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INTRODUCTION

Pesticides have been used extensively as a strategy
to improve agricultural productivity, but their use causes
environmental and toxicological risks and groundwater
contamination by herbicides has been a major concern
in recent years. Metribuzin is available in the form of
liquid suspensions, water dispersible granules, and dry
flowable formulations[1, 2]. Metribuzin was registered as
a pesticide for the first time in the N.S in 1973[3].
Metribuzin (4-amino-6-tert-butyl-3-methylthio-1,2,4-
triazin-6(4H)-one belongs to the class of triazines that
are widely used for weed control[4]. It is a selective
triazinone that inhibits photosynthesis and is used for
the pre- and post-emergence control of many grasses
and broad-leaved weeds in soybeans, potatoes, toma-
toes, sugarcane, alfalfa, asparagus, maize and cereals
at 0.07-1.05 kg active in gradient (a.i)/ha[5]. Metribuzin
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is applied by various methods including aerial and ground
applications and chemigation[6]. Metribuzin is weakly
sorbed to soil therefore, leaches easily to lower soil
profiles. Its persistence in the soil varies between 80
and 90 days[7]. In general, metribuzin is relatively mo-
bile in sandy and mineral soil but immobile in soil with
high organic matter[8]. It is slightly toxic via the oral route,
with reported oral LD

50
 values of 1090-2300 mgkg-1

in rats[9].
Analysis of metribuzin has mainly been accomplished

by different chromatographic methods such as liquid
chromatography[10-12], gas chromatography[13-16], micellar
electrokinetic chromatography[17], Solid phase extrac-
tion and sample stacking-micellar electrokinetic capil-
lary chromatography[18], capillary gas chromatogra-
phy[19], capillary zone electrophoresis[20], molecularly
imprinted polymer[21]. Polarography and voltammetry
have been used to investigate the mechanisms of elec-
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ABSTRACT

A RP-HPLC and an UV Spectrophotometric assay method were developed
and validated for quantitative determination of metribuzin in formulation
Tata metri. The chromatography was carried out on a waters symmetry C8
(150 mm x 4.6 m, 5 m) column with potassium dihydrogen orthophosphate
and acetonitrile (60:40 v/v) as mobile phase at 297 nm detector wave length.
The UV method was performed at 297 nm using methanol as solvent. The
linearity was established in the range of 2 to 12 g/ml and 5 to 50 g/ml for
HPLC and UV method respectively. The HPLC method was accurate and
precise for the formulation 99.38 to 100.79%. The UV method also correlated
well with HPLC for the analysis of metribuzin in its formulation.
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trochemical reduction[22-24], and photochemical degra-
dation[24, 25] of the related herbicide metamitron. Only
one work[26] has described the electrochemical reduc-
tion of metribuzin in 30% v/v acetonitrile-water solu-
tion. Although DPP has been used for the determina-
tion of metribuzin in soil[27], high performance liquid chro-
matography HPLC[28-30] and Thin layer chromatogra-
phy TLC[31] methods were more frequently employed
for the analysis of metribuzin and its metabolites in dif-
ferent metrices.

The process of reduction and electroanalytical de-
termination of metribuzin has been studied by polaro-
graphic techniques[31, 32]. Only one spectrophotometric
method for the determination of metribuzin was re-
ported[33].

There is however no reported HPLC and UV
method for the analysis of metribuzin in its formulations.
This paper describes a validated HPLC & UV spec-
trophotometry method for the quantitative determina-
tion of metribuzin in its formulation.

The proposed HPLC and UV spectrophotometry
method fulfilled the requirements of analytical param-
eters necessary to be applied to the content uniformity
tests for finished formulated products in the study and
hence can be successfully applied for routine quality
control.

MATERIALS AND METHODS

Standard metribuzin was kindly supplied by Tata,
Mumbai, India. Acetonitrile (HPLC grade), Potassium
dihydrogen orthophosphate (HPLC grade) were pur-
chased from SD fine chem., Mumbai, India. Triple dis-
tilled water used for HPLC and UV method respec-
tively. Formulated product of metribuzin was purchased
from local market (Tata Metri).

