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Determination of Ametryn Residue in Agricultural Commodities Using

HPLC-UVD/MS

Su-Jin Lee, Young-Hak Kim, Lee-Seul Song and Myoung-Gun Choung*

Dept. of Herbal Medicine Resource, Kangwon National University, Samcheok 245-907, Korea

in agricultural commaodities.

Abstract 1;

Ametryn is used in USA, China, and Japan, but not introduced in Korea yet. So, MRL (Maximum Residue
Level}, and analytical method of ametryn were not establishment in Korea. Therefore, this experiment was
conducted to establish a determination method for ametryn residue in crops using HPLC-UVD/MS. Ametryn
residue was extracted with acetone from representative samples of five raw products which comprised hulled
rice, soybean, apple, green pepper, and Chinese cabbage. The extract was diluted with saline water, and
dichloromethane partition was followed to recover ametryn from the aqueous phase. Florisil column
chromatography was additionally employed for final clean up of the extract. The ametryn was quantitated by
HPLC with UVD, using a Tosoh ODS 120T (4.6 x 250 mm) column. The crops were fortified with ametryn
at 2 levels per crop. Mean recovery ratio were ranged from 83.7% for a 0.2 mg/kg in soybean to 91.1% for
a 1.0 mg/kg in hulled rice. The coefficients of variation were ranged from 1.2% for a 1.0 mg/kg in hulled
rice to 3.6% for a 1.0 mg/kg in soybean. Quantitative limit of amatryn was 0.02 mg/kg in representative 3
crop samples. A LC/MS with selected-ion monitoring was also provided to confirm the suspected residue.
Therefore, this analytical method was reproducible and sensitive enough to determine the residue of ametryne
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M E

2 A Fdol Ao dHEAAT FANAEA 5
o] A AT W S el A Tlofslel o F
BB HE7 Y FHo] 7He3le s sh5le W b, &
thae) AEsE T8 =5 s At Fad
ATE FOEN FUUY 4 el & FEE Tk oY
& o= EE1L U AES Aot SERA

A=A 7} Tel. +82-33-540-3321, Fax. +82-33-540-3329
E-mail: emg7004@kangwon.ac.kr

125

A=) Aol glott B4 A
Ael i AEFH FAH A

—

low s
|

S

SR

o
to
uit
o
nE
—

Mooz

Dg-" sl

=

DA i}
o iy o o

Ho

hul
Mo ok
=

Free Trade Agreement(FTA) AT <J3)] =tjjo)A|
S FerTk ofYet, el #YEE
T wokel digt Fuld AT IR

N
o

U o >
T

o



126 048 - Ayt
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0B, S n|SE ool Aut YTH AR &
ot HiolAE AT RAAA AGE BT FYAES o
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ol RS BskaAt 3 b AR triazine
A AzAY ametrynols] S vl§F FoFolA| vl o
2, = TAAE

Y AzAZ AEEHL e Folth
TriazineZ| A|ZA|= 1950 Re FPghzo] Ao 22
AMEE|OISETL, T1 F atrazineE S, o, AR A
v Ao HHA o8 ALEE|t= ¥t ametryn, simazine Y
metribuzin 52 AR, B, AR, vy 2R, 071,
IRQlofE & ZH2 A=Y FEF2Y WA ARHL 9l
on, n)x9 A8 S5 5 T 229 MRLE 0.25
05 mpkg $30/5, L8] A% 245, A 5 450
MRL-2 0.05~0.4 mg/kg 4522 BE3 9IciDale &,
2010).

Ametryn[2-(ethylamino)-4-(isopropylamino)-6-(methyl
thio)-s-triazine]| 9] &F8H41-2 CoHNsS& Bk 227.330]
m, A oAof ofsf HEAgol Lehdth S Ratg
5 84~85C, B2 3450, Uz 20To)A 119

em’, 27|98 25CoA 2.74 x 10° mm Hg, 28j7)<~log
Pow)t= 2,39, 20| gt &8j1c = 20TollA] 185 mg/100 mLo|
), 9-718u) 2 dichloromethaneol+ 61.4 /100 mL, acetone
oflt= 56.9 g/100 mL, methanoloj 51.6 g/100 mL, toluene
ol 46.0 /100 mL, n-octanolof= 24.2 /100 mL, n-hexane

ol 14 g/100 mLE et 3549 SFEoIthLowell,
1979).

