
E
h

J
I

a

A
R
R
A
A

K
M
E
C
S
F

1

1
p
c
a
s
I
L
o
c
m
s
1

f
[
e
c
z
A

0
d

Journal of Hazardous Materials 164 (2009) 918–922

Contents lists available at ScienceDirect

Journal of Hazardous Materials

journa l homepage: www.e lsev ier .com/ locate / jhazmat

xtractive spectrophotometric method for determination of metribuzin
erbicide and application of factorial design in optimization of various factors

asmin Shah ∗, M. Rasul Jan1, Behisht Ara, Mian Mohammad
nstitute of Chemical Sciences, University of Peshawar, Peshawar N.W.F.P.25210, Pakistan

r t i c l e i n f o

rticle history:
eceived 10 June 2008
eceived in revised form 19 August 2008
ccepted 24 August 2008

a b s t r a c t

A simple extractive spectrophotometric method has been described for the determination of metribuzin
herbicide. Metribuzin was reacted with copper and a stable complex in the presence of ammonia (0.2 M)
at pH 10.5 was formed. The resulting yellow coloured complex was extracted in chloroform and showed
absorption maxima at 340 nm. Beer’s law was obeyed in the range of 0.8–25 �g mL−1 with molar absorptiv-
vailable online 5 September 2008
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ity of 5.67 × 103 L mol−1 cm−1. The composition of the complex was studied by Job’s method of continuous
variation and the results indicated that the mole ratio of metribuzin:Cu2+ is 2:1. The optimum reaction
conditions for complexation and other analytical parameters were evaluated.

A two-level factorial design was also used to determine the effect of different parameters and their inter-
action on metribuzin:Cu2+ complex formed. The method was successfully applied for the determination
of metribuzin in commercial formulations and real samples.
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. Introduction

Metribuzin (4-amino-6-tert-butyl-4,5-dihydro-3-methylthio-
,2,4-triazin-5-one) is a selective triazine herbicide which inhibits
hotosynthesis of susceptible plant species. It is used for the
ontrol of annual grasses and numerous broadleaf weeds in field
nd vegetable crops mainly potatoes [1]. Metribuzin is weakly
orbed to soil therefore, leaches easily to lower soil profiles.
ts persistence in the soil varies between 80 and 90 days [2].
eaching in soil is increased with increasing soil pH. The mobility
f metribuzin in soil is inversely related to the soil adsorptive
apacity. In general, metribuzin is relatively mobile in sandy and
ineral soil but immobile in soil with high organic matter [3]. It is

lightly toxic via the oral route, with reported oral LD50 values of
090–2300 mg kg−1 in rats [4].

Analysis of metribuzin has mainly been accomplished by dif-
erent chromatographic methods such as liquid chromatography
5–7], micellar electrokinetic chromatography [8], solid-phase

xtraction and sample stacking-micellar electrokinetic capillary
hromatography [9], capillary gas chromatography [10], capillary
one electrophoresis [11] and molecularly imprinted polymer [12].
ll these methods are expensive, require long separation times and
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ometimes need the development of extremely complex gradient
or the separation.

No spectrophotometric method is reported so far, for determi-
ation of metribuzin. In this work, we report a simple extractive
pectrophotometric method for the determination of metribuzin
erbicide. The method is based on its complexation with copper

n basic media to form a yellow coloured complex with absorption
axima at 340 nm.

. Experimental

.1. Apparatus

A Shimadzu UV–Visible Spectrophotometer (UV-1700 Phar-
aspec, Japan) with 1-cm matched quartz cells were used for

bsorbance measurement. WTW pH 422 (W. Germany) model pH
eter was used for pH measurement.

.2. Reagents
All chemicals used were of analytical reagent grade or simi-
ar, CuSO4·5H2O, ammonia, and chloroform were purchased from

erck (Darmstadt, Germany), whereas distilled ethanol was used
hrough out the work. Standard reference metribuzin was pur-
hased from Dr. Ehrenstorfer GmbH Germany. Commercial sample
ontaining metribuzin was purchased from the local market.

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:jasminshah2001@yahoo.com
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Fig. 1. Proposed reaction mechanism for extractive sp

.3. Solutions

Ammonia solution (0.2 M). Ammonia solution was prepared by
ilution from concentrated ammonia solution.

Copper solution (1000 �g mL−1). 0.395 g of copper sulphate pen-
ahydrate (CuSO4·5H2O) was dissolved in 10 mL distilled water and
iluted to 100 mL in volumetric flask.

