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ABSTRACT: A rapid method for determining residues of the herbicide metribuzin in soil by laboratory 
experiment under controlled conditions is described. Field soil fortified with herbicide at concentration of 5 
mg kg-1 soil, and maintained at field capacity moisture regime and kept at ambient temperature 25 ± 5°C. 
The soil samples were extracted with different ratio of methanol/water  solution and the residue was 
estimated by HPLC with UV detection at 290 nm and a flow rate of 0.5 ml/ min. The detection limits were 
0.05 mg/kg in soil. The results indicate 52.55% degradation of metribuzin in soil samples on 120-days of 
experiment. The methanol/water (4:1 v/v) was found to be most effective in metribuzin degradation 
recovery and enhances the recovery as compared to the other. The proposed method has been 
satisfactorily applied in soil samples showing recoveries ranging from 85% to 98% and represents a 
valuable procedure for analysis of metribuzin by high performance liquid chromatography (HPLC). 
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INTRODUCTION 
 

 Metribuzin [4-amino-6-(1-1-dimethylethyl)-3-(methylthio)-1,2,4-triazin-5(4H)-one] is a selective systemic 
herbicide used for pre and post-emergence control of many grasses and broad-leaved weeds in soya beans, 
potatoes, tomatoes, sugar cane, and cereals at 0.07–1.05 kg a.i./ha (Tomlin, 2002). It is considered a mobile 
pesticide with estimated sorption coefficients in soil (Kd) generally well below 1.0 (Shaato, 2002). Metribuzin belongs 
to the group of triazinone herbicides, that highly water soluble (1.05 g.L−1) and adsorption in low-organic sandy soils 
is rather weak, sorption coefficients vary from 0.56 in a very sandy loam to 31.7 in a soil containing 60% organic 
matter (Henriksen, 2002). Metribuzin is moderately water soluble and interacts with some polar as well as nonpolar 
soil constituents. The solubility of metribuzin in methanol is several hundred times greater than in water (WSSA, 
1983). In aqueous solution, metribuzin ionizes at very low pH (3 or less, pK/a) (Weber, 1980), resulting from 
protonation of the amine group. Hydrophilic binding at pH levels < 7 occurs due to hydrogen bonding rather than 
from ionization of the metribuzin molecule. Therefore, inclusion of water with a moderately nonpolar organic solvent 
improves the extraction efficiency of metribuzin from hydrophilic sites. This herbicide is considered to be of short to 
moderate persistence in soils. Metribuzin have received a great deal of attention because of its extensive use and 
potential for widespread contamination of ecosystems. For detecting low level of metribuzin which may persist in soil 
and groundwater, sensitive and accurate methods of analysis are desired. The primary criteria for choosing extraction 
solvent is based on several factors related to extraction efficiency and residue recovery. Various studies on 
metribuzin have been investigated by using the electro analytical method (Skopalova, 2001), chromatographic 
methods such as liquid chromatography (Erenchun, 1977; Lawrence, 1996; Papadakis and Mourkidos, 2002; Shah, 
2011), gas chromatography (Beltran, 1997), micellar electro kinetic chromatography (Huertas-Peres, 2006; Martinez, 
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2003), capillary zone electrophoresis (Molina, 2007), molecularly imprinted polymer (Breton, 2006; Ara, 2012) and 
the spectrophotometric method based on its complexation with copper (Shah, 2009). In the present study the 
degradation of metribuzin by High performance liquid chromatographic method with UV detection was carried out. 
 

MATERIALS AND METHODS 
 

Soils and Organic amendments 

 The soil used in the present study was a silty loam soil from the field that never treated with metribuzin before. 
Physical and chemical properties of soil are shown in Table 1. 
 

Table 1. Physico-chemical properties of soil 
 

Texture pH EC ds/m N (ppm) K (ppm) P (ppm) 

Silty Loam 7.5 2.23 16.5 116 14.8 

 
Herbicide 
 The herbicide used was a commercial formulation of metribuzin (Sencor 700 g a.i./kg WP) and analytical grade 
of metribuzin (99% purity) was obtained from Bayer chemical Co. The physico-chemical properties of metribuzin are 
shown in Table 2. 
 

