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in Paddy Water, Soil, and Rice with HPLC
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Abstract An analytical method for detecting metamifop residue in paddy water, soil, and rice with high
performance liquid chromatography (HPLC) was developed. Water was extracted with ethyl acetate before
analyzing by HPLC. Soil residues were extracted with acetone under acidic condition and after purifying with
Extrelut® NT, and silica SPE, the residue was analyzed by HPLC. For residue analysis in rice, the procedure
involved extraction with acetone, purification with Extrelut® NT, partitioning between acetonitrile/hexane,
purification with silica SPE cartridge, and analysis by HPLC. The limit of detection (LOD) was 1.0 ng, limit
of quantitation (LOQ) was 3.0 ng, and method limit of quantitation (MLOQ) were 0.001 mg/L for paddy
water, 0.01 mg/kg for rice and soil, respectively. Standard calibration curve shows linearity from 0.05 mg/kg
to 5.0 mg/kg (R*=10.9999). The recoveries in fortified paddy water were 91.3 +3.5% (0.01 mg/L level) and
93.2 £6.3% (0.05 mg/L level). The recoveries in fortified paddy soils were 92.5 +4.0% (0.1 mg/kg level) and
92.7+4.0% (0.5 mg/kg level) in soil A, while, 102.3 +4.4% (0.1 mg/kg level) and 98.9 +7.9% (0.5 mg/kg
level) in soil B, respectively. The recoveries in fortified rice were 93.0 +6.9% (0.1 mg/kg level) and 85.0 +
3.5% (0.5 mg/kg level). This method was proved to be effective and can be used to determine the metamifop
residue in paddy water, paddy soil, and rice.
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Introduction

Metamifop ((R)-2-[4-(6-chloro-1,3-benzoxazol-2-yloxy)
phenoxy]-2’-fluoro-N-methyl propionanilide, CAS RN :
256412-89-2, Tomlin, 2009, Fig. 1) is a herbicide developed
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by Dongbu Hannong Chemical, Korea (Kim et al., 2003). It
is highly selective between rice and barnyard grass, and used
for post-emergence control of annual and perennial grass
weeds in various crops, applying at 100-200 g/ha for rice
(Chang et al., 2004). This chemical inhibits acetyl-CoA
carboxylase (ACCase) like other AOPP (Aryloxyphenoxy-
propionicacid) series herbicides such as fenoxaprop, fenoxaprop-
P, quizalofop and quizalofop-P (Tomlin, 2009).
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Fig. 1. Chemical structure of metamifop.

Metamifop was registered in Korea to control annual weed
Echinochloa utilis in paddy field. By combination with other
herbicides metamifop is used to kill annual weeds such as
Echinochloa utilis, Bidens tripartite L., monochoria vaginalis,
Lindernia procumbens, Ludwigia prostrate, or perennial
weeds such as Sagittaria trifolia, Eleocharis kuroguwai,
Scirpus juncoides var. hotarui (Ohwi) Ohwi. (KCPA, 2016).
This herbicide has been exported to China, Indonesia,
Philippines, and Japan since 2010 (Choi et al., 2011).

In most cases these AOPPs herbicides effectively control
weeds at low concentrations with low toxicity for nontarget
species and have reduced persistence in the soil (Somers,
1996). The acute oral LDs, (rat) of metamifop is > 2,000 mg/
kg and acute percutaneous LDs, (rat) is > 2,000 mg/keg,
indicative of low mammalian toxicity (Tomlin, 2009).

Pesticides residues remaining on the food crop after spray
or a contaminated food can result in harmful effects for the
consumer and the environment. Therefore, quantification of
the level of residue in crop, food and environmental samples
is essential for consumer and environmental safety.

Moon et al. (2010) analyzed metabolite of metamifop from
photochemical reactions and Park (2004) developed HPLC
analysis conditions for metamifop and the metabolites from
microsomal reactions. These methods adapted the direct
extraction of the reaction mixture with ethyl acetate or
dichloromethane without further purification with SPE or
column chromatography. So these methods would not be
suitable for residue analysis of agricultural or environmental
samples containing many interfering substances. And
enzyme linked immunosorbent assay (ELISA) of metamifop
was studied with only buffer solution have not been adapted
to real samples (Moon et al., 2007).

The purpose of this study is the establishment of

Table 1. Physicochemical properties of soils used
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metamifop residues analysis method from paddy water,
paddy soil, and rice for routine residue analysis. Optimi-
zation of clean up, partition procedure, extraction, and
method validation were carried out to develop precise and
reliable analytical method.

