.17 ng/mL 2] E-A5H-& 7lls}
o HRA|ROA FoR 115-% #4510 LOD 0.1
ng/kg?] A= AQIckar B sk Direct injection-
LC/MS/MSE 3-8t A2 Laura et al.(2008)0] &
AlE(100 pL)oflA 3159 FofFel tiste] LOD7L
15 ng/Lo|gel XML H 11514 9™ Thorsten et al.
(2013)%= 317K X|324p0} A|5}=2] 150 52 240
A1 LODZ} 0.01~0.1 pg/Lol 235 ¥t} Lutz and
Kerstin(2008)+= H+= Eoj|4] Direct injection-LC/MS
/IMS= 300F2] §2F+5 1.0 uL 7k#] A=e2]dsl=t]|
Aaatelck. Choi2012)= A& 1 mLo| thale] On-
line SPE #x]¢} Z3loF Direct injection-UPLC/
Orbitrap MSE 28510 EgjolRlA| 52F 9ol thsf
0.5~2.4 pg/mL 2] LODS} 1.8~7.4 pg/mL o] LOQE 1t
35191t} Sinha et al.(2012)-2 T}IA]ZojA] QUEChERS
-LC/MS/MSZE 18%9] =zokS EA5}0] 0.002~0.087
ng/g2 LODE 43Itk R 31513t} Anagnostopoulos
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and Miliadis(2013)= 222 @ U3} 2HA|R9] 32
2% zokELAo]] QUEChERSE o835} GC/MS/MS2}
LC/MS/MS 2 2493 A3t LOQ7F 10 ng/kg?l 241
< B 7519t} Sinha et al.(2011b)S BB A 22 &
AHERAR] T LC/MS/MSE o|-85to] 852] 117114
3soke] B ZpSIgE] LODS} LOQ7F 22t

4.9~51 ng/L, 16.5~171 ng/LE ¥%{c}. Choi and Kim
(2010, 2011) A1E3} SPEQ} GC/HRMS S 2-8510]
1 Le] 4=aA|R0lA £7191) 52k 1650] thaf 2.2~11
ng/Le] LODE Aelion] 45 vjglazol=r)
oF 8%0] talA= 0.90~7.45 ng/L2e] LODE X113}
Ak

whepA] 2 A= 9] 24 E SollA On-line SPE
Z2|Q} A%lst Direct injection-LC/MS/MSE %85}
o] 163:9] 71017 ool thet HARA S Hsta
A - oM AEAE BUERSH] e 2 A
O PABEE R VAl E R RS 5o s
ek

2. AEiNE Y g
21, BESE U At

H

X574 % 14%(Azinphos ethyl, Chlorfenvinphos,
Ethion, Famphur, Phosmet, Phosphamidon, Terbufos,
Aspon, Chlorpyrifos-methyl, Crotoxyphos, Dichlofen
-thion, Dicrotophos, Fonofos, Thionazin)-> Accustan
-dards(New Haven, CT, USA)ojA 21502 £
F Z3EEHY(0.2 mg/mL in Hexane)& 75k

11, Dimethoate2} Iprobenfos+= Accustandards(New
Haven, CT, USA)*J|A 22} 100 pg/mL2} 1,000 pg/mL
(in Methanol)ys=5 1¢I5} ARSI 2480
= HPLCH2] Methanol®} Acetonitrile2 Merck A&
(Sigma Aldrich Chemical Co. USA)°|ith 5 M
Ammonium formate?} Formic acid:= SupelcoA}
(Bellefonte, PA, USA)oA FYUstHon goles
(Merck Milli-Q, Integral S)E S5t ARSI =
= 3554 oyt 35890, spiking 89, EHA =S
4T W wslol A1

A A - Aol A MU 1571

2.2, MeA7| R Rl
A1g 9lrol A AlRESL 20144 69, 119, 12
ol 12+ 1314 F 33] Apsigion Z12F 1 LA 24
O‘j/]‘ﬂ‘)ﬂ Hopx] W SHISIGIT: s Ao o8
U] AEEL JAAAE $lste] 0.20 gm FEHQ]
OV](MﬂhPOfe)‘é o-g5to] AAIpAFITE K A A=
S R HE AASE | sl £48E7] Aol Alm 1L
F OIBFARFEE(Na,S03, Sodium sulfite) 60 mge &
7Fskick

