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ABSTRACT

A easy, sensitive and inexpensive method was evtive usage of solid-phase extraction, togetheh viigh

performance liquid chromatographic method with Ustetttion for determination of imazamox and imazayha
residues in soybean oil samples. The evaluated mpaters consist of the extracts vigg@artridge, using
hydrochloric acid, hexane, methanol, methylenerididoand acetonitrile solvents. The method becoesésblished
the use of soybean oil samples spiked with imazamndxmazethapyr at different fortification lev¢ts01 and 0.1
pag/mL). Average recoveries (using each concenmmasix replicates) ranged 87-94%, with relative stard

deviations less than 3%, calibration solutions camtcation in the range 0.01-5.0 pug/mL and limitdwtection

(LOD) and limit of quantification (LOQ) were 0.00@imL and 0.01ug/mL respectively.
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INTRODUCTION

Imazamox is the common call for(x)-2-[4,5-dihydrenethyl-4-(1-methylethyl)-5-0x0-1H-imidazol-2-yl}-5
(methoxymethyl)-three-pyridinecarboxylic acid [Umazamox is a member of theimidazolinone elegante o
herbicides that also consists of imazapic, imazaipyazethapyr, imazame thabenz, and imazaquinmitss used
for control of maximum annual and perennial broaflleeeds and grasses, woody species, and ripandn a
emergent aquatic weed species [2].

Imazamox is formulated each as an acid and asagmoigylamine salt. Uptake of imidazolinone herbésids in
general through the foliage and roots. The herbié&dthen translocated to meristematic tissue (lmudsreas of
boom) by way of the xylem and phloem where it iftisilacetohydroxy acid synthase [AHAS; also knowraesto
lactate synthase (ALS)], an enzyme worried inshie gynthesis of three crucial amino acids (valieagine, and
isoleucine). Those amino acids are required fotgimosynthesis and cell increase. Imazamox as wt réisrupts
protein synthesis and interferes with cellular baord DNA synthesis, inflicting the plant to slovdie. AHAS isn't
present in mammals, birds, fish, or invertebrateging it specially toxic to flora [3,4].

Imazethapyr is an imidazole compound used as &tBaleherbicide. it's miles carried out preplantegrated,
preemergence, at cracking, and postemergence lig].cdmpound controls weeds through decreasingetsedf 3
branched-chain aliphatic amino acids, isoleucieecine and valine, thru the inhibition of acetodoyy acid
synthase, an enzyme commonplace to the biosynthatloway for these amino acids. This inhibitionsmwes a
disruption in protein synthesis which, in turn,uks in interference in DNA synthesis and cellldaom [6,7]. The
compound is used to manipulate grasses and broadleaeeds such as barnyard grass, crabgrass, bockle
panicums, pigweeds, nightshade, mustard, smartwesdetleaf, jimsonweed, foxtails, seedling Johngpwass,
lamb squarters, morning glory and others. Tolevagietation consist of soybeans, peanuts, dry arid e eaten
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beans, peas, alfalfa and imidazolinone resistdet&ot corn [8,9]. Additional research is beingfpaned on other
leguminous vegetation. Imazethapyr comes in aqupaysattention formulations. it is also formulatead can be
blended with different herbicides [10].

Diverse methods had been defined for the deterinmadf those residues, the usage of stable-phaseomi
extraction (SPME) Supercritical fluid extractionHS) and liquid — liquid extraction. However, nateoof the
posted researches so far has reported the simoiiaramalysis of Imazamox and Imazethapyr in soybéan

MATERIALS AND METHODS

Standards, Reagents and samples
The analytical standards of Imazamox (99.5%) anaizbthapyr (98.0%) was obtained from Sigma AldridRLC
grade acetonitrile, orthophosphoric acid and wattame bought from Rankem, Analytical grade sobvét.,
hydrochloric acid, hexane, methanol and methyldnlericle were brought from Merck Limited and soybesh
become bought from local market.

Standard stock solutions

Accurately weighed 9.88 mg of reference analytstahdard of Imazamox in 10ml volumetric flask ainel ¥olume
was brought up to the mark using acetonitrile. AO10mg of reference analytical standard of Imazsthavas
weighed in a different 10ml volumetric flask ance thiolume was brought upto the mark using acettmiamd
stored in a freezer at -18°C. The stock standalatisns were used for up to 3 months. Suitable eatrations of
working standards were prepared from the stockisuisi by dilution using acetonitrile, immediatelyqr to sample
preparation.

Sample preparation
Representative 25 gram portions of soybean oiifiedt with 0.1 mL of working standard solution. Teample was
allowed to stand at room temperature for one huoefigre it was kept at refrigerator condition, uatilalysis.

