obulea x| A9T A25(2005)
The Korean Journal of Pesticide Science
Vol. 9, No. 2. pp.159~165(2005)

A HEzWF

*

Kl
ok

2. araxt

38L& A9, AARADFAE, '$3
Hamsta st 5

kO

o 2\5 ©
32
o ot
o

>

]

ol Z3Ho] 3l vl AAE
W, EAg BAd 4o 7]& US. EPA
A Ao 108 o)A ZUtEE A}

o)
od

Fd

‘31_

[Ulﬂ

%
r O

9 Z2AAA

M1 £ 28 ax tlo my
I~J o

y o Hz

He, 20059 64 249 Fa)

Ao} 1 AR 2Al, FEA 3, 4P e
N B

WEHQ Y FEFRA 24D 245TE Y EHA
ZlEd 59 vz gEA o, 24D AR
(biodegradation)e] 2] 2,4-dichlorophenol2 ¥ 3dl= A
o2 o4& QchPhilips, 1988). ©]E chlorophenoxy
Fe AzAz 94 AH-H A 2 9(Royal, 1991),

Age AA o8 dateA AT e Foolth
$84 2 WHO 7122 %= 24D7} 30 ppb, MCPA7}
2 ppb IHT 245T7F 9 ppbE FAIE om,
EPAS] MCLE 24-D7} 70 ppbZ, piclorame] 500 ppb
2 A=} dtk B3] chlorophenoxy acid -+ @A)
IARCo|A 2BZo 2 HEFx o] JATrHIARC, 1987). 1
F 24D 19709 =RHR-E 1980dY ZHt7EA] A
virtel A A% 43 F 805709 AR 2
5270¢) NZAM H3 29 ppbE HEHul ok
(Hiebsch, 1988).

Rats AME-¢ 58 A¥Z3 24-DY LDy ghol 7
Zt 4200014 840 ppm(Gorzinski =, 1987), 2,4,5-T7}
300 ppm(NIOSH, 1978) R wolt}. E§ AT Ed
AW BZE A 43 5o $ 342 F9 8
HI F=E JEhdled, A% 78, v, 4
AA A7 Wl TEFE EYTHWHO,
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st AEAZt Hraa
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0| FARMAE

7] A8 A Aede AP gEe) 9y A3
ABE HH@-O_{;_H @ab\i ZHAX
, 1 A2 01 - 10 ppb F= HANAM AAA 099 ol AFHE A& F ANeH, & 4Fd9
Ay gk AT 205 ~ 122 bias %9 AYEE 055 - 2448 %22 Ueigton, Ad47 A&
-6.66 - 0.80 bias %9} YT 1.92 - 1386 %=
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1971; WHO, 1976).

Jee AHBARY FHMl oy 74 oA
2o HPLC (high performance liquid chromatography)
¢HRimmer %, 1996, Wintersteiger 5, 1999) GC/ECD
(electron-capture detector) (Vink$} van der Poll, 1996)&
°l£’~ﬁ¥ 5ol tEH It 349 AR GC

2487 Slske] TolzM e (diazomethanc)o]h
E al HEd XTSI EEANE (trimethylsulfonium
hydroxide) 52 o] &3} methyl §S A 3lste] HE 3}
= Wyol AMREHA Y, o] Wl o8] # A3
T2 2AAANA A ARA L Bl £ dAtE
of WA= methyl ester7]o] F22 Ao]7t §lo] o
Se BT AS 47 TR FFAA B2

AR A ZA G 1B methyl ester FeEjo] FHOR
Aesty ok dL3] AAAA EAse AHIEF
7 JE 9] methyl esterE2 54 2L A =& A2V}
27l gEd o5& FA FFLE FFse W
HMe 2ulE v SAHes & Jivk gty 2
AFdoMs A S 15 ester S 2
o AT 5 glon AZFAAE o ¥E F U
TFAAS TFES A S /hdstd Abgstith
o] S AMES B Fo EAE BA Ao 7
Z US EPA 3 & QX9 SPEED 98 wWrgxt}h A5
& A 152 ZFol|T AZdA = Hd) 108 o)} F
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HHE ARE 9e 4 QAT BF 44 AzA
TFE #EAZS AdA EA8A e dgzA
7129 methyl csiershe 135 FEET QFE 747}

