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Abstract

:

The decomposition of seven herbicides (atrazine, linuron, lenacil, chloridazon, dinoseb acetate, prometryn, and diuron) was carried out by detonative combustion. The investigated blasting material was produced on the basis of porous ammonium nitrate, which served as an oxidizer, while the pesticides played the role of the fuel. Detonative decomposition of the mixtures was carried out in blast-holes in soil. The efficiency of the decomposition process was assessed using the techniques of gas chromatography, high-efficiency liquid chromatography, and additionally by biological tests according to the grading of the European Weed Research Council. The results demonstrate an efficient decomposition of the tested herbicides. In the tested soil samples taken after the detonation decomposition of the herbicide, no symptoms of phytotoxic effects on the plants were found. This was confirmed by the lack (or at most negligible amounts) of residual herbicides in the soil samples. Only for the samples of chloradizine and diuron were large amounts of residual biologically active substance found.
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1. Introduction


The rapid increase in the emergence of resistant super weeds seen in agriculture requires not only the increased use of herbicides, but also leads to the necessity of creating new forms of herbicides. Genetic modifications of plants also require the application of new selective pesticides. The storage of unwanted expired pesticides can also lead to many problems. The Food and Agriculture Organization reports that the total amount of out-of-date pesticides, of all types, is 400,000–500,000 tons [1]. Over 20% of them are organic, halogen derivative substances. In Africa and the Middle East, about 47,000 tons of pesticide are estimated to be stored. In Poland, within just the past 20 years, 60,000 tons of pesticides were stored that had never been used, and there is now a need to neutralize them [2].



Many chemical, biological [3,4,5,6,7,8], and thermal [9,10,11,12,13] methods of pesticide neutralization have been devised. Numerous studies have shown that not all technologies are universally effective, and many of them are designed to only work for a specified group of substances (for example, organochlorines, organophosphates, carbamates, etc.).



Here, an investigation was carried out to determine the applicability of detonative combustion to decompose distinct herbicides with different functional groups, in the same way as it has been previously applied to the decomposition of 4,6-dinitro-o-cresole (DNOC) [14,15].



Currently, two methods are predominantly used for the determination of the present pesticide content in environmental samples, namely high-pressure liquid chromatography (HPLC) and gas chromatography (GC), which use specific detectors for certain groups of chemical compounds. Regarding the analytical methods for the determination of herbicide content in various materials (water, soil, plants, animal tissue etc.) [16,17,18,19], the investigation procedure can be reduced to the isolation of the herbicide by means of solvent extraction. This is followed by purification of the obtained solution and its standardization and final determination. The most frequently applied method of determination is gas chromatography, but for substances that are likely to decompose when experiencing the temperature conditions necessary during GC analysis, liquid chromatography can serve as an alternative method. As an auxiliary method, the thin-layer chromatography method has also been applied.



We carried out an assessment of the efficiency of the decomposition (by detonative combustion) of several herbicides by means of liquid chromatography. The results confirmed the decomposition of the herbicides. These findings were then correlated with results obtained from biological tests.




2. Materials and Methods


2.1. Preparation of Herbicide Samples for Detonative Combustion


We decided that the herbicide would be a component of the heterogenetic explosive substance of the type ANFO (ammonium nitrate/fuel oil), in which the herbicide replaces fuel oil. The compositions of the porous ammonium nitrate and herbicide were designed in such a way that the density of the obtained explosive blend was d = 0.900 kg/dm3, and the oxygen balance was B = 0%. For the designed blends, the performance parameters were calculated in order to establish an explosion temperature that should be high enough to decompose the herbicide. The results of the calculation obtained for various exemplary blends are shown in Table 1. The parameters of the explosive material ANFO, obtained from ammonium nitrate and liquid paraffin, are given for comparison.



By using a specially prepared composition of the materials, we are able to obtain rapid reactions with detonation speeds reaching 4000 m/s. In this combustion reaction, a herbicide should be converted to simple compounds, such as H2O, CO2, N2, etc. The mechanism of the herbicide’s decomposition should ideally be undertaken by quick heating to high temperatures (temperature of the detonation products before their expansion is up to 2400 °C, and the temperature of the detonative wave front is approximately one hundred times higher). Under such conditions, the high energy of the bond vibrations causes their cleavage and the degradation of the compound. Recombination of the generated moieties is prevented by oxidation and quick cooling. The presence of traces of aggregate in the environment near the explosion is caused by the movement of fine crushed rocks to the analyzed sample.



