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ABSTRACT

A RP-HPLC and an UV Spectrophotometric assay method were devel oped
and validated for quantitative determination of metribuzin in formulation
Tata metri. The chromatography was carried out on awaters symmetry C8
(150 mm x 4.6 m, 5 um) column with potassium dihydrogen orthophosphate
and acetonitrile (60:40 v/v) asmobile phase at 297 nm detector wave length.
The UV method was performed at 297 nm using methanol as solvent. The
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linearity was established in the range of 2 to 12 pg/ml and 5 to 50 ug/ml for
HPLC and UV method respectively. The HPLC method was accurate and
precisefor theformulation 99.38 to 100.79%. The UV method al so correl ated
well with HPL C for the analysis of metribuzinin itsformulation.
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INTRODUCTION

Pesticideshave been used extensively asastrategy
toimproveagricultura productivity, but their use causes
environmenta and toxicologicd risksand groundwater
contamination by herbicides has been amagjor concern
inrecent years. Metribuzinisavailableintheform of
liquid suspensions, water dispersiblegranules, and dry
flowableformulationg 2. Metribuzinwasregistered as
a pesticide for the first time in the N.S in 1973,
Metribuzin (4-amino-6-tert-butyl-3-methylthio-1,2,4-
triazin-6(4H)-one belongsto the class of triazinesthat
are widely used for weed control. It is a selective
triazinonethat inhibits photosynthesisand isused for
the pre- and post-emergence control of many grasses
and broad-|eaved weedsin soybeans, potatoes, toma-
toes, sugarcane, afalfa, asparagus, maizeand cereds
at 0.07-1.05kgactivein gradient (a.i)/hd®. Metribuzin

isgpplied by variousmethodsind udingaerid and ground
applicationsand chemigationt®. Metribuzinisweakly
sorbed to soil therefore, leaches easily to lower soil
profiles. Itspersistencein the soil varies between 80
and 90 dayd”. Ingenerad, metribuzinisreatively mo-
bilein sandy and mineral soil butimmobileinsoil with
high organic matter’®. Itisdightly toxicviatheora route,
with reported oral LD, , valuesof 1090-2300 mgkg™*
inratg?.

Andysisof metribuzinhasmainly been accomplished
by different chromatographic methods such asliquid
chromatography!®12, gaschromatography*, micdlar
el ectrokinetic chromatography!', Solid phase extrac-
tion and sampl e stacking-micellar el ectrokinetic capil-
lary chromatography!*®, capillary gas chromatogra-
phy!*¥l, capillary zone el ectrophoresis®, molecularly
imprinted polymer2Y, Polarography and voltammetry
have been used to investigate the mechanismsof e ec-
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trochemicd reduction’?24, and photochemical degra-
dation?* I of the related herbicide metamitron. Only
onework? has described the € ectrochemical reduc-
tion of metribuzinin 30% v/v acetonitrile-water solu-
tion. Although DPP has been used for the determina-
tionof metribuzinin soil?, high performanceliquid chro-
matography HPL C2¢3% and Thin layer chromatogra-
phy TLCEY methodswere morefrequently employed
for theanays sof metribuzin and itsmetabolitesin dif-
ferent metrices.

The processof reduction and e ectroanaytical de-
termination of metribuzin has been studied by polaro-
graphic techniques®- 32, Only one spectrophotometric
method for the determination of metribuzin wasre-
ported=,

There is however no reported HPLC and UV
method for theandysisof metribuzininitsformulations
Thispaper describesavalidated HPLC & UV spec-
trophotometry method for the quantitative determina-
tion of metribuzininitsformulation.

The proposed HPLC and UV spectrophotometry
method fulfilled therequirementsof anaytica param-
etersnecessary to be applied to the content uniformity
testsfor finished formulated productsin the study and
hence can be successfully applied for routine quality
control.

MATERIALSAND METHODS

Standard metribuzin waskindly supplied by Tata,
Mumbai, India. Acetonitrile (HPLC grade), Potassum
dihydrogen orthophosphate (HPLC grade) were pur-
chased from SD finechem., Mumbai, India. Tripledis-
tilled water used for HPLC and UV method respec-
tively. Formulated product of metribuzin was purchased
fromloca market (TataMetri).