Metribuzin solution. Metribuzin stock solution (1000 �g mL−1)
as prepared by dissolving 0.1 g of authentic standard reagent in
0 mL ethanol and diluted with distilled water up to 100 mL in vol-
metric flask. Working standard of 100 and 10 �g mL−1 solutions
ere prepared by dilution of the stock solution with distilled water.

.4. Procedure

Metribuzin standard solutions of 0.1–25 �g mL−1 were taken in
00 mL volumetric flask. Metal solution of 2 mL from stock solu-
ion (1000 �g mL−1) and ammonia solution (0.2 M) was added to
ach solution and diluted up to the mark with distilled water. These
olutions were transferred to separatory funnels and 10 mL of chlo-
oform was added to it and shaken well for 2 min. The two phases
ere then allowed to separate. The chloroform layer was removed

nd the absorbance of yellow coloured complex extracted was mea-
ured at 340 nm against reagent blank.

.5. Determination of metribuzin in commercial formulations
nd real samples of potatoes

Known amount of commercial formulation containing metrib-
zin was taken and diluted with ethanol up to 50 mL and was fil-
ered to remove any insoluble substances from it. The solutions
ere then analyzed by the proposed method.

For residue determination in real samples, metribuzin was
emoved on solubility basis by soaking the potatoes in 50 mL chlo-
oform for two hours and then filtered. The filtrate (chloroform)
as evaporated and the residue was redissolved in 50 mL ethanol.

he ethanolic solution was then analyzed by the proposed method.

The validity of the method was confirmed by applying standard

ddition technique. In this method several different concentra-
ions of the standard metribuzin solution (10, 12, 15.5 �g mL−1)
ere added to the samples to check the recovery. Metribuzin was

xtracted and determined as mentioned above.

3

w
t

photometric determination of metribuzin herbicide.

.6. Experimental design

The effect of different parameters and their interactions on the
omplex formation was studied according to the 23 factorial design
13]. A 23 factorial design with a complete repetition performed in
ne run resulting in a total of eight experiments was chosen for
nvestigating optimum conditions for complexation of metribuzin

ith metal ion (Cu2+).

. Results and discussion

Metribuzin has two chemical groups methylthio and amine
ttached to the triazine ring with the potential to coordinate with
ransition metals such as Cu2+. Preliminary results confirmed the
omplexation of metribuzin with copper. The proposed reaction
echanism is given in Fig. 1. Mitribuzin acts as bidentate chelat-

ng agent and chelation takes place through both amino and thio
roups leading to a five-membered ring with one molecule of
etribuzin. Therefore two molecules of metribuzin reacted with

u2+ and formed a stable yellow coloured extractable complex. The
esulting complex was extracted in chloroform and was found to
ave absorption maxima at 340 nm against the reagent blank.

The effect of various experimental parameters on the
bsorbance of the final yellow coloured complex was studied and
s discussed below.

.1. Effect of pH and ammonia concentration

As the proposed reaction requires basic media, therefore the
ffect of ammonia concentration was studied in the range of
.05–1.0 M. Maximum absorbance was observed with ammonia
oncentration in the range of 0.2–0.4 M (Fig. 2). The effect of pH
n the complex formation was also studied in the range of 9.0–11.5
nd it was found that maximum complexation is achieved at pH
0.5 (Fig. 3).
.2. Effect of time

The effect of time on the stability of yellow coloured complex
as investigated up to 1.5 h. The complex was found to be stable up

o 1 h at room temperature.



920 J. Shah et al. / Journal of Hazardous Materials 164 (2009) 918–922

Fig. 2. The effect of ammonia concentration on complex formation.
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Table 1
Optical characteristics for spectrophotometric determination of metribuzin

Characteristics Analysis

�max (nm) 340
Beer’s law range (�g mL−1) 0.8–25
Slope 0.047
Limit of detection (�g mL−1) 0.66
Limit of quantification (�g mL−1) 2.2
Molar absorptivity (L mol−1 cm−1) 5.67 × 103

Standard deviation 0.2
RSD 5
Correlation coefficient (r2) 1.0
Stability constant (Kf) 2.7 × 106

Table 2
The 23 experimental design

Run A* B* C* Metal conc
(�g mL−1) A*

Ligand conc
(�g mL−1) B*

pH C* R absorbance

1 −1 −1 −1 20 20 9.3 0.201
2 +1 −1 −1 40 20 9.3 0.201
3 −1 +1 −1 20 40 9.3 0.201
4 +1 +1 −1 40 40 9.3 0.341
5 −1 −1 +1 20 20 10.5 0.403
6
7
8
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Fig. 3. The effect of pH on complex formation.