Analytical conditions

The HPLC method was performed on a Shimadzu
system equipped with LC-20 ATV pump, SPD-20 AVP
UV detector, and Rheodyne injector system fitted with
20 l loop. The HPLC analysis was performed on re-
versed phase high-performance liquid chromatographic
system with isocratic elution mode using a mobile phase
of acetonitrile buffer (40:60 v/v) on water symmetry
C8 column (150 mm x 4.6 mm, 5 m particle size) with

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 a UV-visible spectrophotometry (117 systronics)
using 1 cm quartz cells (systronics), systronics software
was used for absorbance measurements. The UV spec-
trophotometric method was performed at 297 nm us-
ing methanol as solvent for the preparation of standard
and sample solutions.

Preparation of standard solutions

HPLC method

10 mg of accurately weighed standard metribuzin
was dissolved and made upto mark with methanol in a
50 ml volumetric flask to get primary stock solution of
200 g/ml. Serial dilutions were made to obtain, 2, 4,
6, 8, 10, 12 g/ml using mobile phase. All solutions
were filtered through 0.45  membrane filter prior to
use.

UV method

About 100 mg of accurately weighed standard
metribuzin pure dissolved in 50 ml of methanol and made
upto mark with methanol solution, in 100 ml volumetric
flask, to give primary (stock solution a) of 100 mg/ml
from the above stock solution 10 ml of aliquot was pi-
pette out in 100 ml volumetric flask and the volume
was made up to mark with methanol to obtain the final
concentration of 100 g/ml (stock solution b).

Preparation of the sample solutions

HPLC method

The powder equivalent to 10 mg of formulated
metribuzin (Tata Metri), was accurately weighed and
transferred into a 50 volumetric flask. This solution was
filtered through 0.45  membrane filter and diluted suit-
ably using mobile phase to obtain 200 g/ml solution.

UV method

The powder equivalent to 100 mg of metribuzin
was accurately weighed and transferred into a 100 ml
volumetric flask. To this 50 ml of methanol solution was
added and solicited for 10 min with occasional shaking
to disperse and dissolve the contents. The volume was
made upto 100 ml with methanol solution to give 1000
g/ml of metribuzin solution. This solution was filtered
through 0.45  membrane fites and further diluted with
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methanol solution to give 100 g/ml.

Method validation

The methods were validated according to interna-
tional conference on Harmonisation (ICH) guidelines
for validation of analytical procedures[13, 14].

Linearity

Six concentrations of the standard solutions in 2-
12 g/ml range were analyzed by HPLC. Calibration
curves were constructed by plotting average peak ar-
eas versus concentrations (Figure 1). 8 concentrations
of the standard solutions in the range of 5-50 g/ml were
analyzed for UV method. Calibration curves were con-
structed by plotting average absorbance versus con-
centrations (Figure 2). Linearity was determined by re-
gression equations for both methods. This experiment
was repeated six times for both methods.

Precision

Repeatability was evaluated by analyzing five inde-
pendent metribuzin standard solutions (10 g/ml for
HPLC method and 50 g/ml for UV method). The in-
termediate precision was evaluated on three indepen-
dent metribuzin standard solutions per day for three dif-
ferent days (TABLE 1).

Accuracy (by standard addition method)

For the HPLC method, an accurately weighed
amount of powder (formulation) equivalent to 10 mg
of metribuzin was transferred to 50 ml volumetric
flask dilute to volume with mobile phase. Aliquots of
4, 5, 6 ml of metribuzin standard solution (200 g/
ml) and transferred to 100 ml volumetric flask and
dilute to 100 ml with mobile phase and to make up
to give a final concentration 9, 11, 13 g/ml. For the
UV method, an accurately weighed amount of for-
mulated powder equivalent to 100 mg of metribuzin
was transferred to 100 ml volumetric flask and dis-
solved in methanol. Aliquots of 10 ml of this solution
were transferred into 100 ml volumetric flask and
made upto mark with methanol and give final con-
centration 20, 40, 60 g/ml. All solutions were pre-
pared in triplicate and assayed. The percent recov-
ery of added metribuzin standard was calculated
(TABLE 2).