Analytical conditions

TheHPLC method was performed on aShimadzu
system equipped with LC-20ATV pump, SPD-20AVP
UV detector, and Rheodyneinjector systemfitted with
20 pul loop. TheHPLC analysiswas performed onre-
versaed phase high-performanceliquid chromatographic
systemwithisocratic € ution modeusingamobilephase
of acetonitrile buffer (40:60 v/v) onwater symmetry
C8 column (150 mmx 4.6 mm, 5 um particlesize) with

—= Fyll Paper

1 ml/min flow rate at 297 nm using UV detector.
Spinchrom 21 CFR software was used for the data
interpretation. The UV spectro method was performed
on aUV-visible spectrophotometry (117 systronics)
using 1 cmquartz cels(systronics), systronicssoftware
was used for absorbance measurements. The UV spec-
trophotometric method was performed at 297 nm us-
ing methanol assolvent for the preparation of standard
and samplesolutions.

Prepar ation of standard solutions

HPL C method

10 mg of accurately weighed standard metribuzin
was dissolved and made upto mark with methanol ina
50 ml volumetricflask to get primary stock solution of
200 pg/ml. Serid dilutionsweremadeto obtain, 2, 4,
6, 8, 10, 12 ng/ml using mobile phase. All solutions
werefiltered through 0.45 p membranefilter prior to
use.

UV method

About 100 mg of accurately weighed standard
metribuzin puredissolvedin 50 ml of methanol and made
upto mark with methanol solution, in 200 ml volumetric
flask, to giveprimary (stock solution a) of 200 mg/ml
from the above stock solution 10 ml of diquot waspi-
pette out in 100 ml volumetric flask and the volume
was made up to mark with methanol to obtainthefind
concentration of 100 ug/ml (stock solution b).

Prepar ation of thesample solutions
HPL C method

The powder equivaent to 10 mg of formulated
metribuzin (TataMetri), was accurately weighed and
transferredinto a50 volumetricflask. Thissolutionwas
filtered through 0.45 p membranefilter and diluted suit-
ably using mobile phaseto obtain 200 g/ml solution.

UV method

The powder equivaent to 100 mg of metribuzin
was accurately weighed and transferred intoa 100 ml
volumetricflask. Tothis50 ml of methanol solutionwas
added and solicited for 10 minwith occasiond shaking
to disperseand dissol vethe contents. Thevolumewas
made upto 100 ml with methanol solutionto give 1000
ug/ml of metribuzin solution. Thissolutionwasfiltered
through 0.45 p membranefitesand further diluted with
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methanol solutionto give 100 ug/ml.

Method validation

Themethodswerevaidated accordingtointerna
tional conference on Harmonisation (ICH) guidelines
for validation of anaytical procedures™s 4.

Linearity

Six concentrations of the standard solutionsin 2-
12 ng/ml range wereanalyzed by HPLC. Calibration
curveswere constructed by plotting average peak ar-
easversusconcentrations (Figure 1). 8 concentrations
of thestandard solutionsintherange of 5-50 g/ml were
andyzed for UV method. Cdibration curveswere con-
structed by plotting average absorbance versus con-
centrations (Figure2). Linearity wasdetermined by re-
gression equationsfor both methods. This experiment
wasrepeated six timesfor both methods.
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Figurel: Calibration curvefor metribuzin (for HPL C M ethod)
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Figure 2 : UV Calibration curve for Metribuzin for (UV
Method)

Precision

Repesatability wasevd uated by andyzing fiveinde-
pendent metribuzin standard solutions (10 ug/ml for
HPLC method and 50 ug/ml for UV method). Thein-
termediate precision was eva uated on threeindepen-
dent metribuzin standard sol utionsper day for threedif-
ferent days(TABLE 1).

Accuracy (by standar d addition method)

For the HPLC method, an accurately weighed
amount of powder (formulation) equivalent to 10 mg
of metribuzin wastransferred to 50 ml volumetric
flask diluteto volumewith mobilephase. Aliquots of
4,5, 6 ml of metribuzin standard solution (200 pg/
ml) and transferred to 100 ml volumetric flask and
dilute to 100 ml with mobile phase and to make up
togiveafinal concentration 9, 11, 13 ug/ml. For the
UV method, an accurately weighed amount of for-
mulated powder equivalent to 100 mg of metribuzin
wastransferred to 100 ml volumetric flask and dis-
solved inmethanol . Aliquots of 10 ml of thissolution
weretransferred into 100 ml volumetric flask and
made upto mark with methanol and givefinal con-
centration 20, 40, 60 png/ml. All solutions were pre-
pared intriplicate and assayed. The percent recov-
ery of added metribuzin standard was cal cul ated
(TABLE 2).