2+ 9= el ek

ol9} 7+o] TFE/TFAA 54 ol 93t 44 A
ZAF AFHol 374 FAHAqAM &8 Rt o}

Holl whet & AFAolA Ats BAE vig o
A77lAHe] FF A st BAY AxAe
ool AZl=o] o AFdAs E AFANA
AEd g AZRARAS W g A3y
(intra-lab) 3 AP 4A7F (inter-lab) A=A E T2
ZA A EA 8F0] thdl method verification data
E 43A vk £ APoAe SEANE Fol X
o] Sle AMede BEH0RE B3] 95ty
FA-AH FE2YPOE HAZF F GCMSDE o] &3}
o BAHstdon, FEASE SR TFETFAAE Ab
&34tk

N

HE N9t

2 A7lAM A" AAAIZRA 24D, 24-DB,
Dicamba, Dichloroprop, Fenoprop, MCPA, Mecoprop,
245T9} WHEFEEZQ 24-Dichlorophenyl- acetic
acid®t F I X FEZQ  Phenanthrene-d;p&  AldrichA}
(St. Louis, MO, USA)elA ZFEEAS FYstom,
diethyl ether, W €22 MerckA}l (Darmstadt, Germany)
o AFEG LYES FUH AL HE &
He 10 mgS 10 mL MeOHo| 5o 1000 ppm stock
solutiong THERY, Qo we} o] FFLEAE 34
sto]  AMgStRth  FRTE MilliQ 2 Milli-RO
systemg 3¢ 3% FHFE AHESIHTh 7
UEEFH FASWEFS Baker Ab (Phillipsburg, NS,
USA)e] E3A%e Fh3td Aok st
AlekQl  TFAA  (trifluoroacetic  anhydride)9} TFE
(Trifluoroethanol)2  AldrichAl (St. Louis, MO, USA)9|
A FAst A OE ARG Add AL
H REEYL gt Zol Azt 7+ AP Al v
T3t AHGs AT

1) Standard stock solution (200 ppm)

0.2 mg/mL in MeOH (200 ppm)
2) 1st working solution (10 ppm)
stock solution 0.5 mLo|] methanol 9.5 mL& 7}s}

of 208 548l 10 ppm HA o

3) 2nd working solution (1 ppm)

Ist working sol. 1 mLo|| methanol 9 mLE 7}3}e]
108 3]4ste] 1 ppm HA 3te] Eol spike@ w A}
g9k

4) ISTD working solution (2,4-Dichlorophenyl acetic
acid)

100 ppm &1 1004 3|43te] 1 ppm §HO 2
THE F B spike & W A3

5) Reference standard (Phenanthrene dio)

10 ppm LML ethylacetated] 10084 Z #3 0.1

ppm §4O T TEo] AREFTh

SADI| R JDDIE

2 A7 A AHSE J71E 1S B2 oa gelk
glor} FE GC/MSDE Hewlett-Packard A} HP5890
series II plus GC2} 5972 series mass selective detector
(Z-& HP6890 GC/HP 5973N MSD$} Varian GC/ITD))
& direct inlet® 2 AAd A ALY h

EF EF29L mass range 50 - 600 amu Z Table
1o VEFA oven temperature programo] wlr Z+ &
o AF ~HEHE sl B4 o]2F HH3}
Foh Agg o3 7+ EFY wREE Az wE
0] & Hel B (selected ion monitoring mode)L 2}
Astd & 13 222 GCMSD/SIM =21 &dstqict

4E Ass 2 AEHAA AAHE  maco
program$  ARg-3te] trifluoroethyl 7| 2 X #E 8% 9|
HEAZRAY B R AFE AT YA