=17]0] gigt ¥k AR 3.2 mgkg, HF 029} o5
27] 22 Z4F7H ofd FEE0l tgt wkeAAEES 23,000
mg/kg % 30,000 mgkgo. 2 EHFU FiL7|9| thsto] A
4ol AR AAEEY dstols & 5A4E Ushd
Ci(Farré, 2002). Rato]] 7507 A] x]RS 1,100 my/kg,

sl 5ol thgt B AREL 3,170 mg/kg o]4do|m, rabbit2]
s fof gt A= ks, guinea pig] it 724 Al
o Ads ke 02 ZAbERE 9JeHIUCLID, 2000).

3HH ametryn®] B4 E27E Yol NHYIE Tkl

9102 HPLC(High Performance Liquid Chromatography)

£ o] g3lo] BAE b 9)a(Lucio %, 2004; Glaucia, 2000A

& 2000B), Tadeo 5(1996) 2 John 5(1996)& GC(Gas
Chromatography)& ©]-&3}%] ametryng E43H} ¢lon,
A3 ATANEL EAAol BEY T2 Askeo] gt &
B4 0 QRS BAS] S1) oI ABY gl
o, AA SAHES e gt BAxd g d Aee §
o] AR5 Ake 7o ARG Agolrh

gebd £ e Sy 158 FeolAtt nls, F5, @
2 5 ool A FAREY AZRAZR AHE= ametrynof of
OH AelA Ul z%ulx%o] zz}ig}_ %,‘k_]-g _g_ 7}_3}— Al H/_\j'

AAE Gesto] T +YAE 29 4 A 2E9 BFRE

o 449 12 ARE ATITA € 47E 49 ot
e ¥ uy
A2t % 717

Ametryn®] BAE EZEL &% 98% oA £48 &
ZE2 Sigma-Aldrich(USA) 25 13te] ARSIt
Z29] stock solutionS methanol®] 500 mg/LY FZ& X
A3k 20C Yo RshH A ZaA] ulch stock solution
S 4R0] wr @ sAke] AMEEISITE Florisil (60 ~100 mesh,
AFEAE ) T Baker(USA)ﬁeri Tste] 130TColA ot
S 7hgse] GeAll S BAstslo] ARSSIGITh n-Hexane,

E\:l}_\:]

}:1:

dichloromethane, acetomtnle 2 ethyl acetater
£9 acetone, methanol I deionized water= HPLCES

J. T. Baker(USA)ol A -¢Jato] AR-85lTh. 71er 718
111 U7],qot_0_ A]okE:L T AR H&]_Q_,Q. 1\]._9_3}0:}1;]. Z:IP
OF=27]= Eyela NE-1000SW(Japan)& ARE3}911, FAt
B ABE 3RAYOAIKA, Ultra-Turrax T-25, USAYE

o[gate] uhafl, #Est W &89k
|
H3C— S N N _CH2 '-'CHg
o
Y Y
N
H (IIH —CHs
CH,

Fig. 1. Chemical structure of ametryn.
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HPLC-UVD/MS 7{7|8M =7

Ametryn® 7]7]-EA-2 £ “H Ade Fohefetr) slst
F7LE 459tk & Table 1o Lebd vle} Zo} HPLC
& Agilent 1200 series(USA)E AR89, 72l Tosoh
ODS 120T(4.6 x 250 mm)& ALgatglom, 7)ef HAz
AL Table 13} £t} 3t LOMSEA L Agilent 6110
Quadruple LC/MSE AMgstgar, B4 izj % %Tt
HPLC #A3 gefsto] £4& HAstgle
271% Table 20f UepIT.