Limit of detection (LOD) and limit of quantifica-
tion (LOQ)

The parameters LOD and LOQ were determined
using signal to noise ratio.

Figure 2 : UV Calibration curve for Metribuzin for (UV
Method)

Figure 1 : Calibration curve for metribuzin (for HPLC Method)

TABLE 2 : Accuracy test results for metribuzin formulation
by HPLC and UV.

Method Product 

Conc.  
of 

pesticide 
added 

(g/ml) 

Amount 
found in 
g/ml 

% of 
Re- 

covery* 

SD 
(%) 

RSD 
(%) 

Tatametri 9 9.09 100.79 0.045 0.501 

Tatametri 11 10.95 99.55 0.017 0.157 HPLC 

Tatametri 13 12.92 99.38 0.117 0.194 

Tatametri 20 20.10 100.50 0.026 0.131 

Tatametri 40 39.98 99.95 0.017 0.042 UV 

Tatametri 60 59.99 99.98 10.022 0.037 
*Average of 3 determinations.
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Stability of standard and sample solution

The standard solution of metribuzin (200 g/ml for
HPLC method and 100 g/ml for UV method) and
sample solution of metribuzin formulations (200 g/ml
for HPLC method and 100 g/ml for UV method) were
prepared in triplicate and analyzed after 48 hrs by stor-
ing the solutions at room temperature (TABLE 3).

Analysis of metribuzin formulation by RP-HPLC
and UV methods

Metribuzin formulated  form  (Tata Metri) was ana-
lyzed by optimized RP-HPLC method. The product
was analyzed by six independent determinations. The
same product was analyzed by optimized UV method
with six independent determinations.

RESULTS AND DISCUSSION

Optimization of HPLC method

Optimization of mobile phase was performed based
on peak symmetric, peak width and run time. The mo-
bile phase of buffer and acetonitrile (60:40 v/v) was
found to be satisfactory. The Figure 3 shows typical
chromatogram obtained from the standard solution of
metrobuzin using the proposed method. The retention
time observed (4.177 min) permit a rapid determina-
tion of the pesticide, which is important for routine analy-
sis. System suitability parameters for this method are
reported in TABLE 1. The parameters were within the
acceptance limits.

RSD of 6 independent determinations in a day
**RSD of 9 independent determinants (3 independent samples per day for 3 days).

TABLE 1 : Regression analysis and system suitability parameters for the quantification of metribuzin by HPLC and UV

Parameter HPLC Method Parameter UV Method 

Retention time (t) min 4.177 max (nm) 297 

Linearity range(g/ml) 2-12 Beer�s Law Limits (g/ml) 5-50 

Theoretical Plates (n) 9711.00   

Plates Per meter (N) 64740 Molar absorptivity (L mole-1 cm-1) 0.248x104 

Height equivalent to theoretical plate (HETP) 0.015 Sandell�s sensitivity (g/cm2/0.001 absorbance unit) 0.086 

Peak asymmetry 0.0019 -  

Regression equation (y=a+bc)  Regression equation (y=a+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 (r2) 0.9998 Correlation coefficient (r2) 0.9995 

Relative Standard deviation* (%RSD) 0.21 % Relative Standard deviation* (RSD) 1.23 

Intermediate Precision** (% RSD) 0.23 Intermediate Precision** (% RSD) 1.22 

LOD (g/ml) 0.137 LOD (g/ml) 0.356 

LOQ (g/ml) 0.428 LOQ (g/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 

TABLE 3 : Stability of the standard sample solutions of metribuzin

RP-HPLC Method UV Method 

Standard Solution Sample Solution Standard Solution Sample Solution Time 
interval Recovery 