2.3, 7|7|2MaH4

UHPLC #4482 1260 Infinity ALS sampler2} 1290
Infinity Bin binary pump”} AZFEo] Q= 1290
Infinity HPLC system (Agilent)ollA AASIITE A&
Z=]2]of] A8 On-line SPE Cartridge+=PLRP-S 2.1
mm i.d. x 12.5 mm, 15~20 zm (Agilent)©]c}. Chromato
-graphy+= 3719] LCZY ZAo||A &2452] abandance
k= vlaste] LCAHS A5ttt o5/ Ammo
-nium formate, Formic acid, Acetonitrile, Methanol-2
olgsiglon] 4714 2slolN e, AR 58 ula
alsick

MS/MS #H|+= 6490 Triple Quadrupole Mass
Spectrometer (Agilent)7} AMEEIITE HA multiple
reaction monitoringMRM) H-ES ARESE| 93]
Precursor ion} Product ionS 5153t} 7 B35S

R 20l3}] 915ko] MRM transiions & 425
BAS0] Uehtes Adsig. ik Base)

precursor ion2 EFEA0] ExJof| [H] o]io] AslE]
[M+H]" ] Fth& LEpgA|TE Crotoxyphos-&- 015412
Ammonium formate(NHsCOOH)®J|A] 7]213} [NH4']
o]} Crotoxyphos7} ZA%FE [M+NH,]'e] Ex=F
(m/z 332)°2.& YJepRith T35 Product ion?] Collision
energy = 2|43} =5 AASISIh ojw] MRMojlA{ 2]
dwell time2 20 ms%ith. 3HA Z&ske] MRM2: 7|5
o2 spo] EAHHHS dynamic multiple reaction
monitoring(DMRM) =02 HEA|Z . DMRM-&
MRM3I} 2] transitionof] o3t dwell time2 =3 4]
o= A ¢ g =S =Y o e ARl 3l
t}. 2 AskE] MRMoj|A] SE8 4 retention time (RT)S
DMRM =0 A E2Fo] 2T dwell time2 A5
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Table 1. Properties of compounds used in this study

Compound CAS Num. M&;Cglﬁ? d (Sj?ri?ulfril Molecular Formula Log Kow"
Azinphos-ethyl 2642-71-9 345.38 C12Hi6N3O3PS; 34
Chlorfenvinphos 470-90-6 359.57 Ci2H14CL304P 3.81
II‘C.\\/,'.‘\‘...‘J N \ Ot
Ethion 563-12-2 384.48 FER AR CoH204P,S4 5.07
a A\
H,C CH
Famphur 52-85-7 32534 C]oH]éNOsPSz 223
Phosmet 732-11-6 317.32 Ci11Hi2NO4PS; 2.78
Phosphamidon 13171-21-6 299.69 CioH1oCINOsP 0.79
- CH
nooS
Ss—pP—uo
Terbufos 13071-79-9 288.43 we. F— n':W CoH,,0,PS3 4.48
H;?< s CH
Aspon 3244-90-4 378.43 C[szxOstSz 5.94
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Table 1. Continued

CAS Num. Molecular Chemical

Compound Weight Structure Molecular Formula Log Kow
s cH
H o
<l o — li‘ — O
Chlorpyrifos-methyl 5598-13-0 322.53 \_ T C;H;CI:NO;PS 431
P,
Crotoxyphos 7700-17-6 314.27 Ci4H19O6P 33
Dichlofenthion 97-17-6 315.16 f o — ',SD — 0o C|0H13C1203PS 5.14
L N—cn
H3C 9 CHy
~|:H3 o— ||D7 o
Dicrotophos 141-66-2 237.19 _n ° CsHsNOsP -0.49
H3C
\m
H,C s
3 AN H
0O—FP—s5
Fonofos 944-22-9 246.33 ) CioHisOPS; 3.94
HyC
¥ o [
N .
. . —< i
Thionazin 297-97-2 248.24 i X o CsH3N,O;3PS 1.86
HyC 3
3 \ “
0=FP—5 0
Dimethoate 60-51-5 229.26 | CsH2NOsPS, 0.78
/O
H;C Hi— CH,