The production of an ammonium nitrate/fuel oil (ANFO) charge (here, porous ammonium nitrate with herbicide as a fuel), requires suitable conditions allowing the maintenance of the run of combustion reactions in a detonative way. To obtain these conditions, the following tasks were realized:




	⮚

	
Calculation of useable parameters for the considered mixtures. Calculations were carried out under the assumption of a stoichiometric course of detonative combustion reaction, i.e., with zero oxygen balance.




	⮚

	
The determination of higher calorific value, composition of elements, and global formula of hypothetic component, in the case when the method is applied to expired herbicides.









It was assumed that during detonation of ANFO, the airborne soil particles fall back into the crater. The amount of charge was taken such that the crater after detonation had a radius r = 1.25–1.50 m and a depth of 0.90–1.20 m. The soil samples were retrieved from a depth of 1.4 m. The prepared ANFO charge with herbicide, of a total mass of 2 kg, was placed in a pentrite cartridge (PET) container with a detonator and sand. After the arming of a percussive charge with a non-electric initiation system, the Non-Electric Detonator (NONEL), the container was placed in blast-hole at the depth of 1.20 m, and then tamping was performed to protect the hole.




2.2. Preparation of the Soil Substrate for the Biological Test


After detonation of the charge, soil samples were subjected to biological tests [20]. In a funnel, five holes were drilled by means of a manual earth drill. The depth of the holes was 140 cm (relative to the level before detonation). Sample material from each hole was tipped on foil, and precisely mixed for further analysis. Until further processing occurred, it was maintained at a low temperature [21].




2.3. Preparation of Soil Extracts for Chromatographic Analysis


Soil samples of 50 g were subsequently mixed with two portions of methylene chloride, 50 cm3 each, and then extraction was carried out by an ultrasonic treatment [22]. Extracts were filtered, and in a vacuum evaporator, finally dissolved in 10 cm3 of acetone. Prepared samples were analyzed to investigate the content of biologically active substances.




2.4. Preparation of Soil Extracts to Biological Tests


Samples of 5000 g were subsequently mixed with two portions of methylene chloride, 5000 cm3 each, and extraction was carried out for 30 min in a Rotavapor R-250 with a flask of capacity 20 dm3. Following this, the extracts were filtered and evaporated to a dry mass. The dry remnants were washed out from the flask walls with 1000 cm3 of acetone, and the obtained solution was subsequently concentrated to a total volume of 10 cm3. Thereafter, the sample was standardized by diluting the concentrated solution with distilled water to a volume of 100 cm3. Finally, the sample of the extract was used for the biological tests.




2.5. Determination of Herbicide Residue in Extracts by Gas Chromatography


To determine the herbicide residue, a Varian 3400 gas chromatograph was used. The chromatograph was equipped with an electron capture detector (ECD) and an IBDH integrator assuring automatic data analysis. Chromatographic separation was carried out by means of a dimethyl silicone capillary column.



The inner diameter of the column was 0.25 mm, the thickness of the phase film was 0.25 µm, and the length was 30 m. The thermal conditions for decomposition were a batcher temperature of 280 °C and a detector temperature of 300 °C; the temperature of the column was 80 °C for 5 min, and then it was increased to 290 °C at a rate of 10 °C/min. The carrier gas was helium, and the flow rate was 1 mL/min.



Soil extracts, besides the possible contents of herbicides, also contain organic compounds, which are volatile under thermal conditions typical for gas chromatography. Both genuine soil compounds as well as herbicides are likely to be detected. About half of the determined chemical compounds eluted beyond the elution range of soil components. The remainder of them elute in the same, or similar, retention times.




2.6. Determination of Herbicide Residue in Extracts by Means of Liquid Chromatography


Diuron, a herbicide that decomposes when experiencing the thermal conditions required for gas chromatography, was analyzed by means of a high-efficiency liquid chromatography method. The liquid chromatograph Varian 4000 was equipped with a detector for measuring UV absorption (the wavelength during measurements was 248 nm). Analyses were made for reversed phase systems. A column with a length of 250 mm and an inner diameter of 4.6 mm was filled with Nucleosilem C 18 (silica gel with chemically bonded octodecylene). The polar moving phase was a mixture of acetonitrile and water in the proportion 1:1. The flow rate of the moving phase was 1.2 mL/min, and its pressure was 13.1 MPa. The identification of the herbicide was based on a comparison to the retention times of standard substances. Model curves were drawn from measurements of the absorbance of herbicides in solutions of definite concentrations, which were injected into definite volumes. In the case of the detection of the herbicide residue in samples, a definite volume of standard extract was injected to the chromatograph, and its absorbance was determined. Results were taken from a calibration curve.