Extraction procedure

Imazamox

25g of Soyabean oil sample was weighed into a ftgdason jar. 300 mL of extraction solvef#0 ml of 1N
hydrochloric acid mixed with 1560 mL milliQ waten& 2400 mL methanol (40: 60) was added to thepsmand
blended at medium speed for 5 minutes using a mixXdter blending, approximately 5 g of Celite 548V was
added to the extract in the jar and swirled to mixXCelite pad on a 9-cm glass fiber filter papesifioned on a 9-
cm Buchner funnel was made by Using vacuum andOanfl0 filtration flask. The mixture was passed tmh,
forming the pad, and collected the extraction sotuin the flask. A 50% of the extract was paotieed for the
guantification of residues of Imazethapyr. The a@img 50% extract was transferred into a 500-mincbbottom
flask and evaporated the extract to approximatély hL by Using a rotary evaporator. A 250 mL oétane was
added to the extract in the 500-mL round bottorskflthen added approximately 5 g of Celite 545 AW the
extract and swirled to mix. A Celite pad on a 9-glass fiber filter paper positioned on a 9-cm Bwethfunnel was
made by Using vacuum and a 500-mL filtration flaskhe mixture was passed through, forming the e,
collected the acetone in the flask. The filtrates wansferred into a 1000-mL round-bottom flask ewdporated the
acetone on a rotary evaporator to a near dryness.

Partition

The residue was dissolved in 1 mL methanol, swided sonicated. 4.0 mL of 0.05N hydrochloric agas added
and transferred to the 500-mL separating flask. icumd bottom flask was rinsed with 2 x 50 mL ofthydene
chloride, and transferred each rinse to the sanparatory funnel. Partitioned, by shaking vigoroustr
approximately 30 seconds. Drawn off the lower figksne chloride) layer into a 1000-mL round-bottfiask.
Partitioned the upper (aqueous) layer with 3 x B0 methylene chloride, combining the lower (metimgde
chloride) fractions into the 1000-mL round bottolask. Evaporate the combined methylene chlorideaetd to
dryness using a rotary evaporator. Redissolveddsidues in 2 mL of methanol followed by 50 mL oétonitrile,
sonicated for approximately 30 seconds, and potlrednixture into a 250-mL separatory funnel. Rittse 1000-
mL round-bottom flask with 50 mL of hexane and cimebwith the methanol-acetonitrile mixture in th802mL
separatory funnel.

Partitioned by shaking vigorously for approximat8ly seconds. Allowed the layers to separate, dnawn off the
lower (acetonitrile) layer into a 250-mL round-tmott flask. Discarded the upper (hexane) layer. Bratpd the
acetonitrile to dryness using a rotary evapordedissolved the residue in 15 mL of 0.05 N hydrodhblacid and
sonicated for approximately 30 seconds for solidgghextraction cleanup.
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Solid Phase Extraction Clean-up

A C-18 cartridge (500 mg/3mL tube) was preparedising a Vac-Elut Processing Station and minimablat by
washing the cartridge with 3 mL of methanol follavby full-column volumes (approx. 3 mL each) of ®.N
hydrochloric acid. A 75-mL disposable, fritted eesir onto the top of the conditioned C-18 cagedwas
assembled by using an adapter. Passed the exwactlirough the C-18 cartridge at the rate of apipnately 2-3
drops per second. Discarded the eluate. Rinse?afenL round-bottom flask, reservoir, and C-18ridge with a
single 5-mL portion of 0.05 N hydrochloric acid,ssang the rinse through the cartridge at the satgpproximately
1 drop per second. Discarded the eluate. Remdweedeservoir and adapter and washed the C-18dgetivith 4
full column volumes of 0.05 N hydrochloric acid the rate of approximately 1 drop per second. Dised the
eulate. Removed the C-18 cartridge. PreparedS@X cartridges (1000 mg/6 mL tube) using a vacuym b
washing each with 5 mL of hexane, 5 mL of methama 2 x 5 mL of 1 N hydrochloric acid. Connected €-18
cartridge onto the top of the two (in tandem) SCafttridges. Detached and discarded the C-18 caetridgd
connected a 30-mL disposable syringe (plunger reaipento the top of the tandem SCX cartridges. Wdghe
tandem cartridges with 5 mL of methanol at a rdtemproximately 1 drop per second. Discarded thmatel
Removed the SCX cartridges. Added 30 mL of satdraotassium chloride-methanol to the syringeindJ¢he
syringe plunger, eluted the SCX tandem cartridggesy directly into a 100-mL round-bottom flask. Reeated the
saturated potassium chloride-methanol eluate toedy using a rotary evaporator. Dissolved the wesid 1 mL of
methanol, sonicated for approximately 30 secorfusn tadded 4 mL of 0.05 N hydrochloric acid. Swirkend
transferred the solution into a 250-mL separatanngél.