H,C
Iprobenfos 26087-47-8 288.35 s—pP—d Ci3H2105PS 334
o CH,

CH,

¥ a: http://chem.sis.nlm.nih.gov/chemidplus/chemidlite.jsp
Kow : Hydrophobicity



1574 B7ot - Fuy - A
AR e A ZEITE A MS/MSolA] Ks A=
2E9] 42 DMRMO] electrospray ionization (ESI)
positive modeol|A] 3JaH 0 thHE 279] transitions
o] ARGE| I 2|54 0= DMRM %7155 Table 29
UERHARITE Nebulizer gas+= Nitrogen©]™ Nitrogen
generator(GENIUS2 3010, PEAK Scienific)E ©]-83}
et Collision gas+= AAEH|9] Nitrogen(99.999%)
& AJ431ATE LC/MS/MSS] AM[aH 5412 71.2- Table
3of AAISHT

3. Zih Y nF

3.1, 7I7IRM=A X3t

3.1.1, On-line SPE — Direct injection & ZE
A 1 pgml (1 ppm)9] EAFEZEN 10 LS

Al .
b A

8% - o9 - F2ie)

On-line SPE CartridgeE AA|A| &2 AME|R2 direct
injection 3}¢] LC/MS/MS9] - 8o]HE HES|AL 7+
29 m/z iong) U peak areagrS ER161SIcE 18]t
L}A On-line SPE CartridgeE 12 A]# 0.001 pg/mL
(1 ppb)2] EFEE2N 900 ILE FIAIA AIGES
AFH RSk} o]l SPE Cartridge= PLRP-S¢2™ LC
ZHL- Poroshell 120EC-C18-& A3} Fig. 19|
A] B ule} Zo] On-line SPE Cartridge S S35}
o2 1 ppmof|A4|9] direct injectiondt A2} On-line
SPE #=|2} A3t direct injectiondt 1 ppb2] A=
v W5 CE On-line SPE Cartridge & S31514] &2

ppm] abandanceZS- 7x10° ~ 5x1072] A3 o
7S H9ow On-line SPE Az} Z3ksh direct
injectiondt AE2] 1 ppbollA= EZER 2jo|7} 9]
A2k R 9x10° ~ 13107 0.2 ZHe7} 7] vrepdek

Table 2. Dynamic Multiple Reaction Monitoring(DMRM) conditions for each of the compounds tested

Compound (ii]r;) dz;airiT Preic;lrsor Product ion(P,/P2) COIET;EIZI (eg;ergy ESI mode
Azinphos ethyl 7.60 1.0 346.1 77.1°/97.0 48/44 Positive
Chlorfenvinphos 7.68 1.0 3589 155.0°/99.2 8/28 Positive
Ethion 8.54 1.0 385.0 199.1°/96.9 4/50 Positive
Famphur 7.06 1.16 326.1 217.0°/93.0 16/32 Positive
Phosmet 7.20 1.0 318.0 133.0°/160.0 40/8 Positive
Phosphamidon 5.89 0.9 300.0 127.1°/174.1 20/8 Positive
Terbufos 7.60 1.0 289.1 97.0°/233.0 32/4 Positive
Aspon 8.91 1.0 379.0 115.0°/379.0 36/5 Positive
Chlorpyrifos-methyl 8.09 1.29 3219 125.0°/290.0 20/12 Positive
Crotoxyphos® 7.06 1.12 332.1 105.1°/167.0 12/6 Positive
Dichlofenthion 8.53 1.12 315.1 258.8"/286.9 12/4 Positive
Dicrotophos 4.99 1.09 238.0 112.1°/72.0 8/24 Positive
Fonofos 8.03 1.0 247.0 109.0°/137.0 16/4 Positive
Thionazin 6.96 1.0 249.0 97.0"/193.0 24/8 Positive
Dimethoate 5.55 1.17 230.0 125.0°/198.8 20/4 Positive
Iprobenfos 7.45 1.14 289.1 205.0°/247.1 4/0 Positive

% a: [M+NH,]" used as the precursor ion.
b : Quantitative ion.
% Cycle time : 300 ms.
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Table 3. LC/MS/MS optimized conditions for selected compounds