2.7. Biological Tests


	
Biological tests were carried out in three series:






	⮚

	
1st series:







On the drawn soil samples, after detonative decomposition of the herbicides, seeds of oat and charlock were sown. The same control tests were carried out on floral (pure) soil.



	⮚

	
2nd series:







On the floral (pure) soil, seeds of oat and charlock were sown, and in the third leaf phase, they were treated with the soil extracts from the detonative decomposition of herbicides.



	⮚

	
3rd series:







On the floral (pure) soil, seeds of oat and charlock were sown, and in the third leaf phase, they were sprayed or their roots were treated with a standard solution of herbicide in the dose recommended by the producer (reference test).



All the tests were carried out at the same time, under the same conditions, and the plants were kept in an environment assuring the proper conditions for vegetation. The seeds that were used for tests had been pre-selected (only robust and shapely seeds had been taken) to assure the best efficiency of sprouting.



Thirty seeds of charlock were sown on soil and placed in plastic plates of 14 cm diameter and 3 cm depth. In each series, seven plates were used (two of them for control purposes). After sprouting (in the second cotyledon phase), weak plants were removed, and 25 of the shapeliest plants remained. The same number of seeds as in the first series were then sown.



Eighteen seeds of oat were sown in a similar way as the charlock ones. After sprouting, weak plants were removed, and 15 of the shapeliest plants were left for further research. The same number of seeds as in the first series were then sown.



The plants were under observation at specified times every day, and the assessment was performed in five stages for the first series (the first assessment on the 4th day after the start of sprouting, the second assessment on the 7th day, the third assessment on the 11th day after sprouting, and the fourth and fifth assessments after 19 and 21 days after sprouting, respectively). Assessments were performed in four stages for the 2nd and 3rd series (the first assessment after three days of spraying, the second assessment 7 days after the first stage, the third one after 14 days, and the fourth one after 21 days).



Applied herbicides, species of plants, and application methods are shown in Table 2.





3. Results and Discussion


The results of the chromatography determination of herbicide residue in soil after detonative decomposition are listed in Table 3 and presented on chromatograms in Figure 1, Figure 2, Figure 3, Figure 4 and Figure 5. These contain the determinations of residue in samples from the neutral extraction of soil. An acid extraction of soil was also carried out, but in this case, there were no differences seen in chromatograms; thus, this part is not included here.



In the case of herbicides for which the bdl result was obtained, a small amount of the compound in the sample was detected (Table 3). The method used does not detect such low concentrations. For two herbicides (chloridazone and diuron), the highest amounts of the substance in the sample were detected, 9.28 mg/kg and 22.2 mL/kg, respectively.



Figure 1 and Figure 2 present chromatograms from the determination of in the sample atrazine and linuron. These substances elute from the column before soil components, for Tr = 16.576 (atrazine) and tR = 16.072 (linuron). Chromatograms do not contain a peak or a suggestion of the detector signal that would demonstrate the herbicide residue. At the retention times mentioned, an almost horizontal line appears in the chromatograms, proving the absence of these herbicides.



Lenacil elutes from the column after natural soil compounds for tR = 23.298 (Figure 3). For the determined retention time of lenacil, a flat line also appears on the chromatogram, which proves the absence of this herbicide.



Chloridazon elutes from the column of soil components for retention times tR = 17.895 (Figure 4). The chromatogram shows a clear peak with the retention time determined, which proves the presence of this herbicide in the soil.



Figure 5 presents chromatograms with marks of the retention parameter dinoseb acetate, which elutes from the column of soil components for tR = 17.651. For the determined retention time, no presence of this compound (dinoseb) was found, and the peak in the chromatogram is flat.



Prometrine elutes at tR = 17.703, together with the soil sample at tR = 17.708, from a proportion of peak value for reference signal from tR = 18.064 to tR = 17.708 with the allowance of blank test chromatograms and analyzed tests. Extracts did not contain any residue of prometrine.



Diuron decomposes in thermal conditions of gas chromatography, and it was determined by means of a high-efficiency liquid chromatography method instead. An absorbance of analyzed extracts was measured for light with a wavelength of 248 nm, and the content of diuron was read from the calibration curve.



An assessment of the effect of herbicides on charlock and oat was carried out according to the nine-grade EWRC scale (Table 4) [23].



The results of the series of biological tests are presented in Table 5, Table 6 and Table 7.