Materials and Methods

Chemical and Reagents

Metamifop (purity 99.2%) was kindly donated by Dongbu
Hannong Chemical. All solvents used for HPLC analysis
were HPLC grade (Fisher, USA). SPE cartridge containing 1
g of silica or florisil was purchased from Alltech (Alltech
BioKorea, Korea). Extrelut®
(Merck South Korea, Korea). All the other reagents and

common chemicals were reagent grade or better.

NT resin was from Merck

Paddy water samples were collected from Seoul National
University Farm (Suwon, Korea) and filtered through a
0.2 um membrane filter. Paddy soils were collected from
Seoul National University Farm (Soil A, Suwon, Korea) or
Gimpo (Soil B, Gimpo, Gyunggi, Korea) and air dried,
sieved with 10 mesh sieve. Physicochemical properties of
used soil were shown in Table 1. Rice was grown in Seoul
National University Farm and were hulled after harvest.

HPLC System

HPLC analysis was performed using an HP 1100 system
(Hewlett-Packard, USA) with Luna C-18 column (4.6 x 250
mm, 5 um, Phenomenex, USA). The mobile phase consisted
of water and acetonitrile. A one step linear gradient [A:
acetonitrile, B: water; 40% A, 60% B from 0 min to 3 min;
90% A, 10% B at 20 min; 90% A, 10% B at 30 min] was
employed over 30 min with the flow rate of 1.0 mL/min. An
aliquot of 20 uL. was analyzed and UV detection was
performed at 238 nm with diode array detector.

Standard Calibration Curve

Metamifop analytical standard (99.2%, 10.1 mg) was
dissolved in 100 mL acetonitrile to make stock solution.
From this stock solution, standard solutions of 5.0, 2.5, 1.0,

Organic matter CEC Pal’ticle dlStrlbuthn (%)

H (1:5 Texture

pH (1:5) (%) (me/1008) ~ Sand it Clay

Soil A 6.71 0.70 14.9 58.1 18.1 23.8 Sandy clay loam
Soil B 6.49 0.73 20.7 61.6 224 16.0 Sandy loam
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0.5, 0.2, 0.1, 0.05 pg/mL were prepared by serial dilution
with acetonitrile. An aliquot of 20 pL was analyzed with
HPLC and the standard calibration curve was prepared based
on the peak area. The limit of detection (LOD) was
calculated as 3 times the signal to noise ratio, and the limit of
quantitation (LOQ) was calculated as 10 times the signal to
noise ratio (Lee et al., 2013).

Establishment of Purification or Partition Method
Purification condition for SPE (Solid phase extraction)
Standard solution of metamifop in 5% ethyl acetate/hexane

(10 mg/L, 1 mL) was loaded on to silica or florisil® SPE

cartridges, that were previously conditioned with 5 mL

hexane, and then the cartridge was eluted with 10 mL

solution of 5%, 10%, 20%, 30%, 40%, and 50% ethyl acetate

in hexane. After each eluate was evaporated with a gentle
stream of nitrogen, the residue was dissolved in 2 mL of
acetonitrile and analyzed with HPLC.

Extraction condition for Extrelut®

Standard solution of metamifop in acetonitrile (10 mg/L, 1
mL) was added to 20 mL of water and loaded to a column
packed with 20 g of Extrelut® NT resin. After 30 min, the
column was eluted with 150 mL of extraction solvent such as
ethyl acetate, hexane, or dichloromethane. After solvent was
evaporated under reduced pressure, the residue was dissolved
in 2 mL acetonitrile and analyzed with HPLC.

Hexane/acetonitrile Partition

Standard solution of metamifop in acetonitrile (10 mg/L,
I mL) was added to 50 mL of acetonitrile saturated with
hexane and extracted with hexane saturated with acetonitrile
twice (50 mL +50 mL). After each hexane and acetonitrile
fraction was evaporated under reduced pressure, the residue
was dissolved in 2 mL acetonitrile and analyzed with HPLC.

Liquid-Liquid Partition (LLP)

Standard solution of metamifop in acetonitrile (10 mg/L, 1
mL) was added to 100 mL water and extracted with a
different solvent system (I, II, III and IV) twice (100 mL +
100 mL) (I; ethyl acetate, II; saturated sodium chloride (10
mL) solution + ethyl acetate, III; dichloromethane and IV;
saturated sodium chloride (10 mL) solution+ dichloro-
methane). After each organic solvent fraction was evaporated
under reduced pressure, the residue was dissolved in 2 mL
acetonitrile and analyzed with HPLC.
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Recovery Tests of Metamifop from Samples

Paddy Water

Paddy water (100 mL) fortified with metamifop at 0.01
and 0.05 mg/L levels were extracted with ethyl acetate twice
(100 mL + 100 mL) and the organic layer was dried over
anhydrous sodium sulfate. After solvent was evaporated, the
resulting residue was dissolved in 2 mL acetonitrile and
analyzed with HPLC.