1575

UPLC Conditions

Column

Column temperature

Sample temperature

Mobile phase

Flow rate

Gradient

Injection volumes

MS/MS Conditions
Mode

Nebulizer

Sheath gas flow
Sheath gas temperature
Capillary(V)

Q1 resolution

Q2 resolution
Fragmentor voltage
Collision energy

Cell Accelerator voltage

DMRM

SPE Cartridge : PLRP-S, 2.1 mm i.d. X 12.5 mm, 15~20 um

LC Column : Poroshell 120EC-C18,
18.3 mm x 50 mm, 2.7 #m

30°C

5°C

A =5 mM Ammonium formate / 0.1% Formic acid in water

B =5 mM Ammonium formate / 0.1% Formic acid
in 95% Acetonitrile / 5% water

0.4 mL/min

Min %B
0 5

2.6 5

7.6 95

9.1 95

9.2 5

13.0 5

Stop time : 16 minutes
Post time : off

900 xL

Positive ESI
40 psi

12 L/min
380 °C
4,000 V
Unit

Unit

380V

0~48 V

5V

Optimal conditions for each pesticide are summarized in Table 2
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Fig. 1. Injection of 10 pL standard mixture at 1 gg/mL for direct injection (black) - 10 ng on column and 900 pL of a
standard mixture at 0.001 gg/mL by On-line SPE - direct injection (blue) - 0.9 ng on column. (a) Famphur, (b)

Chlorpyrifos-methyl.

w2bA] Fig. 12] Chromatogramojlx] Hi= u}e} 7o)
1ppb2] 900 uL FAFHE wf 1 ppm] 10 uL F=Y(AA)|
TU%F = 10 ng) ojn] AA| FYF oF 1/10 A== 2]

Z|9F 1 ppm abandanceg}t2] oF 8~37% = ¥t ATk
& 19 o abandanceZFE A 9x10° 2 UER) uh
b4l On-line SPE #x|2} AgFSH direct injection-
LC/MS/MS 110 2 Hajo] 71532 Blolalglon] A]
=] TS 900 uL= Ak

3.1_2. LC 94E-| _E_A-It”—)
29| LC§ AS 2] 9I1] 374 FR9] 23
o7 BXAEZE9] gbandanceZ}S |5t AHy}
flow rate AL S} Zth (1) flow rate 0.4
mL/min®j|A] Por-oshell 120EC-C18, 18.3 mm i.d. x
50 mm, Particle size 2.7 ym (Agilent), (2) flow rate
0.3 mL/minoj|4] ZOBAX Eclipse C18, 2.1 mm i.d. x
50 mm, Particle size 1.8 ym (Agilent), (3) flow rate
0.4 mL/minoj|4x] ZOBAX Extend C18, 2.1 mm i.d. x
100 mm, Particle size 3.5 pm (Agilent)o|t}. SPE
Cartridge:=PLRP-S©|t}. 0] 54}2] Solvent A+=Table
39] A1} 770 solvent B= 100% AcetonitrileS:
ARSI AR s+ 1 pg/mL (Ippm)o|m Q)%
< 10 pLofo}. EAARES ©5A1717] 91810 On-line
SPE CartridgeS AA|A| ¢ direct injection B
A8 Fig. 20J)4] H= e} 7o) Poroshell 120EC
-C189] abandanceZ}to]| 74 oF& 514 LERITE ZOBAX

Eclipse C182} ZOBAX Extend C18+= Fig. 20]|4 A|
Algt E2E= Poroshell 120EC-C183} abandancedt
S vue o FHHoR ZHF 98%(49~112%)2F
81%(54~131%)0]] ol 7S BKIst 4= QI3ic. 1}
2hx] A7 4818 Poroshell 120EC-C18 2 A5}k
3.1.3. LC O|z4te| 2Mz z|Xst