Table 2. The selected physico-chemical properties of Herbicide metribuzin 
 

Herbicide Formula  
Molecular 
weight 

Koc Vapour Pressure Solubility in water 

Metribuzin C8H4N4OS 214.3 95 1.3×103pa 1.2 Kg at 20 °C 

 
Soil preparation 
 Soil for degradation experiments was obtained from the upper layer (0-10 cm) of field, air dried at room 
temperature and passed through a 2-mm mesh sieve. Then treated with an aqueous suspension of commercial 
formulation of metribuzin to give a final concentration of 5 mg kg-1 of air-dried soil, similar to that found in the field 
experiments. After treatment, the soil was thoroughly mixed by passing twice through the 2-mm mesh sieve, and 
allowed to equilibrate for 24 h at 4°C.  Sampels moisture contents had been adjusted to 70% of soil water-holding 
capacity and transferred to glass jars and incubated in the dark at 20 °C for 120 days. Moisture contents were 
maintained at a constant level throughout the experiment by adding distilled water as necessary. Sub samples (20 
g) were taken for herbicide analysis one day after addition of herbicide and then 5, 15, 30, 50, 90 and 120 days and 
frozen at -20 °C until analyzed. Water contents were adjusted at each sampling date. Soil samples (10 g) were 
extracted twice with methanol (20 mL) on an horizontal shaker for 90 min. After equilibration, the tubes were 
centrifuged for 10 min at 10000 rpm in a centrifuge maintained at 20°C. Ten mL of the supernatant were filtered and 
transferred to a separatory funnel. The herbicide was extracted two times with methanol (2 x 20 ml). The obtained 
solution was concentrated to approximately 1mL in a rotary evaporator at a temperature of 39 ◦C. The extract was 
diluted with 5 mL of methanol (HPLC grade) and stored in 5 ◦C before analyzed by HPLC. 
 
Analytical procedure 
 Soil extracts was analyzed by a Hewlett Packard Shimadzu model HPLC equipped with degasser and 
Spectrophotometric UV detector. A reverse-phase column with isocratic 4:1 methanol/H2O mobile phase was used. 
A 25 cm × 4.6 mm i.d. Adsorbosphere C18 column, a flow rate of 0.5 ml/ min, and a detector wavelength of 290 nm 
were determined to be optimum for the analysis. A 20 µL injection volume was used. The mobile phase and the 
standard solutions were prepared from filtered HPLC grade solvents. Metribuzin dissipation curves in soil samples 
were fitted to first-order kinetics (C = Ci e-kt) and half-lives (t1/2) calculated 
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RESULTS AND DISCUSSION 
 

Analysis of soil samples 

 Metribuzin standard samples was quantified by injecting the samples without any previous treatment. The 
recovery data obtained from three determinations for each concentration examined are shown in Table 3. 
 

Table 3. Recovery of metribuzin from soil samples 
 

Spiking Level (ppm) Recovery (%) Standard Deviation (%) 

0.1 85 (78; 90; 87) 7.2 
0.5 93 (90; 96; 93) 2.1 
1 98 (98; 97; 99) 1.0 
3 98 (99; 99; 96) 1.1 
5 96 (94; 97; 97) 1.5 

 
 As it was expected the recoveries of metribuzin as a lipophilic compound, were the highest when soils were 
extracted with methanol and decreased when water based extractants were used instead. This finding is in 
agreement with Papadakis,  (2002). 
 A reduction in the volume of the aqueous solution below this spiking level was avoided because of the occurrence 
of a loss (up to 20%) of the herbicide. The extraction with dichloromethane was also tested, but the recovery was 
quite unsatisfactory, because this solvent required evaporation to dryness which caused significant losses. On the 
other hand, dichloromethane interferes with the chromatographic separation because its presence causes a 
reduction in the retention time of metribuzin, making its separation from interferences impossible. 
 