(%)* 
Difference 

(%) 
Recovery 

(%)* 
Difference 

(%) 
Recovery 

(%)* 
Difference 

(%) 
Recovery 

(%)* 
Difference 

(%) 
0 hr 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.
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Validation of HPLC method

The described reversed phase HPLC method was
found to be specific for metribuzin as none of the ex-
cipients interfered with the estimation of metribuzin. The
method was found linear over the range of 0.2-12 (g/
ml) (Figure 1). The LOD and LOQ were found to be
0.137 g/ml and 0.4280 g/ml, respectively indicating
high sensitivity of the method. The results for accuracy
and precision are summarized in TABLE (1) and (2).
The results of recovery studies indicate a high agree-
ment between the true value and the estimated value.

Validation of UV method

The proposed UV spectrophotometric method was
found to be specific for analysis of metribuzin in its for-
mulation as no interference was observed at 297 nm
shown in Figure 4. The UV method hence permits a
rapid and economical quantification of metribuzin in for-
mulation.

The calibration curves were constructed in the range
of 5 to 50 g/ml (Figure 2). Beer�s law was obeyed
over this concentration range. The LOD and LOQ were
found to be 0.356, 1.188. The repeatability 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 formulations

Figure 3 : Chromatograms of Standard Metribuzin

and the mean recovery was found to be 100.50%
(TABLE 2). The standard and sample solutions were
stable for 48 hrs (TABLE 3).

Assay of marketed metribuzin formulations

Results of assay on formulations of metribuzin by
proposed HPLC and UV method is reported in
TABLE-4. The assay results of proposed RP-HPLC
and UV methods were compared using student�s t-test
does not reveal significant difference between the ex-
perimental values obtained in the standard and sample
analysis by the two methods.

CONCLUSIONS

The HPLC and UV methods for the determination

Figure 4 : UV Scan for standard Metribuzin

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

HPLC Method UV Method 
Formulation name 

labeled amount in mg 
Sample conc. 

found in 
(g/ml)* 

Recovery 
(%) 

SD(%) 
RSD 
(%) 

Sample conc. 
found in 
(g/ml)* 

Recovery 
(%) 

SD(%) RSD(%)

Tata metri 70% wet. 
table powder 

70.12 
70.14 
71.10 
69.89 
69.74 
69.94 

100.17 
100.20 
101.57 
99.84 
99.62 
99.91 

0.37 
0.38 
0.42 
0.50 
0.28 
0.37 

0.53 
0.54 
0.59 
0.72 
0.41 
0.54 

69.32 
69.80 
68.48 
70.10 
69.86 
69.54 

99.02 
99.71 
98.28 
100.14 
99.80 
99.34 

0.31 
0.30 
0.39 
0.23 
0.42 
0.33 

0.44 
0.44 
0.57 
0.32 
0.61 
0.48 

*Average of 3 determinations.
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of metribuzin in its formulation was found to be simple,
rapid, precise, accurate and sensitive. A good agree-
ment was observed between HPLC and UV method.
The validated HPLC and UV methods can be used for
the pesticide analysis in routine quality control for bulk
and formulations.

REFERENCES

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

[2] A.Arranz, M.F.Villaba, S.F.Betono, J.M.Moreda,
J.F.Arranz; 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.Iruela, 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, P.C.Kearney; Herbicides : Chem-
istry Degradation and Mode 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.P.Mourkidou; 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.Hennoin, V.Pichov,
F.LeGoffic, N.Durand; J.Chromatogra.A., 752,
147-154 (1996).

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

[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.F.Huertas-Perez, M.O.Iruela, A.M.G.Campana,
A.G.Casado, A.S.Navarro; J.Chromatogr.A., 1102,
280-286 (2006).

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

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

[20] C.Q.Molina, A.M.G.Campana, L.O.Iruela, M.Olmo;
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.Palmero; 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.Castrillejo,
L.Herrero; Electrochim.Acta., 39, 2237-2241 (1994).

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

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

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

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

[29] C.E.Parker, G.H.Degen, E.O.Abusteit, F.T.Corbin;
J.Liq.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.Liq.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).