Limit of detection (L OD) and limit of quantifica-
tion (LOQ)

The parameters LOD and LOQ were determined
usingsignd to noiseratio.

TABLE 2: Accuracy test resultsfor metribuzin formulation
byHPLCand UV.

Conc.
0,

Method Product pest?fcide foundin  Be. D RSD
added po/ml  covery* %) (%)

(ng/ml)
Tatametri 9 9.09 100.79 0.045 0.501
HPLC Tatametri 11 10.95 99.55 0.017 0.157
Tatametri 13 12.92 99.38 0.117 0.1%4
Tatametri 20 20.10 100.50 0.026 0.131
UV  Tatametri 40 3998 99.95 0.017 0.042
Tatametri 60 59.99  99.98 10.022 0.037

* Average of 3 determinations.
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TABLE 1: Regression analysisand system suitability par ameter sfor thequantification of metribuzin by HPL C and UV

Parameter HPLC Method Parameter UV Method
Retention time (t) min 4.177 Amax (NM) 297
Linearity range(ng/ml) 2-12 Beer’s Law Limits (ug/ml) 5-50
Theoretical Plates (n) 9711.00
Plates Per meter (N) 64740 Molar absorptivity (L mole* cm™) 0.248x10"
Height equivalent to theoretical plate (HETP) 0.015 Sandell’s sensitivity (ug/cm?/0.001 absorbance unit) 0.086
Peak asymmetry 0.0019
Regression equation (y=a+bc) Regression equation (y=at+bc)
slope (b) 15.727 Slope (b) 0.0143
Intercept (a) 8.203 Intercept (a) 0.0039
Standard deviation (SD) 0.0088 Standard deviation (SD) 0.0017
Correlation coefficient (%) 0.9998 Correlation coefficient (%) 0.9995
Relative Standard deviation* (%RSD) 0.21 % Relative Standard deviation* (RSD) 123
Intermediate Precision** (% RSD) 0.23 Intermediate Precision** (% RSD) 1.22
LOD (ug/ml) 0.137 LOD (ug/ml) 0.356
LOQ (ng/ml) 0.428 LOQ (ug/ml) 1.188
Percentage of Errors (Confidence Limits)
0.05 level +0.983 0.05 level +0.00178
0.01 level +1.542 0.01 level +0.00278
RSD of 6 independent determinations in a day
**RSD of 9 independent determinants (3 independent samples per day for 3 days).
TABLE 3: Sability of the standar d samplesolutionsof metribuzin
RP-HPL C Method UV Method
Time Standard Solution Sample Solution Standard Solution Sample Solution
interval "Recovery  Difference Recovery  Difference  Recovery Difference  Recovery  Difference
(%)~ (%) (%) (%) (%) (%) (%) (%)

Ohr 100.00 -- 100.00 -- 100.00 -- 100.00 --

24 hr 100.11 -0.11 100.21 -0.21 99.52 0.48 99.00 1.00

48 hr 99.94 0.06 99.82 0.18 98.55 1.45 98.25 1.75

* Average of 3 determinations.
Sability of standard and samplesolution

Thestandard solution of metribuzin (200 ug/ml for
HPLC method and 100 ug/ml for UV method) and
samplesolution of metribuzin formulations (200 ug/mi
for HPLC method and 100 ug/ml for UV method) were
prepared intriplicate and analyzed after 48 hrsby stor-
ing the solutions at room temperature (TABLE 3).

Analysisof metribuzin formulation by RP-HPLC
and UV methods

Metribuzinformulated form (TataMetri) wasana
lyzed by optimized RP-HPL C method. The product
was andyzed by six independent determinations. The
same product was analyzed by optimized UV method
with six independent determinations.