.3. Composition of the complex
The composition of the complex was investigated using Job’s
ethod of continuous variations (Fig. 4). Maximum absorbance for

he complex was observed at a mole ratio of 3:7 which indicated the
ormation of 1:2 (Cu2+:metribuzin) complex. The formation con-

Fig. 4. Formula and stability constant determination by Job’s method.
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+1 −1 +1 40 20 10.5 0.403
−1 +1 +1 20 40 10.5 1.008
+1 +1 +1 40 40 10.5 1.009

tant of the complex was calculated from the data of mole ratio
nd continuous variations method and was found to be 2.7 × 106.

.4. Analytical characteristics

The absorbance concentration curve was found linear over the
oncentration range of 2–24 �g mL−1. The statistical parameters
alculated from the calibration graph are given in Table 1. The
inearity of calibration graph is reflected by the high value of cor-
elation coefficient (r2). The molar absorbtivity of the resulting
ellow coloured complex was found to be 5.67 × 103 L mol−1 cm−1.
he limit of detection (LOD) and quantification (LOQ) were calcu-
ated using the minimum concentration at which metribuzin could
e detected reliably and it was found to be 0.66 and 2.2 �g mL−1

espectively.

.5. Experimental design to optimize different variables for
aximum complexation reaction

A 23 factorial design with a complete repetition performed in
ne run resulting in a total of eight experiments was chosen for
ptimization of metribuzin complexation with Cu2+. The optimiza-
ion design with a threefold repetition for complex formation is
iven in Table 2.

Three factors were selected for optimization of complexation
eaction. The factors and their lower (−) and high level (+) are given
n Table 2 and are shown in Fig. 5. The pH, metal ion (Cu2+) con-
entration and ligand (metribuzin) concentration were varied but
he total volume was kept constant for all experiment. The effect of
hanging a factor from a low level to a high level value was studied
n absorbance measurement. For maximum complex formation of
etribuzin with metal ion, the highest response was found in the

ighth run in Table 2.
Using the data found in Table 2, the effects of the main fac-
ors and their interactions with each other were estimated and
he results are given in Table 3. The most calculated effect on
he absorbance of complex was seen in pH (C = 0.47) and ligand
metribuzin) concentration (B = 0.34). The BC interaction (0.27) has
ositive effect on complex formation while AC (−0.35) and ABC
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Table 3
Effect list of main factors and their interactions

Error/included
in model

Term Effect Sum of squares % Contribution

Error A-metal conc 0.035 0.00248513 0.302084
Model B-ligand conc 0.34 0.22815 27.7332
Model C-pH 0.47 0.44133 53.6467
Error AB 0.035 0.00248512 0.302084
Error AC −0.035 0.00241512 0.293575
Model BC 0.27 0.14338 17.4288
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Fig. 5. Cube model graph of the 23 factorial design.

−0.035) have the same negative effect on the complexation reac-

ion.

For statistical confirmation of these effects, the analysis of vari-
nce (ANOVA) was carried out and the results are given in Table 4.
hese results confirmed that B and C are statistically the main fac-

3

k

able 4
nalysis of variance (ANOVA) for main factors

ource Sum of squares df Mean squa

odel 0.81 3 0.27
-ligand conc 0.23 1 0.23
-pH 0.44 1 0.44
C 1 0.14 58.52
esiduals 9.800E−003 4 2.450E−00
or. total 0.82 7 –

f = degree of freedom.

Fig. 6. Contour plot of the predicted and calcul
rror ABC −0.035 0.00241512 0.293575

enth’s ME 0.197624
enth’s SME 0.472952

ors for complex formation. Note that factor C is significant (0.44)
han B (0.23) and the interaction of BC has significant effect (1.0)
n complex formation. The optimum conditions for the highest
bsorbance of metribuzin complex with Cu2+ were seen in the
ighth run in Table 2.

Fig. 6 represents a contour plot for the response derivations.
he line curvature is due to the impact of interactions of the two
ignificant factors which confirm our results.
.6. Application

A recovery test was performed on control samples fortified with
nown concentration of metribuzin solution. Six replicates of the

re F-value P-value, Prob > F

110.59 0.0003

Significant

93.12 0.0006
180.13 0.0002
0.0016 –

3 – –
– –

ated values of response from the design.
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Table 5
Percent recovery of Metribuzin from real sample and commercial formulation

Real sample/commercial
formulation

Taken
(�g mL−1)

Added
(�g mL−1)

Found
(�g mL−1)

% Recovery

Potatoes 4
10.0 12.6 86.00 ± 0.90
12.0 15.0 91.66 ± 0.20
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15.5 18.1 90.00 ± 0.40

ommercial formulation 10
10.0 19.8 98.00 ± 0.70
12.0 21.8 98.00 ± 0.20
15.5 25.1 97.00 ± 0.40

ortified samples were analyzed using the proposed method. The
esults are given in Table 5. Recovery values in commercial formu-
ations were found to be 97.0% ±0.4 to 98.0% ±0.2 and in case of real
amples the results of the recovery were found to be in the range
f 86.0% ±0.9 to 91.7% ±0.2.