Paddy Soil

HCI solution (0.1 N, 10 mL) was added to paddy soil
(10 g) fortified with metamifop to reach 0.1 and 0.5 mg/kg,
and extracted with acetone (100 mL + 50 mL). After eliminating
acetone with an evaporator under reduced pressure, the
aqueous fraction was loaded on a column packed with 20 g
of Extrelut® resin. After 30 min, the column was eluted with
150 mL ethyl acetate. After solvent was evaporated, the
residue in 2 mL of 10% ethyl acetate in hexane was loaded
on a silica SPE cartridge conditioned with 5 mL hexane. The
elution fraction with 15% ethyl acetate in hexane (10 mL)
was discarded and metamifop was eluted with 10 mL of 30%
ethyl acetate in hexane. After solvent was evaporated with
gentle stream of nitrogen, the residue dissolved in 2 mL
acetonitrile, and analyzed with HPLC.

Rice

Water (10 mL) was added to rice (10 g) sample which was
fortified with metamifop at the concentrations of 0.1 and 0.5
mg/kg and then the sample was extracted with acetone twice
(100 mL + 50 mL) after 1 hr. After removing acetone under
reduced pressure, the residual aqueous fraction was loaded
on a column packed with 20 g of Extrelut® resin. After 30
min, the metamifop was eluted with 150 mL ethyl acetate.
Solvent was evaporated under reduced pressure. The residue
was dissolved in 50 mL acetonitrile which saturated with
hexane and extracted twice with 50 mL hexane which saturated
with acetonitrile. The acetonitrile layer was collected,
evaporated, and dissolved in 2 mL of 10% ethyl acetate in
hexane and loaded on a silica SPE cartridge conditioned with
5 mL of hexane. The elution fraction with 15% ethyl acetate
in hexane (10 mL) was discarded and the metamifop was
eluted with 10 mL of 30% ethyl acetate in hexane. After
solvent was evaporated with gentle stream of nitrogen, the
residue was redissolved in 2 mL acetonitrile and analyzed
with HPLC.
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Results and Discussions

Standard Calibration Curve

The retention time of metamifop on the HPLC operating
under the conditions described in the methods section was
18.8 min, the limit of detection (LOD) was 1.0 ng, and the
calibration curve showed good correlation (R*=0.9999)
linearity from 1.0 ng to 100 ng.

Purification with SPE Cartridge

When metamifop was purified through silica or Florisil®
SPE cartridge, 10 mL of 30% ethyl acetate in hexane from
the silica SPE gave best recovery (103.0%) while 10 mL of
20% ethyl acetate in hexane and 30% ethyl acetate in hexane
from the Florisil® SPE gave 53.4% of recovery and 50.0% of
recovery, respectively (Table 2). Therefore, a silica SPE and
10 mL of 30% ethyl acetate in hexane was selected for
purification of metamifop from various sample matrices.

Table 2. Elution profile of metamifop from SPE

Elution solvent Recovery (%) £ S.D.*
(10mL) Silica SPE Florisil SPE
10 % EA/Hex - -
20 % EA/Hex - -
30 % EA/Hex 103.0+£1.6 534492
40 % EA/Hex - 50.0+9.3
50 % EA/Hex - -
Total 103.0+£1.6 102.4+0.1

*S.D.; Standard deviation

Table 3. Elution profile of metamifop from Extrelut®

Elution solvent (150 mL) Recovery (%) + S.D.*
Ethyl acetate 982+ 1.8
Dichloromethane 88.7t14
Hexane 70.5£2.6

*S.D.; Standard deviation
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Extraction from Extrelut®

Extrelut® column was used for soil and rice in this study
because it is designed as solid phase replacements for
traditional liquid-liquid extractions with a separatory funnel.
It contains specially processed wide-pore diatomaceous
earth, has been used for determination of PAH metabolite
levels in urine collected from workers exposed to PAH
(Grimmer et al., 1993), Organophosphorous insecticide in
vegetable oils (Muccio et al., 2005), methomyl (Ito et al.,
1998), food preservatives (Leuenberger et al., 1979),
morpholine in the human heart and kidney (Kudo et al.,
2006), and terpenes from Ginkgo extract (Pietta et al., 1990).

To check the extraction efficiency of metamifop by
Extrelut® NT resin, metamifop in water was loaded on the
resin and eluted with 150 mL of various organic solvent.
Ninety eight percent, 70.5%, and 88.7% of metamifop was
eluted with ethyl acetate, hexane, and dichloromethane,
respectively. Therefore, ethyl acetate was adequate solvent
for extraction of metamifop by using Extrelut® (Table 3).