=

AlEEy

B method validationo] Fjgh dtihes B AFA
S H[ESS A F - doA dEHoE 3 |8y
Mgty FPsn A=z FA HE E QA
718 SXFAo] FARMAEE, JuI|HLEE
TFU gL FEFEATAY AR REE FF7)
ZHFALATY FAEZEALAA & A7 #
dq3ted  FY T WA Y AFH A, A&
A &4 2 7A Exore AYUE (precision) et A

4
% (accuracy)E ZAVSQ Y, ZH 7198 B4 AAES
Festd A4 £4 WAE ZABIIA AT
7b 713N A AMEE EAWEE KISTAAM A A g
158, 24 5%, 3294, WELE, WAt F
< 5Ystd AMEERT $AARE F¥E 200 mLE
2d39oM, NE¥EE Z¥E (5 ppb in 200 mL
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Table 1. GC/MS operation conditions for derivatized acidic herbicides
Condition
- Column 5% phenylmethyl polysiloxane capillary column
Ultra-2 , 25 m x 0.2 mm ID. x 0.33 um
- Carrier gas He (99.9999%) at 1.0 ml/min
- Injection port temp. 280°C
GC - Injection mode splitless
- Run Time 16.0 min
initial rate final
- Oven temp. programing 100°C  Omin 10°C/min 220°C  Omin
20°C/min 300°C  Omin
- Transferline temp. 280°C
- lonization mode Electron impact (EI)
- Electron energy 70 eV
- Analyzer Quadrupole
- Detection mode Selected Ion Monitoring (SIM) : Solvent delay : 3.0 min
MS Time (min) Selected ion(m/z)
3.0 302, 203, 188, 296, 161, 141, 159, 169, 286, 304, 298
SIM 7.0 282, 284, 141, 125, 316, 318, 189, 162
7.4 302, 304, 161, 175, 350, 196, 198, 223, 162, 141
8.6 336, 209, 195, 338, 169, 330, 332, 127
10.0 188, %4
of water : st working solution (10 ppm -£<¥) 100 uL mLo]| spiked}od b spiked waterE THEO] ALY

2 ¥ 200 mlo)] spike 3¢} 5 ppb spiked water A 55
e A9 AFE (0.5 ppb in 200 mL of water :
2nd working solution (1 ppm &) 100 pLE E 200

Sample 200 mg

ISTD (2.4-dichlorophenylacetic acid) 1 ppm 100 £
5 g NaOH (Hydrolysis)
60T for 15 min

Cooling

H,S0, 5 me (pH<1)
Anhydrous Na,S0, 60 g
Diethyl ether 26 m2 X 2 exiraction

Organic Solvent Layer

Evaporate to dryness
TFE 50 u8/TFAA 100 x2
80 for 1 hr, cooing & evaporating

Residue

Ethyl acetate 100 £ with phenanthrene—d,q

2 #£ injection to GC/MSD

Scheme 1. Sample preparation procedure of acidic

herbicides in water.

05 p
of thsfA FalstAa —*r% W2 scheme 1o vheRd
AA-AH FEUS AHesaT. 2845 200 mLE 3
3l Q3 =52 FFLAE spikedtT 5 g NaOH
gtk Ao
yol pHE 1032
g A7bsch 919 Al

8] 2 diethyl ether

73 G- ZAbo]| phenanthrene-dio (10 ppm)S -3
100 pL¢] ethyl acetateE ¥o] GC/MSDZE ¥A3}%th

2z o ¥

FEH9 24

8% 9] YAE ¢ (acifluorfen 7} picloram X 3§ 105)
2 YREFEIES FAO Tyl fAstd 2E
LEZZ WL 100TAA 300C7HA4 HSAA &3
gk #EE 300Ce LEAMT et st Ulta2 Z
12 AHESE T spliless® 3T tiREe €3
FLz2A0M Bt 7hgstAdon, WA Ao