The method was also applied for residue determination in pota-
oes sample. The value for metribuzin residue in potatoes was found
o be 0.15 ± 0.07 �g mL−1.

. Conclusion

The spectrophotometric method developed for determina-
ion of metribuzin in commercial formulations and vegetable
amples is simple, sensitive and reproducible as compared to
as chromatographic and liquid chromatographic methods. The
ptimum conditions for highest absorption due to maximum

omplexation reaction found experimentally were confirmed
sing an experimental design. The primary effective factors
esponsible for the maximum absorbance of complex were
ound to be metribuzin concentration and pH for complexation
eaction.

[

[

aterials 164 (2009) 918–922

eferences

[1] K. Majumdar, N. Singh, Effect of soil amendments on sorption and mobility of
metribuzin in soils, Chemosphere 66 (2007) 630–637.

[2] N.E. Mondy, C.Y.B. Munshi, Chemical composition of the potato as affected by
the herbicide, metribuzin: enzymatic discoloration, phenols and ascorbic acid
content, J. Food Sci. 53 (1988) 475–476.

[3] D.D. Kaufman, P.C. Kearney, Herbicides: Chemistry, Degradation, and Mode of
action, second edition, CRC Press, Taylor & Francis Group, 1988.

[4] H. Kidd, D.R. James (Eds.), The Agrochemicals Handbook, third edition, Royal
Society of Chemistry Information Services, Cambridge, UK, 1991.

[5] E.N. Papadakis, E.P. Mourkidou, Determination of metribuzin and major con-
version products in soils by microwave-assisted water extraction followed by
liquid chromatographic analysis of extracts, J. Chromatogr. A 962 (2002) 9–
20.

[6] N.R. Erenchun, M.A. Goicolea, Z.G. Balugera, M.J. Portela, R.J. Barrio, Deter-
mination of herbicide by reductive amperometric detection in liquid
chromatography, J. Chromatogr. A 763 (1997) 227–235.

[7] J.F. Lawrence, C. Menard, M.-C. Hennion, V. Pichon, F. LeGoffic, N. Durand,
Evaluation of imminoaffinity chromatography for the determination of trazine
herbicides by liquid chromatography, J. Chromatogr. A 752 (1996) 147–154.

[8] J.F. Huertas-Perez, M.O. Iruela, A.M.G. Campana, A.G. Casado, A.S. Navarro,
Determination of herbicide metribuzin and its major conversion products in
soil by miceller electrokinetic chromatography, J. Chromatogr. A 1102 (2006)
280–286.

[9] R.C. Martinez, E.R. Gonzalo, P.R. Ruiz, J.D. Alvarez, Solid-phase extraction
and sample stacking-micellar electrokinetic capillary chromatography for the
determination of multiresidues of herbicides, J. Chromatogr. A 990 (2003)
291–302.

10] J. Beltran, F.J. Lopez, M. Forcada, F. Hernandez, Microextraction process com-
bined with large volume injection in capillary gas chromatography for the
determination of pesticide residues in environmental aqueous samples, Anal.
Chim. Acta 356 (1997) 125–133.

11] C.Q. Molina, A.M.G. Campana, L.O. Iruela, M. Olmo, Large volume sample stack-
ing in capillary zone electrophoresis for the monitoring of the degradation

products of metribuzin in environmental samples, J. Chromatogr. A 1164 (2007)
320–328.

12] F. Breton, P. Euzet, S.A. Piletsky, M.T. Giardi, R. Rouillon, Integration of pho-
tosynthetic biosensor with molecularly imprinted polymer-based solid phase
extraction cartridge, Anal. Chim. Acta 569 (1–2) (2006) 50–57.

13] State-Ease, Design-Expert 7.1 Trial Program.


	Extractive spectrophotometric method for determination of metribuzin herbicide and application of factorial design in optimization of various factors
	Introduction
	Experimental
	Apparatus
	Reagents
	Solutions
	Procedure
	Determination of metribuzin in commercial formulations and real samples of potatoes
	Experimental design

	Results and discussion
	Effect of pH and ammonia concentration
	Effect of time
	Composition of the complex
	Analytical characteristics
	Experimental design to optimize different variables for maximum complexation reaction
	Application

	Conclusion
	References