In none of the biological tests was a phytotoxic influence of applied extract on the plants observed. Incomplete sprouting (shown in Table 1) is a result of the lack of full (100%) sprouting efficiency, in spite of preliminary selection of the seeds. The outer appearance of the seeds was the criterion for selection, which proved to be an insufficient measure.



The results of the tests confirm the absence (or at most, trace amounts) of herbicides in the soil that had been sampled from the locations of detonative combustion.



Symptoms of the phytotoxic influence of herbicides were first observed in the charlock samples sprayed with dinoseb acetate and bentazone. Due to the complete destruction of the plants, the observations were stopped on the 12th day after the application of dinoseb acetate or bentazone. For the same reasons, the observations of the oat plants were stopped 18 days after spraying.



The oat plants that had been sprayed with atrazine demonstrated the minimum number of symptoms of phytotoxic effect during the overall course of the test. The other plants were completely withered 24 days after being sprayed with the herbicides.




4. Conclusions


In the examined soil samples that were retrieved after a detonative decomposition of herbicide, symptoms of a phytotoxic influence on the tested plants was not observed. This confirms the lack, or at most only negligible trace amounts, of residual herbicides found in the soil samples.



In the case of chloradizine and diuron samples retrieved after detonation, they contained high amounts of a residual biologically active substance, as can be seen in the results of the gas and liquid chromatography analysis. This was probably caused by an incomplete detonation of the sample. Nevertheless, it did not show any influence in the biological tests.
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Figure 1. Chromatogram from determination of atrazine residue in sample from soil extraction; tR = 16.576—atrazine. 






Figure 1. Chromatogram from determination of atrazine residue in sample from soil extraction; tR = 16.576—atrazine.
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Figure 2. Chromatogram from determination of linuron residue in sample from soil extraction; tR = 16.072—linuron. 






Figure 2. Chromatogram from determination of linuron residue in sample from soil extraction; tR = 16.072—linuron.
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Figure 3. Chromatogram from determination of lenacil residue in sample from soil extraction; tR = 23.298—lenacil. 






Figure 3. Chromatogram from determination of lenacil residue in sample from soil extraction; tR = 23.298—lenacil.
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Figure 4. Chromatogram from determination of chloridazon residue in sample from soil extraction; tR = 17.895—chloridazon. 






Figure 4. Chromatogram from determination of chloridazon residue in sample from soil extraction; tR = 17.895—chloridazon.
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Figure 5. Chromatogram from determination of dinoseb acetate residue in sample from soil extraction; tR = 17.651—dinoseb acetate. 






Figure 5. Chromatogram from determination of dinoseb acetate residue in sample from soil extraction; tR = 17.651—dinoseb acetate.
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Table 1. Thermodynamic parameters of the explosive blends based on ammonium nitrate and a herbicide component.






Table 1. Thermodynamic parameters of the explosive blends based on ammonium nitrate and a herbicide component.





	
Sample Number

	
ANFO

	
1

	
2

	
3




	
Name of the Flammable Component

	
Paraffin

Oil

	
Atrazine



	
Chloridazon



	
Linuron








	
Composition of the explosive:




	
Flammable component (%)

NH4NO3 (%)

	
5.47

94.53

	
10.49

89.51

	
10.79

89.25

	
12.91

87.09




	
Rated number of moles of individual elements per 1 kg of the explosive




	
Carbon

Hydrogen

Oxygen

Nitrogen

Others

	
3.88

55.36

35.45

23.63

	
3.891

51.540

33.548

58.346

0.487 Cl

	
4.850

48,481

33.936

23.756

0.485 Cl

	
4.664

48.710

33.677

22.798

1.037 Cl




	
Chemical composition of the explosion products (mole/kg of the explosive):




	
Carbon dioxide

Carbon oxide

Water (gaseous)

Nitrogen

Others

	
3.88

0.00

27.68

11.82

	
3.891

0.000

25.770

29.173

0.244 Cl2

	
4.850

0.000

24.241

11.878

0.243 Cl2

	
4.664

0.000

24.355

11.399

0.519 Cl2




	
Specific volume of the explosion products: Vo (dm3/kg)

	
972.16

	
1323.347

	
923.561

	
917.398




	
Heat of combination for the explosive: Qo (kJ/kg)

	
4444.64

	
4620.932

	
4563.368

	
4561.834




	
Total heat of combination for the explosion products: Qp (kJ/kg)