Herbicide Recovery 
 The HPLC determination of metribuzin from soil samples showed differences in metribuzin recovery depending 
on the methanol content in the extracting solution. The 1:4 and 2:3 methanol/water extracting solutions were less 
effective than those with the 3:2 and 4:1 ratios. Apparently, the higher metribuzin solubility in methanol than in water 
was responsible for the greater recovery. However, the maximum recovery was achieved by methanol/water in the 
4:1 ratio after three extraction procedures. This finding is in agreement with literature data which show that the 
methanol/water ratio is a critical factor in the extraction procedures (Li ., 2010; Shah ., 2011; Stenrod ., 2008; 
Henriksen ., 2002). It seems likely that the presence of water contributes to the breakdown of the soil structure, 
allowing a greater surface area be available to the extractant. An improvement in metribuzin recovery was observed 
with increasing methanol/water ratio in the extractants. Apparently, greater metribuzin solubility in methanol than in 
water may have elevated the recovery. The percentage metribuzin recovery during the extraction procedure, as 
affected by the methanol/water ratio, is given in Table 4. 
 
Table 4. metribuzin recoveries from soil samples (soil fortified with metribuzin at 5 mg/kg soil) as affected by the methanol/water 

ratio in the extractants 
 

Methanol/water ratio (v/v) Metribuzin recoveries (%) 

1:4 23 
2:3 42 
3:2 65 
4:1 96 

 
 Since metribuzin is associated with polar soil components (Smith, 1981), presence of water should improve 
extraction efficiency over methanol alone. As such, the 4:1 methanol in water consistently provided the most efficient 
recovery from soil. Our results concurred with the study of Cotterill (Cotterill, 1980) where 4:1 methanol/water volume, 
gave higher metribuzin residue recovery than methanol alone. Contrary to organic solvents which tend to reduce 
dispersion when added to soil, water helps in the dispersion of soil colloids. Thereby, a larger surface area is exposed 
to the extracting solution, hence greater recoveries are expected to occur. When smaller quantities of the herbicide 
are present in the soil, a larger proportion of the herbicide may bind to less polar or nonpolar soil sites. As the 
concentration increases, metribuzin may bind to more polar sites. Therefore the increased methanol content would 
enhance metribuzin recovery from less polar sites. Even though the solubility of metribuzin in several organic solvents 
such as acetonitrile, hexane, diethyl ether, acetone, and chloroform is equal to or greater than methanol, these 
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solvents may pose a human health hazard. In addition, it could cause chemical decomposition or extraction of 
compounds from soil which may interfere with metribuzin determination (Locke., 2002). 
 Calibration graphs were constructed by injecting pure standard solutions of the analytes, according to the 
procedure described above. The Peak results and retention time of metribuzin in concentration of 1 mg kg-1 soil, are 
shown in figure 1 and Table 5. 
 

 
 

Figure 1. Calibration graphs of Reversed-phase HPLC separation of metribuzin standard (1 mg kg-1 soil) 
 

Table 5. The Peak results and retention time of metribuzin 
 

Name Retention time Area Height Concentration (ppm) 

Met.STD 9.53 233561 11562 1.00 

 
 The slow metribuzin degradation makes think that the degradation of the metribuzin is not carried out in short 
time, indicating that this degradation happens superior at one time to the 120 days. At the end of the experimental 
period, the metribuzin content significantly decreased  52.55% in soil. The degradation of metribuzin can be well 

discribed by first-order kinetics with regression coefficients (R2) ⩾0.94. This finding is in agreement with Bowman 
(Bowman, 1991).The obtained first-order rate constant and half-lives are presented in Table 6. 
 

Table 6. Observed speed constants (K) and half-life values (DT50) of the kinetics of metribuzin degradation in soil 
K (±σ)(Day-1) DT50 (days) DT90 (days) R2 

0.0058 (0/0002) 119.48 396.89 0.98 

 
σ: standard deviation. 

 
Conclusion 

 
 A method was developed for analysis of metribuzin in soil. Analysis by HPLC using the present procedure 
showed high sensitivity and selectivity in the soil extracts. Composition of the methanol/water solvent were most 
important for optimizing soil extraction. So that, the maximum recovery was achieved by methanol/water in the 4:1 
ratio after extraction procedures. In the soil mixed with 5 ppm metribuzin without any organic amendment, the 
degradation of herbicide was very slowly. In this Silty Loam soil, the breakdown of metribuzin was 52.55%  after 120 
days. 
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