Table 1. HPLC operating conditions of ametryn

HPLC system Agilent 1200 HPLC system

Column Tosoh ODS 120T (4.6 x 250 mm)
Column temp. 35C

Mobile phase 60% acetonitrile

Flow rate 1.0 mL/min

Detection UV 220 nm

Injection vol. 20 ulL

Table 2. LC/MS operating conditions of ametryn

LC/MS system

Column

Agilent 6110 Quadruple LC/MS
Tosoh ODS 120T (4.6 x 250 mm)
Column temp. 35C

Mobile phase 65% acetonitrile contained 0.1% formate

Flow rate 1.0 mL/min

Sample size 10 L

Ionization ESI positive-ion mode
Gas temp. 350C

Drying gas N, 12.0 mL/min

Capillary voltage 4.0 kV
Mass range (m/z) 200~600

B mAE B ametryn? 24 127

£471719) HEH B

o OO
Ametryn 35899 F28 0.5 mgke= 248t HPLC
o 10 Z9sted ZZulE 23 A9 retention time(t.) L

peak aread] ®o|E vlil HEst] £471719 HEFE B

7¥skalct,
EHi20E 2EHSE HS

Acetone 150 mLoj ametryn &894 | mL.E #7p5a,
E8A)914 50 mLo} 554 450 mLE 7K 5 Hojel
o] &A ZF Bl = n-hexane 100 mL, dichloromethan/
n-hexane(20/80, v/vy 100 mL, dichloromethane/s-hexane
(80720, v/v) 100 mL, dichloromethane 50 mL(x 23))& A &]
2 gelalel 217 2231900, 7 2} 33948 4 sodium
sulfateo]] EIA|A PE-E AABIAIL, 40T o|sholl A 4%
Lz5ldnh 225 ASELS 10 mL 60% acetonitrile] A
$33t0] HPLCE B4j3hg0m, Lehgos Susoz 4
& FES Ateki:

B
FHol Sl sAEdAE vied RALE
F7hA oo Hefabgel agd ARSI, B
28 AZAA 71 ST BilgnE 24E 2508 &
4= sodium sulfate 20 go EA|A $2-E A|A sk, 40C
o)slo A Zole 23t T acetonitrile®) ﬁ&ﬂ% n-hexane 40
mLZ #7168k, n-hexaneo] Z3H acetonitrile 40 mLA|
1~33] 2] 223 3 40C osloll A ekss siolon, &
Zz5 A2EL2 10 mL 60% acetonitrileo] #-&-35te] HPLC

2 B8990, n-hexane/acetonitrile £4} 388 A4k}

52

.

r
Florisil £& A Z0tEatm| ""Iﬂ 249 %5'5

130CoA] o 5ot 7hgsto] & o
10 g% U3 1.5 em, Zo] 40 cm?] %“j/] 74 l of 74 %ﬁf&
3 3 g0] B4 sodium sulfateS $Jofl H7IsHTi(ols} florisil
ZW‘) A% florisil ZFEl o] n-hexane 50 mLE 7}38to] A
chof| 48R0 p-hexaneo] W& ARR FEAH BASIAT]

==

¥ dichloromethaneo] &&# 3289 10 mLE 71811,
n-hexane/ethyl acetate Z3-gH] 2AHEZ 27 50 mLA
33 gelA Ao, 7 24 EEA9 fejig HHAR
5 60% acetonitrile 10 mLZ A4 sttt of £ 20
ULE HPLCE EAJsto] g2]99] 24E ametryn 3585
HESIIH.
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Bz U BMAESESH|(Limit of quantition, LOQ)

Ametryn®] =E¥ 58 H2 stock solutionS 0.05~1
mg/L9 %E7} HE2 7k7 549811, 20 ULE HPLCO) %
Aste] peak®| WAL 7|Eo2 FEUHME 2AJeHch
EAR O] AgetAls et gAE ARAA IMfEde] &
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LOQ(mg/kg) = [717] AZiHAl(ng)/FUHuL))]
x [AEEHmL))/AI 2% ()]

240 tig SLE0| thEt ametryn] 2|$E HHY

& QtoflA 2 Pametryn AP#,—E’«@,HQ.J a8 2 A7
S AR Yete] Feg ABS FIsgTh &, T
AR ARE hfeta, AR 25 g°ﬂ st el 10 2 50
ufel] Y He ametryn EEEAE A1 ohg Ab| Halw
& Psto] FES SHSG

o
(‘

HPLC BM=Z &

Ametryn9] ¥4 HPLC 24932 A43}7] QJsto] vg
&of &afEt REEE o185t AETI A )& HES}
%k 2 27 222 nm FLoA 7MY 2 FHEE by
9T, T}&0 2 TR o] WAL AL 264 nm IO
ZAE|QIeH(Fig. 2). mebA] 7HE & FEo) WAYshe 1}
AF9Ql 220 nmE ametryn®] AEabgo g A4S

A8 HPLC Z8E Cis 4129 Tosoh ODS 120T(4.6
x 250 mm)E o]83HAIL, o] FALRE of F5 LA

2 AE3 A7 60% acetonitrile®] 2 A A ¥ 3t B oF

»
2 V—

Y v ; y r y v
200 220 2% 280 280 300 320 2do 50 ond

Fig. 2, UV absorption spectrum of ametryn.