B o

flo o
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Fig. 1. GCMSD Total ion chromatogram of derivatized acidic herbicides mixture (SIM mode,

concentration of each compound is 10 ppb in 200 m¢ of waier).
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2% £33 scan modeZ2 EFEAL B4
Ak 293 74 AFAHEYNA 237 EAol
A3ty SIM methodE 243, ©] F HEF
ol UNE AMEstd HFEAd o2t} Fig.
of EFE2 EFLN] SIM methods] ©}3t total ion
chromatogramS UeR At o]& A5 FES Y
T [COOHPIE 7HAZ $17] W&o GC/MSDe]A <)
HE AEE %9171 919 tifluoroethyl 2 A4 3}A]
A APsAch ol WHoZ H4¥H A3} ng/ v 9
S BHA AE & F AU

Acifluorfen, 2,4-D, 2,4-DB, dicamba, dichloroprop,
fenoprop, MCPA, mecoprop, picloram®} 245-TS&
T uifluoroethyl 2 fEASE MI'olLo] BE A%
=129, [M-COOCH,CE] o] &o] & mo]A& e}
Stk B Cl o]0 UL aFe) s Cl
o]Zol 2/ U¥E 24-DBY} 24D, dichloroprop,
T IMIM#2]" 9 w7k 7tz 9602 et

(<0
L

— 2 o

dicaml

gk =3 Aol 37 Ye 24,5-T9 fenoprop 18]
picloram?] A= M M+2)" 7} A9 L:19] H| &=
2 HEHJAT olHd EA F 245TE 42 W
trifluorethyl2 | $8 FEA G [M] o] 20] 33608
Z Yehgon, miz 33839 ¥yt LIE i

Intra-Lab Validation

dE94 2 A3 datad] H] &

A Z1Enitk Abgo))e wet ZEdA7r 47
OE #ES Ve JARAT 7 EFEY] A4
2 0.1 - 100 ppb HJolX BE EAE 3] 0.9
oo g EZRHUY AEIAE 74 /1HER 30 9
= AME3te Atstglon 7t 713 A FE Table 2
o Jerf ik

ZEE G0 phIA Y JHE 2 JUE
7 7129 839 Ayxt $Ho WE AoE 4

Table 2. Linearities and detection limits of acidic herbicides in each lab

Compound Concentration range, ppb Linearity range o) MDL range, ppb
Dicamba 0.9955 - 0.9997 0.008 - 0.025
Mecoprop 0.9984 - 0.9991 0.006 - 0.049
MCPA 0.9972 - 0.9993 0.005 - 0.042
Dichlorprop 01 - 100 0.9957 - 0.9968 0.002 - 0.020
24-D 0.0054 - 0.9983 0.007 - 0.041
Fenoprop 0.9971 - 0.9974 0.003 - 0.039
245T 0.9925 - 0.9976 0.007 - 0.045
2,4-DB 0.9939 - 0.9975 0.007 - 0.037

MDL : Method Detection Limit.
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HEH, dicamba, MCPA, dichloprop, 2,4-D, fenoprop,
24DB 632 ZE 7|HolA AFE(%, bias)7} +10%
oo A#HE Yeplidlen, AL BF 15% o
Woll & w9 43 34-& JeER Ak Mecoprop?]
A AUEE 205%04 120% BARoH FAL
3 71 245%)y AQstae BT 10%09 3t
S UYL, 245TE -127%4 -1.80%9] A%
gt 15% o9 FEEE Jehliinh £¢Hoz &
™ mecopropS A 7] A Fe 47 BA7)
BdA e A AYETL dl$ S Aem
UER O™ mecoprope] AL 8 s Zl@olAe A