HA] flow rate2 0.4 mL/min, SPE Cartridge=
PLRP-So]™ Poroshell 120EC-C18 AT ZZofA] o]
ZA19] Solvent A(5 mM Ammonium formate + 0.1%
Formic acid in water)2] 2742 551 3} solvent
BE 37M ThE 2710% Alwslo] ges lmsieck
Z 371 ZAE (a) 100% Methanol, (b) 100%
Acetonitrile, (¢) 50% Methanol + 50% Acetonitrile
olct. ojuf Al 5= 1 ppbol™ U 900 uLo|
t}. E9HL On-line SPE - direct injection® 2 3}
&t (2)2] 100% Methanol H-$-= (b)2} (¢)2] 49l
|8} peak 2|7} H&5HA| o]_rcﬂx]x] ke peak
LLofo] vlp-broadgt FERE W ek WA (b)2}(c) 4] A
Hof| A= peak 2|7} o9~ L5k O peak KLY
sharpa}A] YERITE Fig. 39 235 AR 100%
Methanol®| 7-$—= abandanceg}o| 714 =2 AiE
Hk SHATE peak EL%Fo] broadslA| LERAAL peak
2e7F AR o Foix[R] GFopa] gufzdof A HiAlst
At (b)2} (€)2] 7-$—+= abandancef}o] 105 HE=24

248 F Ao et e U BUES )
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1.0E407 +
® Poroshell 120EC-C18

ZOBAXEclipse C18  m ZOBAX Extend C18

BOE+06 |

6.0E+06

4 0E+06

2.0E406 17

0.0E+00 T T T
Azinphos-ethyl Famphur Phosmet

Terbufos Chlarpyrifos-methyl

T T T T
Dichlofenthion Fonofas

Fig. 2. Sensitivity Comparison of the three LC columns.

W=l ()] B97E (o)l Bl oF 1.6ul =
abandanceZ}2 18 4= 9)9ictk wlEhA] Solvent A=
5 mM Ammonium formate, 0.1% Formic acid, water
o] solvent B+= 100% Acetonitrile2 o]5AF] =4
& ik sl ofele Gujzdo] A HlaEs
3 AT RT/ 528 Ay B850l AjRgo] sl

Zot AkE YERGTE(10 ng/L, 53] WHE, rsd=1.9~
40.0%). oF}= solvent gradient ¥} 3 solvent B
(100% Acetonitrile)7} 95% B ThAol|A] pH %
A Fo] AdshA] Fsto] Uehd Al Alow g%
t}. 182 & solvent B2 7L 5 mM Ammonium
formate + 0.1% Formic acid in 95% Acetonitrile/5%

6.0E+06 A

4.0E+06

2.0E406 1

0.0E+00 T T T

Famphur Phosmet Dimethoate

© MeOH(50%)+ACN(50%) = MeOH[100%)

Terbufos Chlorpyrifos-methyl Dichlofenthion Fonofos

ACN(100%)  m ACN(95%)+Water(5%)

Fig. 3. Sensitivity Comparison of the (a) 100% Methanol, (b) 100% Acetonitrile, (c) 50% Methanol + 50% Acetonitrile
and (d) 5 mM Ammonium formate + 0.1% Formic acid in 95% Acetonitrile/5% water.
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water= ThA] 7S] A&y AARE & Aat 7idE
AiRES 2RI 4= AATKH10 ng/L, 53] WHE, rsd=
0.9~9.3%). ESF Fig. 394 Hi= ule} o] 100%
Acetonitrilex} $H5-8o8-& F7131 (d) ol 2] &
Kz Ao visisick. nfeb 2 solvent BY| &
22 gagolo] F71E (d) o154 ZACR oIS
11 Table 3¢ Solvent gradient 2712 AASHA] LFERY
QJct. old] flow rate 0.4 mL/min, column temperature
30 °C, sample temperature 5 °CE--3-A|5}$1 1L injection
volume-2-900 pLo]c} EAA7ES 16 20]c)

3.2, Aol st REd HIt

321, A =y

ZAEE 1650] djslo] FEE (external stan
-dard method) 02 HaFAL ZHAJSIYCE %71 2.0
mg/mL QI 3FYNS Tho| 2= S]Alsto] HAPTA 2
AL F59M8-1.0, 5.0, 10.0, 50.0, 100.0, 200.0, 500.0
ng/LO] FE 2 A|FsGie) Hollpoli HAEZE S|
AEHA e 2E RIS 771 pointo] HigAle
FAG(r2)710.9973~0.9999 = A4 o] A Lkt
o} AR L8~ Table 40]] AA[EIGATE E3F 22140 &
16%2] TIC(total ion chromatogram)=- Fig. 4¢f L}E}
WA
2.2, AEstAIt HEstA|
AR o] HERHA|I HRERHAIE Bl f1ste]
HGNS Hol2apo] 3|48t =n]e F5=(10 ng/L)
O] FFAREE A X3 AlRE FEFAIEE LCOMS