Extraction with Liquid-Liquid Partition (LLP)

Metamifop dissolved in water was extracted with various
organic solvents. Metamifop partitioned into organic solvent
well, and saturated sodium chloride solution didn’t improve
extraction efficiency (Table 4). Ethyl acetate was the most
suitable solvent for LLP of metamifop from water.

Partition with Acetonitrile and Hexane

Because fats in high lipid samples such as oil, beans, and
cereals can affect the performance of chromatography, fats
should be removed before analysis. When chemicals are
labile in acidic or alkaline conditions, a nondestructive
method is preferred. Various methods are used such as
solvent partitioning, alkaline treatment (saponification), and
oxidative dehydration with sulfuric acid (Ahmed, 2003;
Garcia-Reyes, 2007) to reduce the fat content in samples.

Table 4. Liquid-liquid partition efficiency of metamifop with various organic solvent

Partition mixture

Extraction solvent Recovery (%) £ S.D.*
Water (mL) NaCl (g)
100 Ethyl acetate 100 mL x 2 98.4£3.0
90 10 Ethyl acetate 100 mL x 2 97.9+2.1
100 Dichloromethane 100 mL x 2 96.5+0.4
90 10 Dichloromethane 100 mL x 2 914+93

Acetonitrile 50 mL Hexane 50 mL x 2

95.1 + 3.3 in acetonitrile

*S.D.; Standard deviation
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Fig. 2. The diagram of metamifop residue analysis from water, paddy soil, and rice

Table 5. Recoveries of metamifop from the developed method

Fortified level Average % 0
(mg/kg) Recovery (%) S.D.* (%)
0.01 91.3 35
Paddy water
0.05 932 6.3
i 0.1 92.7 43
Soil A
0.5 92.5 42
i 0.1 98.9 79
Soil B
0.5 102.3 43
: 0.1 85.0 4.1
Rice
0.5 93.0 74

*S.D.; Standard deviation

Among these methods, only solvent partitioning is a
nondestructive method. Metamifop has an amide part that
can be affected by acidic or basic conditions, so solvent
partitioning was used to remove lipid.

Therefore, partitioning with a mixture of acetonitrile and
hexane was adopted to eliminate the lipid in rice samples in
this study. Most of the metamifop (95.1%) remained in the
actonitrile fraction (Table 4) after fats were removed by
hexane. By combining those steps so far, the residue analysis
scheme for metamifop in paddy water, paddy soil, and rice
with HPLC was established (Fig. 2).

Recoveries of Metamifop from Various Sample Matrices

There were no interfering peaks in water extract (Fig. 3).
The LOD was 1.0 ng, LOQ was 3.0 ng, MLOQ was 0.001
mg/L and recoveries were 91.3 £3.5% and 93.2 + 6.3% at
the fortified level of 0.01 mg/L and 0.05 mg/L, respectively.
(Table 5)
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Fig. 3. Typical chromatogram of metamifop residue analysis
from paddy water. (A); untreated sample, (B); fortified at
0.5 mg/L.

Chromatogram of soil extract was quite clean (Fig. 4). The
LOD was 1.0 ng, LOQ was 3.0 ng, MLOQ was 0.01 mg/kg
and recoveries were 92.7+4.3 and 92.5+4.2% at the
fortified level of 0.1 mg/kg and 0.5 mg/kg, respectively
(Table 5). Celi et al. (1993) described a residue analysis
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Fig. 4. Typical chromatogram of metamifop residue analysis
from paddy soil. (A); untreated soil A sample, (B); fortified at
0.5 mg/kg.
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Fig. 5 Typical chromatogram of metamifop residue analysis
from rice. (A); untreated sample, (B); fortified at 0.5 mg/kg.
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method for the determination of fenoxaprop ethyl and
fenoxaprop in soils using extraction with 0.1 M hydrochloric
acid/methanol, partition with ethyl acetate, and alumina
cartridge clean up. Recovery rates of metamifop from soil
without hydrochloric acid were less than 70% (data not
shown), but adding 0.1 N hydrochloric acid increased
recovery rates to over 90%.

No interfering peaks were observed in rice extract (Fig. 5).
The LOD was 1.0 ng, LOQ was 3.0 ng, MLOQ were 0.001
mg/L for paddy water and 0.01 mg/kg for soil and rice.
Recoveries were 85.0 £ 4.1 and 93.0 £ 7.4% at the fortified
level of 0.1 mg/kg and 0.5 mg/kg, respectively (Table 5).

In conclusion, the sensitive and effective analytical method
of metamifop residue in water, rice, and soil was developed.
This method showed 1.0 ng of LOD, 3.0 ng of LOQ, 0.01
mg/kg of MLOQ, and 85.0 — 102.3% of recoveries from
various samples, indicating the developed method can be
used for routine residue analysis of metamifop.
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