RESULTSAND DISCUSSION

Optimization of HPL C method

Optimization of mobile phasewas performed based
on peak symmetric, peak width and runtime. Themo-
bile phase of buffer and acetonitrile (60:40 v/v) was
found to be satisfactory. The Figure 3 showstypical
chromatogram obtai ned from the standard sol ution of
metrobuzin using the proposed method. Theretention
time observed (4.177 min) permit arapid determina-
tion of thepeticide, whichisimportant for routineanday-
ss. System suitability parametersfor thismethod are
reported inTABLE 1. The parameterswerewithinthe
acceptancelimits.
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Figure3: Chromatogramsof Sandard M etribuzin
Validation of HPL C method

The described reversed phase HPL C method was
found to be specific for metribuzin as noneof the ex-
cpientsinterfered with theestimation of metribuzin. The
method wasfound linear over therangeof 0.2-12 (ug/
ml) (Figure1). The LOD and LOQ werefound to be
0.137 pug/ml and 0.4280 ng/ml, respectively indicating
high sensitivity of the method. Theresultsfor accuracy
and precision are summarizedin TABLE (1) and (2).
Theresultsof recovery studiesindicateahigh agree-
ment between thetrue value and theestimated val ue.

Validation of UV method

Theproposed UV spectrophotometric method was
found to bespecificfor andysisof metribuzininitsfor-
mulation asno interference was observed at 297 nm
shownin Figure4. The UV method hence permitsa
rgpid and economica quantification of metribuzininfor-
mulation.

Thecdibration curveswereconstructedintherange
of 5to 50 ug/ml (Figure 2). Beer’s law was obeyed
over thisconcentration range. TheLOD and LOQwere
foundtobe0.356, 1.188. Therepeatability was 1.23
and 1.22 respectively, demonstrating high precision of
the method. The accuracy of the proposed method by
standard addition method was determined formul ations
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Figure4: UV Scan for sandard M etribuzin
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and the mean recovery was found to be 100.50%
(TABLE 2). The standard and sample solutionswere
stablefor 48 hrs (TABLE 3).

Assay of marketed metribuzin formulations

Results of assay on formul ations of metribuzin by
proposed HPLC and UV method is reported in
TABLE-4. The assay results of proposed RP-HPLC
and UV methodswere compared using student’st-test
doesnot reveal significant difference betweenthe ex-
perimenta valuesobtained inthe standard and sample
analysisby thetwo methods.

CONCLUSIONS

TheHPLC and UV methodsfor thedetermination

TABLE 4: Assay resultsof marketed metribuzin formulation by HPLC & UV.

HPLC Method UV Method
Formulation name  Sample conc. Sample conc.
labeled amountinmg  found in Ref(;‘)’)er Y sp) %;:’[)’ found in Ref(;‘)’)er Y SD(%) RSD(%)
(g/mb)* (g/mi)*
70.12 100.17 0.37 0.53 69.32 99.02 0.31 0.44
70.14 100.20 0.38 054 69.80 99.71 0.30 0.44
Tata metri 70% wet. 71.10 101.57 0.42 0.59 68.48 98.28 0.39 0.57
table powder 69.89 99.84 0.50 0.72 70.10 100.14 0.23 0.32
69.74 99.62 0.28 041 69.86 99.80 0.42 0.61
69.94 99.91 0.37 054 69.54 99.34 0.33 0.48

* Average of 3 determinations.
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of metribuzininitsformulationwasfoundtobesmple,
rapid, precise, accurate and sensitive. A good agree-
ment was observed between HPLC and UV method.
Thevalidated HPLC and UV methods can be used for
the pesticideandysisinroutinequality control for bulk
andformulations.

REFERENCES

[1] A.M.Melo, |.B.Valentim, M.O.F.Goulast,
F.C.Abreu; J.Braz.Chem.Soc., 19, 704 (2008).

[2] A.Arranz, M.FVillaba, S.F.Betono, JM.Moreda,
JFArranz;, Fresenius.J.Chem., 357, 768 (1997).

[3] M.Anderson R.Magleby; Agricultural Resources
and Environmental Indicators, 1996-97. USDA Eco-
nomic Research Service Agricultural Hand Book
No.712 Washington DC, 116-134, (1997).

[4] M.F.Cabral, D.Souza, C.R.Alves, S.A.S.Machado;
Eclet.Quim., 28, 2 (2003).

[5] J.F.H.Perez, M.O.lruela, A.M.G.Compana,
G.Casado, A.S.Navarro; J.Chromatog.A., 1102, 280
(2006).

[6] J.F.Fairchild, L.C.Sappington; Archives of
Environment Contamination and Toxicology, 43,
198-202 (2002).