Dicrotophos

Dimethoate

Phosphamidon

Famphur
Crotoxyphos
Thionazin

Phosmet

d

IMS EAZE o]§sle] 73] Wk A5t 7719] &
kS YL o5 Sk EFHAE o83l A=
FHA(LOD)e} ARIA(LOQIE F5l3ich AZTHA
(LOD)+= 573410 st Alo] 3.145 #5to] ARE313L
o FRIA(LOQ)+= FE=HAR] 10uHof| sfgsh= 4k
O 7 oI}, Table 40j|4] K= Hle} Zro] 4lZ]5Egk
99% ol HETA(LOD)= 0.8~2.0 ng/LA2H,
AFA(LOQ)= 2.6~6.4 ng/LATE AU E= AT
ZHx}(Relative Standard Dev-iation : RSD)Z 2.2~
6.2% HLE H AT} S AFFERC] Choi(2012)= A
& 1 mLoj th3lo] On-line SPE #%]2} 2315t Direct
injection-UPLC-Orbitrap MSE Z-835}o] Eg]o}RlA|
5OF 90 i3l 0.5~2.4 pg/mLe] LODL} 1.8~7.4
pg/mL 2] LOQE H3ts3l=t] & dtelil= 771204
FoRT 16500 thsll EA413AIE LODSF LOQY| Ak=
B|2=517 LFERT). T8} Choi and Kim(2010)2- 21E
2} SPEQ} GC/HRMSE A8510d 1 L] =EA|5oA
F71Q0A “&2F 1650 thsf 2.2~11 ng/Le] LODE #|
A8+t Terbufos®} Iprobenfos®] 73-¢- Choi and
Kim(2010)2 LOD7} 212} 6.5 ng/L2} 7.0 ng/Lo]iy
2 Aol A= AlERF 900 ulof| thal Table 42} ko] 7}
7}5.9 ng/L9}2.6 ng/L O] ATE Kol KO AZTRS A
SSFRAE Vit Anke Uehhgic) oy B e
e A2 AlmRRe ARSPHA R LCoA AR loop
of oJgt YAt Hul A} Flexible cubeo] I3t
On-line SPE Cartridge AFg-© 2 ZA|2] A7 = U
AlRo] YRt TS FARe =M AR St

B
i

Iprobenfos

Terbufos
Azinphos-ethyl
Chlorfenvinphos
Dichlofenthion
Fonofos Ethion

Chlorpyrifos-methyl
Aspon

/\ N AN /\

Fig. 4. LC/MS/MS total ion chromatogram of 16 pesticides at highest standard level 500 ng/L and retention times are

shown in Table 3.
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Table 4. Analytical parameters of 16 pesticide compounds in the study

Correction coefficient

Compound LOD(ng/L) LOQ(ng/L) RSD(%) Linear range(ng/L) (rz)

Azinphos-ethyl 1.0 3.1 33 1-500 0.9998
Chlorfenvinphos 1.3 4.1 3.6 1-500 0.9998
Ethion 1.4 4.6 3.0 1-500 0.9995
Famphur 1.7 5.4 4.1 1-500 0.9996
Phosmet 2.0 6.4 6.2 1-500 0.9994
Phosphamidon 0.9 2.9 2.3 1-500 0.9993
Terbufos 1.8 59 44 1-500 0.9999
Aspon 1.2 3.7 3.7 1-500 0.9987
Chlorpyrifos-methyl 1.2 3.7 23 1-500 0.9973
Crotoxyphos® 1.7 5.6 4.8 1-500 0.9999
Dichlofenthion 1.6 5.1 4.0 1-500 0.9995
Dicrotophos 1.1 3.6 3.7 1-500 0.9997
Fonofos 1.6 5.2 39 1-500 0.9975
Thionazin 1.8 5.6 5.6 1-500 0.9996
Dimethoate 1.7 5.4 4.8 1-500 0.9986
Irobenfos 0.8 2.6 2.2 1-500 0.9999