Added an additional 3 mL of 0.05N hydrochloric atidthe 100-mL round-bottom flask, swirled and sfenred to
the separatory funnel. Rinsed the round-bottoskflaith 2 x 50 mL of methylene chloride, swirleddanansferred
into the separatory funnel. Partitioned, shakingoxously for approximately 30 seconds. Drawn off tbhwer
(methylene chloride) layer into a 1000-mL roundtbot flask. Partitioned the upper (aqueous) layith & x 100
mL of methylene chloride, combining the lower (myg¢ime chloride) layers in the 1000-mL round bottBask.

Evaporated the combined methylene chloride frasttordryness using a rotary evaporator. Dissolliedésidue in
1 mL of methanol, sonicated for approximately 36osels, then added 4 mL of methylene chloride, sdidnd
transferred into the separatory funnel. Added 1@0afnmethylation reagent to the solution in the 460 round-

bottom flask, and evaporate to dryness. Add an®BenL of methanol to the 100-mL round-bottom flaakd re-
evaporate to dryness and dissolved the residugitibde volume of methanol.

Imazethapyr

Partition

The extract was adjusted to pH 2 by addition of 1H@I and it was transferred to 500 ml separatingnéi,
partitioned with 100 ml of methylene chloride tleric The methylene chloride layer was collected @ndas
partitioned with 200 ml of pH9 buffer. The aquegqimase was collected and adjusted to pH 2 by usikgHCI.
Again pH 2 solution was partitioned with 100 mlraethylene chloride thrice. The methylene chloriggel was
collected and evaporated to dryness in a rotarywmacevaporator. The residue was dissolved infdeiteolume of
methanol. The methanol solution was made up watilldid water in a 25 ml volumetric flask.

Column clean up

The quaternary ammonium amine ion exchange solis@lextraction column was eluted with 10 ml of ranth
and 10 ml of distilled water. The aqueous methaaohple solution was passed through the columrtfenéluant
was collected in a 50 ml beaker. The solution pid adjusted to 2 with 1 M HCI. The pH solution piéstied with
100 ml of methylene chloride thrice in a separatfngnel. The methylene chloride layer was collectetl
evaporated to dryness in a rotary evaporator. résilue was taken in a suitable volume of aceitmitr

Residues of imazamox in methanol and imazethapwcatonitrile were combined together in a rounddroed
flask, evaporated to near dryness in a rotary engdpn the residue reconstituted with suitable w@uwf acetonitrile
for HPLC analysis.

Instrumentation

HPLC-PDA separation parameters

The HPLC-UV system used, consisted shimadzu higfopeance liquid chromatography with LC- 20AT pump
and SPD-20A interfaced with LC solution softwarguipped with a reversed phase C18 analyticalnonlof 250
mm x 4.6 mm and particle size 5 um (Phenomenex {G4#) Column temperature was maintained at 30t@ T
injected sample volume was 10uL. Mobile Phases d\Bamas Acetonitrile and 0.1% ortho phosphoric d8@:70
(v/v)). The flow- rate used was kept at 1.2 mL/nfindetector wavelength was 254 nm.
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Method validation

Method validation ensures analysis credibilitythis study, the parameters accuracy, precisiopatity and limits
of detection (LOD) and quantification (LOQ) werensa@ered. The accuracy of the method was deterntiyed
recovery tests, using samples spiked at concemtrégivels of 0.01 and 0.1 pg/mL. Linearity was deiaed by
different known concentrations (0.01, 0.05 0.1, @.B and 5.0 pg/mL) were prepared by dilutingdtoek solution.
The limit of detection (LOD, pg/mL) was determinas the lowest concentration giving a response trh8s the
baseline noise defined from the analysis of confuatreated) sample. The limit of quantificationO@, png/mL)
was determined as the lowest concentration of @agiungicide giving a response of 10 times the Ipeseaoise.