AEIAE 717184 Al ARTEIHOIA peakz HET
& Qe g Yuishs AR ARMEIH Ao
S/N(signal/moise)H]7} 30]48 UElUE AE9 $EE 9
o)gict gkl AegtAs ARt iy A AFA 9
A g 4 Ye PAsERA, ARUETH oA de
% peak®] S/N(signal/noise)?] H]7} 10 oJAHLODE] 3Hf o}
AS VR AR e 2 olnjgltlFong %, 1999; Miller,
2005).

Table 12] HPLC 24 Oﬂ
S HAFle] §/NB|E AAKSE JeFSA(S/N=10)
£ 0.05 mg/kgazol itk ﬁJ‘; #4719 sy i
6 e S AT 205 mptg 559 2
F5 103 ¥hE 29 EA8] HEEAINE.), Aﬂf&?ﬁ‘(peak
area) et} %O](peak height) 2] HL5l<>]7:]]-,—(CV %)E ZARIG
o, 2AHE 739 2L 2 A 1.6% vigte 2 59
=2 B4 XW*‘“‘L Ueto], wHE B4 7k 227} #of 7]
717k QP Aol a, A Qe A4S 28T 4 Sl 99l
319 thTable 3).

-9 ametryn %5

.Y;
r°%‘
ok
<:>~i H'I

:\_

-

Fig. 3. Chromatogram of ametryn standard solution (0.05 mg/L
in methanol).

Table 3. Reproducibility of HPLC peak area and retention time
(t.) for ametryn

Parameter tr. Area Height
Min. 10.35 166.90 9.40
Max. 10.63 172.20 9.80
Mean 10.43 170.74 9.67

SD 0.1 1.5 0.2
CV (%) 1.0 0.9 1.6
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Ametryn®] H5EH F289(0.05~2 myl)S RA8HL,
= 27191 HPLCY| #9l, E-Aa}o]

o ZEAEAY ﬁ;qﬂgxg&% Y = 174.84x - 1.2585(R’=
2 o Cf(Fig. 4).

B

o

O
o1.

o

pats

NE %5 % 2ujziEel g
AV ARESE ametyn AHS F3E7] 3t Sl
+ acetoneg ARL3FITE Acetone2 US FDAH oL AOAC
oAl SR §AIR BESISH SHL e ot
ARES EoT BUAOR 445 54 o)k
ojn] B AAlEo] ofste] o o] T Tt AHA
o] QA% u} gIthKwon %, 2008).
FrbE FEAOZEE ametryn R €0 3
lr./\}sg EH

FEEE

gellede 1A o2 A 915t 24

400
350

y =174.84x ~ 1.2585
R = 0.9997

Fig. 4. Calibration curve of ametryn standard solution using
HPLC (0.05~2 mg/L, triplicate analysis).

SME B ametryn] 24 129

2 2 st =, °l= US FDAY]
oftt AOACH oA F7h~H]54 goF o] Hsted 2

O

Aoz AHEEH(AOAC, 2000; Lee 5, 2008), HARL =

Zolo] =2 1AL ATkt & M% AHo| 2t

Byl &ujE n-hexane, dichloromethane/n-hexane &3}t
BA, o) pEgS 2
AHeh A= Table 40 LeRfQIT). dfafAddof of-of gl
Z70] wE Eul 8-S 2AKE 23} n-hexane £98 100 mL
2 EYelE 1 ametryn® 35E2 68% ol on,
dichloromethane/n-hexane (20:80, v/v)£-2l 100 mLZ &
331918 1 a2 85.3% &L, dichloromethane/n-
hexane(80:20, v/v)&N 100 mLZ 235498 o 3¢go
88%, dichloromethane 50 mL= 23] ¥HE35le] B2319S
o) 382 99.6%E UEtfo] EE8u VS - Fujx
Aol ofgt ametryn &l A4Sk