	
8194.82

	
7737.692

	
7747.163

	
7701.367




	
Heat of explosion: Qw (kJ/kg)

	
3750.17

	
3116.760

	
3183.795

	
3139.533




	
Concentration of energy: Ev (kJ/dm3)

	
3375.16

	
2805.084

	
2865.416

	
2825.580




	
Temperature of explosion: Tw (K)

	
2753

	
2026

	
2462

	
2558




	
Average specific heat of gaseous products of explosion: cv (J/mol K)

	
34.85

	
30.090

	
35.291

	
33.560




	
Exponent of the adiabatic curve: k

	
1.24

	
1.28

	
1.20

	
1.25




	
Explosion pressure: Pw (MPa)

	
893.76

	
895.608

	
759.214

	
783.554




	
Ideal work of explosion: A (kJ/kg)

	
3100.00

	
2689.764

	
2464.257

	
2618.371




	
Specific energy: f (kJ/kg)

	
993.06

	
995.120

	
843.571

	
870.616
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Table 2. Species of plants and methods of herbicide application.






Table 2. Species of plants and methods of herbicide application.





	Sample Number
	Commonly Used Name of Agent
	Chemical Structure
	Plant Species
	Application





	1
	atrazine

C8H14ClN5
	 [image: Energies 15 06980 i001]
	Oat **
	Through roots, directly to leaves from sprouting to the phase of 2–3 leaves



	2
	linuron

C9H10Cl2N2O2
	 [image: Energies 15 06980 i002]
	Charlock *
	As above



	3
	lenacil

C13H18N2O2
	 [image: Energies 15 06980 i003]
	Charlock *
	Through roots



	4
	chloridazon C10H8ClN3O
	 [image: Energies 15 06980 i004]
	Charlock *
	Through roots, directly to leaves from sprouting to the phase of 2 ÷ 3 leaves



	5
	dinoseb acetate

C12H14N2O6
	 [image: Energies 15 06980 i005]
	Charlock *

Oat **
	Directly to leaves from sprouting to the phase of 2 ÷ 3 leaves



	6
	prometryn

C10H19N5S
	 [image: Energies 15 06980 i006]
	Charlock *
	Through roots, directly to leaves from sprouting to the phase of 2 ÷ 3 leaves



	7
	diuron

C9H10Cl2N2O
	 [image: Energies 15 06980 i007]
	Charlock *

Oat **
	As above







Charlock *—Biała Nakielska, Oat **—Jawor.
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Table 3. Results of the determination of herbicide residue in soil.






Table 3. Results of the determination of herbicide residue in soil.





	Sample Number
	Biologically

Active Substance
	Content of Herbicide in ANFO Type Material (%)
	Result (mg/kg)
	Remarks





	1
	atrazine
	10.49
	bdl
	Dl = 7.5 mg/kg



	2
	linuron
	12.91
	bdl
	Dl = 2.75 mg/kg



	3
	lenacil
	8.15
	bdl
	Dl = 2.9 mg/kg



	4
	chloridazon
	10.79
	9.28
	Dl = 4.08 mg/kg



	5
	dinoseb acetate
	12.37
	bdl
	Dl = 2.8 mg/kg



	6
	prometryn
	8.74
	bdl
	Dl = 1.5 mg/kg



	7
	diuron
	11.69
	22.2
	Dl = 12 mg/kg







dl—determination level of biologically active substance, bdl—below determination level.
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Table 4. Quality valuation of herbicide influence on plants according to the 9-grade EWRC scale.






Table 4. Quality valuation of herbicide influence on plants according to the 9-grade EWRC scale.





	
Symptoms of Phytotoxic Effect on Harvestable Plants

	
Quality Valuation Number






	
No symptoms

	
1




	
Slight symptoms, insignificant withholding of growth

	
2




	
Slight but easily visible symptoms

	
3




	
More significant symptoms, e.g., chlorosis

	
4




	
Thinning, advanced chlorosis or strong muffling of plants

	
5




	
Strong damage, withering and dying of plants

	
6




	
7




	
8




	
Total destruction of plants

	
9
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Table 5. Results of the 1st series of biological tests.






Table 5. Results of the 1st series of biological tests.