ofo] gl Flo] WRE S0 & AL 1
Ak ek et 4= 91

i)

o
2
TR

323, FEz=et ML

= ol skl 2ae) Al=js A2S g8
of Zulee] 710l ok et Ao Mok
(accuracy, % 315=8)9} U =(precision, RSD)E =
ASHIL T AHE Table 5o 20F613it). ofuff ARG
Alstis BP0} be]gioln] 517] 471 50 nglL
I 200 ng/Lo| HEE {704 woF #o8ds
spikinglo] HAEr A|RS ARl ok Al %
of| AL8% AFEE2] blankF}(background concentration)
& BRlet A7 24 gURASS BE BAS0IN,
utebA] Table S|4 Hizo] Gabgaee] 74, getee
50 ng/LOJAE 77.8-95.5%, 200 ng/LOjAl= 78.4~
96.3%%.0H HjE]P2=s 217} 76.4~109.4%(50 ng/L),

78.2~97.1%(200 ng/L) & YR} H%= k535t Aulgke
ook AUes Uehs diEsdal= 0.5~15.7%
2 X Byl 616 USEPA Method 535(2005) 7|
S W% uEsIgck a2 USEPA Method 535
(2005)0f|4 Hehe= ko] + 30% o, AE ==
£ 20% o= 2gEe] ok e s #EEd
= AR ARE AT et A7IskA] g2 A9
EAEE] Aol & A7t E o] AdiEaE SRk
A= WhE A[Hsto] A2 Aks A A=
Pl 2102 2 Alof| A= <145 43] ST Ae] Hat
e FEEALY] e R A5t Ministry of
Environment Notice, 2013). T3} Matrix effects =H
ol 4% Table SoflA] Hzo] el ol 42 % 3=
£} A HJ(RSD)Z 112fel] & uff Matrix 2 Q13 ¥
S A2 o2 ARE T
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Table 5. Accuracy and precision data obtained in 4 replicates in mineral water (50~200 ng/L)

Spiked conc. of tap water”

Spiked conc. of river water”

Compound 50 ng/L 200 ng/L 50 ng/L 200 ng/L
Accuracy Precision Accuracy Precision Accuracy Precision Accuracy Precision
(Yorecovery) —— (RSD) (Vorecovery) (RSD) (Yorecovery) (RSD) (Yorecovery) (RSD)
Azinphos-ethyl 88.2 1.5 92.6 1.5 87.7 43 82.9 5.2
Chlorfenvinphos 87.8 2.5 90.7 1.6 83.1 25 82.8 2.7
Ethion 89.8 9.0 93.6 6.1 81.9 10.4 81.7 15.7
Famphur 95.5 0.9 96.3 2.7 105.1 3.1 97.1 2.1
Phosmet 91.1 1.9 87.1 1.0 76.4 3.8 79.7 2.0
Phosphamidon 86.1 1.2 81.8 2.3 76.9 4.1 78.6 43
Terbufos 87.7 1.0 91.1 4.1 90.7 34 89.0 2.7
Aspon 85.0 10.5 83.9 4.6 91.8 5.3 85.3 34
Chlorpyrifos-methyl 81.4 7.6 80.2 4.7 82.0 3.6 93.0 6.9
Crotoxyphos 88.0 1.4 87.4 1.6 90.5 3.1 87.0 22
Dichlofenthion 90.2 13.1 87.6 11.7 109.4 12.2 86.6 12.5
Dicrotophos 81.9 3.8 80.8 12.0 78.0 4.0 88.1 10.7
Fonofos 77.8 1.6 78.4 53 86.3 5.9 81.8 7.9
Thionazin 93.7 0.5 91.8 3.6 93.6 3.2 83.5 3.8
Dimethoate 77.9 1.8 78.8 8.1 79.3 6.9 78.2 7.6
Iprobenfos 91.4 1.3 93.3 1.3 101.9 3.7 82.9 32

3 a : Chlorinated drinking water from a river water source. TOC=1.31 mg/'L

b : River water. TOC=4.26 mg/L

ok

3.3, EL0| K710 BoUR HEHY T4l
& oM 71907 kel AR FAkA] 4
N gl o - AR 22 470 AellM stk
A AR FEYA F R Bt v
Z¥7y 17 A&7} 3153t W= e] zkz 17) A -o)
o A= o, wAb A, ool o - A
871 A&l sk 20141—% 6%, 114, 12€] 22 134
& 3800l AR A1 Bk 16500l tisl =ARE 2
7} Table 6o]| Ltehct ujo} o] 2AR7|te] BLE 2]