A
-
o

BE7F g2 w4 FAHEUL Boln o] Fgm i
FE7Hppb FEYS AL o AIE ¢ A

2 AtsHr) (Table 3)

AEE (0.5 pph)oj Ao FFGE @ FUE

Table 394 Eo]%o] 0.5 ppboll Al 9] 87 24 5
9 AT E AHRY dicamba®} 24-DBE 47 7%
BEF 15% o9 HE=E JeRIoH, mecoprop,
MCPA, dichloprop, 24-D % fenoprop2 7)#o u}e}
Aol o dRE 25% ojviel A¥TE eh)
At 24,5-T) AL 27) 71FAA 440% 540% =
3 =2 #HOE AT 7 EE 13y
AEEE ANS 2z ZE A g3 27 7@
15% o\ s Jehlldy, ydxA 27 7|3 2
T 25% olle AYEE HolX Slo FA FEE 1

HE o AP0l 4]+ AL & 5 AU

i
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Inter-Lab Validation

AFEE (S0 pph)oAl9 Fgx B FUE

50 ppbollA 87 AHY AlxAS AFLT FE:
(accuracy)= -6.70 (2,4,5-T) - 0.80% (Dicamba)E =7
HY7 AP T (precision)= 3.08 (Dicamba) - 13.9%
(Mecoprop) = | 15% o|WE vehtal glo] 23]

gl

O:

2o Ao accuracyl} precision HIEH$
o E YErGT glo] ¥ AP AN EAY
A B34E 45T & AUk

X (0.5 pph)l A9 Jox F FJEx

0.5 ppbollAl 874 AH AzAS AFLT AL
(accuracy)¥= 3.10 (Dicamba) - 32.0% (2,45-DZ &34
By AU (precision)s= 3.72 (Dicamba) - 18.27%
(Mecoprop) 2 Htj 20% o2 UERL Slof 239
Z2d AN A 2] accuracy } precision
o2 Yetua Sl & AFAA A
el 834 E 458 7 AUk

£ Agd s A+713ELS TFE[TFAAC] o
FEAS S AIA B Ho) e VHEEA AT
ARES W] dd SEETE A gl Ao A
o] 9 As FEo wat JhRe) X vAE
ARE AN ATE AU dAHes 48 2
Z} inter-lab accuracy(% bias) : -6.7 ~ 0.8%, inter-lab
precision(% CV) : 3.08 ~ 13.9%2 A 2 AFAdXA A
Al A g ggAde] YFE A

B AT3e FF A ANIEES G A4S @Y

?)
2EYY
& w4

Table 3. Intra-lab Precision and accuracy data for acidic herbicides

measured conc.,

precision, % (min accuracy (%, bias)

Compound target conc., ppb ppb (min ~ max) ~ max) (min ~ max)
Dicamba 4.84 ~ 5.18 0.86 ~ 4.84 -330 ~ 370
Mecoprop 397 ~ 561 394 ~ 2448 205 ~ 122
MCPA 4778 ~ 4.98 240 ~ 9.10 430 ~ 032
Dichlorprop 500 459 ~ 503 222 ~ 807 -822 ~ 052
24-D ' 479 ~ 541 181 ~ 1227 419 ~ 811
Fenoprop 475 ~ 5.38 096 ~ 14.24 -505 ~ 7.60
245-T 436 ~ 494 055 ~ 11.82 -12.74 ~ -125
2,4-DB 478 ~ 541 2778 ~ 10.76 434 ~ 8.28
Dicamba 049 ~ 0353 3.19 ~ 852 -2.18 ~ 4.88
Mecoprop 047 ~ 0.71 649 ~ 21.70 -6.15 ~ 413
MCPA 049 ~ 0.66 4.16 ~ 9.66 -1.02 ~ 323
Dichlorprop 0.50 044 ~ 0.68 298 ~ 1097 -11.4 ~ 369
24-D ' 053 ~ 0.63 199 ~ 1298 124 ~ 253
Fenoprop 049 ~ 0.63 691 ~ 20.05 228 ~ 263
2,4,5-T 0.56 ~ 0.77 10.13 ~ 23.78 112 ~ 53.8
2,4-DB 045 ~ 057 418 ~ 23.09 934 ~ 131
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Table 4. Inter-lab Precision and Accuracy data for acidic herbicides