RESULTS AND DISCUSSION

Specificity

Aliquots of imazamox and imazethapyr samples, cbréample solution, extracted solvents and mobiasp
solvents were assayed to check the specificityrd agere no matrix peaks in the chromatograms terfiete with
the analysis of residues shown Figure 1 and 2).Furthermore, the retention time of imazamox andzethapyr
were 5.3 min and 8.9 min (Approximately).
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Figure.2. Representative Chromatogram at fortificaton level of 0.01 pg/mL

Calibration Details

Preparation of Stock solution of reference analytial standard

Accurately weighed 9.88 mg of reference analytstahdard of Imazamox in 10ml volumetric flask ane volume
was brought upto the mark using acetonitrile. AO10mg of reference analytical standard of Imazethayas
weighed in a different 20ml volumetric flask ané #olume was brought upto the mark using acetdmitri

Preparation of Calibration solutions

Mixture of different known concentrations of Imazaxrand Imazethapyr (5 - 0.01 pg/mL) were prepanetiGml
acetonitrile by diluting the stock solution. Injed the standard solutions and measured the peakArcalibration
curve has been plotted for concentration of thadaeds injected versus area observed and the itinesdrthe
method was determined from the correlation coedffit{11]. Results are presentedTiable 1 Calibration curve
was presented irfF{gure 3).
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Table 1.Serial dilutions of linearity standard solutions

Concentration Peak area (uV-sec)
(ng/mL) Imazamox Imazethapyr
0.01 121 152
0.05 585 663
0.1 1085 1253
0.5 5443 6224
1 10632 11446
5 50668 61628
70000 -

y = 12323x - 117.92
60000 4 R =0.9938

50000 |

& 40000 3 10100 + 201.17
2 Be=0.9999
: 30000 | i
2 20000
< —&— imazethapyr

10000 -

0 -
0 1 2 3 4 5 8

Concentration(pg/mL)

Figure.3. Representative Calibration Curve of Imazanox and Imazethapyr

Recovery-Limit of Determination (LOQ)

Recovery studies in Soyabean oil was conducted ditifying different concentrations of Imazamox and
Imazethapyr standards in the range (0.01 - 0.1 Wg/mhe samples were homogenized, extracted aatysed for
residue content, as described in the method of/sisal

The average percent recovery for Imazamox in Sayalm was 87+2.05 at 0.01 pg/mL fortification |éwsnd
93+1.63 at 0.1 pg/mL fortification levels, respeety.

The Imazethapyr has the recovery percentage 8944t. D301 pg/mL fortification level and 94+1.60af Qug/mL
fortification levels, respectively in Soyabean oil.he method has a limit of determination 0.01npig(LOQ) [12].

Storage Stability

A storage stability study was conducted at -20°@hvoyabean samples spiked with 0.1 ppm of Imazaamak
Imazethapyr Samples were stored for a period af83® at this temperature. Analysed for the cort&hnazamox
and Imazethapyr before storing and at the endarvhge period. The percentage of dissipation oleseduring
above storage period was only 4% showing for bothzamox and Imazethapyr no significant loss ofdress on
storage. Results are presentedatble 2

Table 2.Storage stability Details

i 0,
Fortified concentration (ppm) Storﬁggyz;erlod Replication Imazanfgfoverli/n;/zo()ethapyr
R1 93 92
0 R2 94 93
R3 92 95
01 Mean + S.D 93+1.17 94+1.50
' R1 88 91
R2 89 89
30 R3 90 88
Mean * S.D 89+1.00 90+1.22

Calculations

The concentration of acetaminophen in the sampia/zed by HPLC was determined directly from thendard
curve.

Y=mx+c

Where,
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Y = peak area of standard (uV*sec)

m = the slope of the line from the calibration @irv
X = concentration of injected sample (mg/L)

¢ = 'y’ intercept of the calibration curve

The recovered concentration or Dose concentratasaalculated by using the formula:

(x-c) X D X 100
Recovered concentration or Dose concentration-——=

m X P
Where,
m = the slope of the line from the calibration @urv
x = sample area of injected sample (uV*sec)
¢ = 'y’ intercept of the calibration curve
D = Dilution Factor
P = Purity of Test item
Recovered Concentration
% Recovery = - - x 100
Fortified Concentration
CONCLUSION

This paper describes a fast, simple sensitive #inalynethod based on HPLC-UV to determine the kmaax and
Imazethapyr residues in soybean oil. The SPE didraprocedure is very simple and inexpensive nebtfoy
determination Imazamox and Imazethapyr residuesojiean oil. The mobile phase Acetonitrile and®drtho
phosphoric acid showed good separation and resoland the analysis time required for the chronajaigjc
determination of the sugarcane juice is very sfadund 15 min for a chromatographic run).

Satisfactory validation parameters such as lingarécovery, precision and LOQ were establisheddipwing
South African National Civic Organization (SANCQJidelines [10]. Therefore, the proposed analytpralcedure
could be useful for regular monitoring, residuesladnd research scholars to determine the Imazamdx a
Imazethapyr residues in different commodities ¢guiseed, oil, fruit, and water and soil samples.
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