A &R Yehith

71914 5K organophosph-orus pesticides, OPPs)
oﬂ Hfslol 712:9] 9 - oolHe] mUE ool 271
2] wfeleo] Baglol vzt A AR thahd
M 07beo] Y29 BAMS sl B s
ATslo] ReT) e AES Aick
1) 16%2] £7]¢1A] 3s2kzof ti3f On-line SPE &
222} Akt Direct injection-LC/MS/MSE %
gajol 97101 ok 16%2] HARAEL Heaks]
=3
2) A AIAR()7}0.9973~0.9999 2 2 44/4d0]
=7 yehgor oJF g (external standard method)
o7 ZEIFTh AZTEE 99% HeloA HEIH
(LOD):= 0.8~2.0 ng/Lgom, AHA(LOQ)= 2.6~
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Table 6. Monitoring results of 16 pesticide compounds (unit: ng/L)

Sampling points Compounds Ist 2nd 3rd
pungp pou (June) (November) (December)
MJ ND ND ND
clean HM ND ND ND
water DS ND ND ND
BS 16 organophosphorus ND ND ND
HD pesticides ND ND ND
raw MG ND ND ND
water MR ND ND ND
BG ND ND ND
3¢ ND, Not Detected
3% MJ, Myeongjang; HM, Hwamyeong; DS, Deoksan; BS, beomeosa
HD, Hoedong; MG, Mulgeum; MR, Maeri; BG, Beopgi
¥ MJ : pH=6.7~7.1, TOC=1.37~1.71 mg/L, NO3-N=1.1~1.6 mg/L
HM : pH=6.8~7.1, TOC=1.22~1.51 mg/L, NO3-N=1.2~1.7 mg/L
DS :pH=6.7~7.1, TOC=1.17~1.23 mg/L, NO3-N=1.2~1.7 mg/L
BI :pH=6.5~6.7, TOC=0.65~0.91 mg/L, NOs-N=0.2~0.4 mg/L
HD : pH=7.0~7.2, TOC=2.40~3.52 mg/L, NO3-N=1.3~1.4 mg/L
MG : pH=7.7~8.8, TOC=3.21~3.93 mg/L, NO3-N=0.9~2.3 mg/L
MR : pH=7.6~8.8, TOC=3.14~2.73 mg/L, NO3-N=0.9~2.2 mg/L
BG : pH=6.7~7.1, TOC=0.65~0.91 mg/L, NO3-N=0.2~0.3 mg/L
6.4 ng/Lgick sk,

3) £Ao] AR A5 Siolel Heheel AUEs
Al EARERe] 79, MR 50 nglLofAl
77.8~95.5%, 200 ng/Lof|A= 78.4~96.3%% o ufjg]
Y= Z2ZF 76.4~109.4%(50 ng/L), 78.2~97.1%(200
ng/L)= Weht 5 gogh Angks Holrk Jdes
AN EZHRLR 0.5~15.7%5 2 BAH7} S A15HEPA
Method 535 7|24(HBHE = 70~130%, AUE < + 20%)
& BE YESIg,

4) Matrix effects ZHoA = 5o} Lol 429] %
Sl AEA(RSD)S 113 & w] Matrix2 213+
QJape AL Ao el

) 2 A 12 AR A1SS A A loop
of|x1e] UAeF =4 9 Flexible cubeo] 2J5F On-line
SPE Cartridge AR 2 HA]2] A7t d=satl UAJsE A
= 5SS AR = Aelof S2kEE= el 9
SHA| A o] HHE S0l & AT S HY o=
2 AR R AR 7 = olE Zles

L= A ollA 52k 1650] HE%A] Q4T
ujeba] 7] AaE E3el 2 On-line SPE Z1%2]
A2} AgHsl Direct injection-LC/MS/MSHo = =
R
55 B AEARL FaFell sl s eAlelA
O] HE7Fs73S esto] A - Ao 52191 U
gol AAlE]ojop e Zl o2 AlmEch
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