Target Conc., Measured conc., ppb Precision  Accuracy
Compound .
(ppb) A B C D ave sd % (%, bias)
Dicamba 5.18 5.13 5.01 4.84 5.04 0.16 3.08 0.80
Mecoprop 5.61 4.84 397 4.88 483 0.67 13.86 -3.49
MCPA 4778 498 496 497 493 0.09 1.92 -1.48
Dichlorprop 4.59 5.03 4.82 4.80 481 0.18 372 -3.83
24-D >0 5.08 4.79 4.81 541 5.02 0.29 572 0.40
Fenoprop 476 4775 5.08 5.38 4.99 0.30 6.02 -0.17
24,5-T 478 459 4.36 494 4.67 0.25 532 -6.66
24-DB 4.78 4.87 541 4.87 4.98 0.29 5.80 031
Dicamba 0.52 0.53 0.49 0.51 0.52 0.02 372 3.10
Mecoprop 0.52 047 0.71 0.55 0.56 0.10 18.27 122
MCPA 0.49 0.60 0.57 0.66 0.58 0.07 11.85 16.5
Dichlorprop 05 0.48 0.44 0.61 0.68 0.55 011 20.18 11.0
24-D 0.56 0.63 0.59 0.61 0.60 0.03 4.72 19.8
Fenoprop 0.49 0.52 0.63 0.54 0.55 0.06 11.31 9.10
245-T 0.56 0.72 0.59 0.77 0.66 0.10 1542 320
24-DB 0.51 0.45 0.56 0.57 0.52 0.05 10.24 4.40
ABC & D : 4713
@
7138 22g-5.0ppb
700
g —e—wisT |
g-‘ 500 : ':': i’;
s -0 BEG|
300 S " %
& S & 4 & / S
0\&@ \ycP N X @"‘ « Q¥ QO(\OQ« q,!,‘? o

Acidic Herbicides

(b)

7|gd 2 EZ-0.5ppb

080

Conc., ppb

A Q

S X Q¥ 2 Ng &R e <
& & ¥ o v & > 9
3 & ° & v
A &® <

Acidic Herbicides

Fig. 2.

Inter-lab accuracy data of acidic herbicides at 5.0 ppb (a) and 0.5 ppb (b).
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Inter-lab validation for the derivatization method by TFE/TFAA of acidic herbicides
Heesoo Pyo*, Song-Ja Park, Kang Jin Lee', Jongki Hongz, Ho Sang Shﬁf(Bioanalysis & Biotransformation
Research center, Korea Institute Science & Technology. P.O. Box 131, Cheongryang, Seoul 130-650, Korea,

'Water Analysis & Research Center, Woongjin coway CO. LTD. 131-220, Sangbong-Dong, Seoul, Korea, *Dept of

Pharmaceutical Science, Kyung Hee Univ. 130-701, 1, Hoegi-dong, Dongdaemun-gu, Seoul, Korea, *Dept. of
Environmental Education, Kong Ju National Univ. 314-701, 182, Shinkwan-dong, Kong Ju, Chungnam, Korea)

Abstract : A sensitive derivatization method by using the TFE/TFAA as derivative reagent is proposed for the

determination of acidic herbicides in water, by using this method, method detection limits are improved by 10

times and sample volumes are decreased by 5 times compared with other methods such as U.S. EPA and SPEED

98. And also, in order to suggest higher creditable standard operating procedure (SOP), intra- and inter-lab

validation test carried out by four laboratories include our lab. The results of infra and inter-lab validations in

same experimental conditions show good linearity in given range of concentrations as a 0.1~10.0 ng/ml, and
range of accuracies and precisions show -20.5~12.2 bias%, 0.55~24.48% (for intra-lab validation) and -6.66~
0.80 bias%, 1.92~13.86% (for inter-lab validation), respectively.

Key words : acidic herbicides, derivatization, inter-lab validations.
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