Dichloromethaned- 0|83t ol-oll Fufjzigof o]3}o] Al
= Fof 23rd A5 24 % 71E WeiEde] AlAE A
o2 7lgEu, A AEL dichloromethane 9.2 Ak
AR A S E7] el AAEA etk ol2gt OXl
AEL 717184 A AHA 7MY F= BEE column?] &
Rl AsHE 2 etni YA 111746@40?%7&’}33
‘OIEP- A E F Erep T ARl 42 2.7~2.9%
0% & FRE0] e FRARC|BR of2igt §:2] 4

ol AAE 95}9 n-hexane/acetonitrile FH|H-S F7}5t

o, dichloromethane 452

ot

SRR

10

Table 4. Efficiency of liquid-liquid partition of crude extract by four different solvents for ametryn

Compound

Recovery ratio” (%)

Partition I”

Partition II

Partition III Partition IV

Ametryn 68.0

88.0 99.6

" Mean values of triplicate samples.
* Partition mixture

150 mL acetone + 50 mL saturated NaCl + 450 mL distilled water.

I, 100 mL s-hexane, II, 100 mL dichloromethane/n-hexane (20/80, v/v), 111, 100 mL dichloromethane/n-hexane (80720, v/v), TV, 50

mL dichloromethane (x 2 times)

Table 5. Efficiency of liquid-liquid partition with n-hexane/acetonitrile for ametryn

Compound

Recovery ratio (%)1)

Partition T°

Partition Il Partition III

Ametryn 92.0

97.2 97.4

Y Mean values of triplicate samples
? Partition mixture : 40ml n-hexane satd. with ACN

I, 40 ml ACN satd. with n-hexane (x 1). II, 40 ml ACN stad. with n-hexane (x 2). III, 40 ml ACN satd. with n-hexane (x 3).
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FATHUS FDA, 1999; AOAC, 2000).

Table 59 v}epd v}e} 7o) ]2} p-hexane L8 E3pA)7)
acetonitrile2 13 2H}E £35S o ametryn?) 3]4=&0)
92.0%% LHER AL, 23]9] - 97.2%, 38]9] A2 97.4%

E YUehio] 23) o)e) Bajol N 3l4go) 27 A
e PE URRIeBE 91 5 ulS4 28R A
AE {3 n-hexane/acetonitrile 2HHL EE XA 119] 2
32 AAerct 9 44 FFo] 0.2~0.4%F B934 A

2 EFHE S A 2 R4 s AARE BeE
ol ¢ A3l ARuFE I AdolA 1 A &3} E3 u)
u]3l] O 28 n-hexane/acetonitrile FHj}4S Aekst 4

=S
s15tet

=
[9]

Florisil &t I 20}E 2} e] #)xs}
H-of Eu] 9 n-hexane/acetonitrile HHHS 72 3
A8 A M ER 0] 2ABIH D
| 7 Aol dastdn F2F a2
o ) o= ameﬂyn4 e 24
o 24 Al 7P Wol o83k whdolH,
= silica gel, florisil @ alumma?’} Wol AMEES ’3},
o] florisil& A28} §29] AA7} Hoju} 743 BH o
2 AEEHE ZEA0lT(US FDA, 1999; AOAC, 2000}.
£ AFH e florisilg FAAR A% shgom, B
& 4E2) ametryn®] 43S 1843}9] n-hexane/ethyl acetate
o] TGS o)t Ao LEAAS B st shgt
(Table 6). Florisil S22 0lE19)9) & Fujo] tjors) 4]
ZAE& 0|25} ametryn?] 3|5&-S AESH A1} n-hexane/
cthyl acetate(85/15, v/v) £0f 150 mLE £-&3 22 9939,
o] Bla&o] e A& 8% 4~ o] AR g4

RNE

Z
%)

4=

3
J_]
(eI =%
A

>~l f

Table 6. Elution profile of ametryn on florisil dry column

IR 248 oFARE Vel florisil B2 2 2ubE 1)
HE ol 83 B AANLR gHystd Ofﬁ EAA 1
Z 10 mLY] §28WE AMShe REA S 2=20tED
g SEAA 2w vwA 2 H831A9HUS FDA, 1999;
AOAC, 2000; ©], 2011).