[7] N.E.Mondy, C.Y.B.Munshi; J.Food Sci., 53, 475-
476 (1998).

[8] D.D.Kaufman, PC.Kearney; Herbicides : Chem-
istry Degradation and M ode of Action, Second Edi-
tion, CRC Press, Taylor & Francis Group, (1988).

[9] H.Kidd, D.R. James; (Eds). The Argrochemicals
Hand Book, Third Edition, Royal Society of Chem-
istry Information Services, Cambridge, UK, (1991).

[10] E.N.Papadakis, E.PMourkidou; J.Chromatogr.A.,
962, 9-20 (2002).

[11] N.R.Erenchun, M.A.Goicolea, Z.G.Balugera,
M.J.Portela, R.J.Barrio; J.Chromatogr.A., 763,
227-235 (1997).

[12] J.F.Lawrence, C.Menard, M.C.Hennain, V.Pichov,
F.LeGoffic, N.Durand; J.Chromatogra.A., 752,
147-154 (1996).

[13] H.J.Jarczyk; Pflanzenschutz-Nachr., 31, 84-97
(1978).

—— Fyll Peper

[14] H.J.Jarczyk; Pflanzenschutz-Nachr., 36, 63-72
(1983).

[15] W.R.Betker; J. Assoc.Off.Anal.Chem. 67, 840-843
(1984).

[16] N.T.Basta, A.Olness; J.Environ.Qual., 21, 497-502
(1992).

[17] J.FHuertas-Perez, M.O.lruela, A.M.G.Campana,
A.G.Casado, A.S.Navarro; J.Chromatogr.A., 1102,
280-286 (2006).

[18] R.C.Martinez, E.R.Gonzalo, PR.Ruiz, J.D.Alvarez,
J.Chromatogra.A., 990, 291-302 (2003).

[19] J.Beltran, F.J.Lopez, M.Forcada, F.Hernandez;
Ana.Chem.Acta., 356, 125-133 (1997).

[20] C.Q.Malina, A.M.G.Campana, L.O.Iruela, M.OImo;
J.Chromatogr.A., 1164, 320-328 (2007).

[21] F.Breton, P.Euzet, S.A.Piletsky, M.T.Giardi,
R.Rouillon; Anal.Chim.Acta., 569(1-2), 50-57
(2006).

[22] C.Olmedo, L.Deban; D.Vanquez, R.Pardo,
S.Pamero; Electroanalysis 6, 694-702 (1994).

[23] J.Ludvik, F.Riedl, F.Liska, P.Zuman;
J.Electroanal.Chem., 457, 177-190 (1998).

[24] C.Olmedo, L.Deban, E.Barrado, Y.Castrillgjo,
L.Herrero; Electrochim.Acta., 39, 2237-2241 (1994).

[25] J.Cacho, |.Fierro, L.Deban, M.Vega, R.Pardo;
Pestic.Sci., 55, 949-954 (1999).

[26] J.Ludvik, F.Riedl, F.Liska,
Electroanalysis., 10, 869-876 (1998).

[27] E.Calleja Portillo, R.Barrio Diez-Cabellero,
A.Arranz Garcia, J.FArranz Va entin; Afinidad., 44,
301-304 (1987).

[28] M.J.M.WEells, D.D.Riemer, M.C.Well-Knecht;
J.Chromatogr.A., 659, 337-348 (1994).

[29] C.E.Parker, GH.Degen, E.O.Abusteit, F.T.Corbin;
J.Lig.Chromatogr., 6, 725-742 (1983).

[30] C.E.Parker, A.V.Geeson, D.E.Games, E.D.Ramsey,
E.O.Abusteit, F.T.Corbin, K.B.Tomer;
J.Chromatogr., 438, 359-367 (1988).

[31] R.M.Johnson, A.B.Pepperman; J.Lig.Chromatogr.,
18, 739-753 (1995).

[32] J.Skopalova, K.Lumr, M.Kotoacek, L.Cap;
Fresenius J.Chem., 370, 963 (2001).

[33] Jasmin Shah, M.Rasul Jan, Behisht Ara, Mian
Mohammad; Journal of Hazardous Materials 164,
918-922 (2009).

P.Zuman;

—— a%a['yttaa[’ CHEMISTRY
A ndian W