=l

]

aQ

BMEYE U SME HE Al ametryn?] 3+8

oA Bet AR 32 W A4, 282 774
& 5t 542 Ao 48U 2, Fig. 59 ek
vop 2o} mE ok pikge] A3 ARG ds
oFh U MREAII) TR Lo) 2R 2eS Bl
3liet. uteba] 24971719 ARAle e, Teja BAs
A 59 52eE Aelol B8 ARAS 12T 4
Ak AEE anetrynJ A 1’?—1!»—- 0.02 mg/kgflﬁ 74}/‘}
Eo] A7

B o

= v

=

=5=]

TE
H
24

% ] 0.05 mg/kg }%} Ee=
3187122 12 olstel AFEA 7150 A3t
429 wike FAE ARl ametryn &S AT
Ao} 108 9 50809) F=t HEE Hrbeta, 4] SeE
Aol oste] i siteo] 3MHECOR S8S A
“?} ZA3H= Table 73 2k, A 108 S04
~90.4%, @b SHA 508 <o A= 86.9~91.1%]
Q}/’\ 52 3, JEAE Ohgo}o% BANQA= 3.6%
= 4@3‘”‘4 A Aies 4 wiks AR FR
BAR ] AFRAVEY 28-S 70~120% W99 2N
0% oW & W=k o4k AitoflA & AofA
ametryn F4HE S+ e AFFF 24
Al i8] A8 e ¥ 4 Ak

2kt

L84

froreh fr o2
Hﬂi J.J.,

fod]
—

o

02
}Oll
o

o 2

Elution solvent

Recovery ratio (%)[ )

(v/v) 0 - 50 mL 51 - 100 mL 101 - 150 mL Total
. 2)

(n-heizné 1:OBtoAC) 00 400 44.4 84.4
. )

(n-heifm;: 1:SEtoAC) 188 711 34 99.3
. 2

(n-heigné %OEtoAC) 80.2 14.6 0.6 95.4
. 2)

(n-hezciné 2:5EtoAC) 89 3.7 0.7 944

Y 10 g of activated florisil (60-100 mesh) was dry packed.
? Pre-washed 50 mL of n-hexane.
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Fig. 5. HPLC chromatograms of various agricultural commodity extracts (fortified concentration: ten-fold of LOQ).
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Table 7. Recovery ratio of ametryn in various crop samples

131

Crop Fortification (mg/kg) Recovery ratio (%)” CV (%) LOQ (mg/kg)

02 3.7 + 2. 32

Soybean 837 ! 0.02
1.0 86.9 + 3.1 3.6
0.2 REEN 1.4

Hulled rice 811+ 16 0.02
1.0 91.1 + 1.1 1.2
0.2 86.1 = 1.7 2.0

Apple 0.02
1.0 875+ 1.5 1.7
0.2 859 + 1.7 1.7

Green pepper 0.02
1.0 90.8 2.2 2.4
. 0.2 904 £ 3.0 33

Chinese cabbage 0.02
1.0 90.5 + 1.1 1.3

" Mean values of triplicate

samples with standard deviations.
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= '\I:'X}'O]%
T 8 fragment iong o RH Bt A Qe A
Agolo] 7hssiche AHo] lckKwon 5, 2008). Ametryn
9] o]238L5 57| Y oA 0.1% formic acidS H7Fs}
of B48 AA|sFY L, ESI positive-ion modeo] A =& 7+
T& yehfiglen, TIC(total-ion chromatogram)+ Fig. 6
of, AR Y] mass spectrumE Fig. 70 Yt ich

Ametryn

o ey f~ PUSIS SN \ M,N _‘ WJ

Fig. 6. Total-ion chromatogram (TIC) of ametryn.
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Fig. 7. Mass spectrum of ametryn.
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Fig. 8. SIM chromatogram of ametryn in hulled rice matrix.

chromatograme|t}. £ f—g‘@ ol AFGE BE HAHEY] £
2] Az A} T FOHdE peak7t e W) ofgtow,
A9 A7k ARoAE FE BREE ARMdel A8
ametryn #HFE0HE 1T 4= QISItk webA & dtol A
AR LOMS 9] SIME S 088 Lo = HPLC-UVD
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