	
Sample Number

	
Herbicide Agent

	
Plant

	
Test Number

	
Number of Seed Sown

	
Number of Seeds Sprouted

	
Sprouting

Efficiency (%)

	
Quality

Valuation

Number

	
Symptoms






	
1

	
atrazine

	
Oat

	
1

	
15

	
15

	
100

	
1

	
lack




	
2

	
15

	
15

	
100

	
1

	
lack




	
3

	
15

	
14

	
93

	
1

	
lack




	
4

	
15

	
15

	
100

	
1

	
lack




	
5

	
15

	
15

	
100

	
1

	
lack




	
2

	
linuron

	
Charlock

	
1

	
25

	
24

	
96

	
1

	
lack




	
2

	
25

	
25

	
100

	
1

	
lack




	
3

	
25

	
25

	
100

	
1

	
lack




	
4

	
25

	
23

	
92

	
1

	
lack




	
5

	
25

	
24

	
96

	
1

	
lack




	
3

	
lenacil

	
Charlock

	
1

	
25

	
23

	
92

	
1

	
lack




	
2

	
25

	
23

	
92

	
1

	
lack




	
3

	
25

	
24

	
96

	
1

	
lack




	
4

	
25

	
23

	
92

	
1

	
lack




	
5

	
25

	
22

	
88

	
1

	
lack




	
4

	
chloridazon

	
Charlock

	
1

	
25

	
23

	
92

	
1

	
lack




	
2

	
25

	
23

	
92

	
1

	
lack




	
3

	
25

	
22

	
88

	
1

	
lack




	
4

	
25

	
22

	
88

	
1

	
lack




	
5

	
25

	
24

	
96

	
1

	
lack




	
5

	
dinoseb

acetate

	
Charlock

	
1

	
25

	
22

	
88

	
1

	
lack




	
2

	
25

	
23

	
92

	
1

	
lack




	
3

	
25

	
25

	
100

	
1

	
lack




	
4

	
25

	
25

	
100

	
1

	
lack




	
5

	
25

	
24

	
96

	
1

	
lack




	
Oat

	
1

	
15

	
15

	
100

	
1

	
lack




	
2

	
15

	
15

	
100

	
1

	
lack




	
3

	
15

	
15

	
100

	
1

	
lack




	
4

	
15

	
15

	
100

	
1

	
lack




	
5

	
15

	
15

	
100

	
1

	
lack




	
6

	
prometryn

	
Charlock

	
1

	
25

	
23

	
92

	
1

	
lack




	
2

	
25

	
22

	
88

	
1

	
lack




	
3

	
25

	
24

	
96

	
1

	
lack




	
4

	
25

	
22

	
88

	
1

	
lack




	
5

	
25

	
23

	
92

	
1

	
lack




	
7

	
diuron

	
Charlock

	
1

	
25

	
25

	
100

	
1

	
lack




	
2

	
25

	
24

	
96

	
1

	
lack




	
3

	
25

	
22

	
88

	
1

	
lack




	
4

	
25

	
24

	
96

	
1

	
lack




	
5

	
25

	
22

	
88

	
1

	
lack




	
Oat

	
1

	
15

	
15

	
100

	
1

	
lack




	
2

	
15

	
14

	
93

	
1

	
lack




	
3

	
15

	
15

	
100

	
1

	
lack




	
4

	
15

	
15

	
100

	
1

	
lack




	
5

	
15

	
15

	
100

	
1

	
lack
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Table 6. Results of the 2nd series of biological tests.






Table 6. Results of the 2nd series of biological tests.





	
Sample Number

	
Herbicide Agent

	
Plant

	
Test Number

	
Quality Valuation Number




	
Stage 1

	
Stage 2

	
Stage 3

	
Stage 4






	
1

	
atrazine

	
Oat

	
1

	
1

	
1

	
1

	
1




	
2

	
1

	
1

	
1

	
1




	
3

	
1

	
1

	
1

	
1




	
4

	
1

	
1

	
1

	
1




	
5

	
1

	
1

	
1

	
1




	
2

	
linuron

	
Charlock

	
1

	
1

	
1

	
1

	
1




	
2

	
1

	
1

	
1

	
1




	
3

	
1

	
1

	
1

	
1




	
4

	
1

	
1

	
1

	
1




	
5

	
1

	
1

	
1

	
1




	
3

	
lenacil

	
Charlock

	
1

	
1

	
1

	
1

	
1




	
2

	
1

	
1

	
1

	
1




	
3

	
1

	
1

	
1

	
1




	
4

	
1

	
1

	
1

	
1




	
5

	
1

	
1

	
1

	
1




	
4

	
chloridazon

	
Charlock

	
1

	
1

	
1

	
1

	
1




	
2

	
1

	
1

	
1

	
1




	
3

	
1

	
1

	
1

	
1




	
4

	
1

	
1

	
1

	
1




	
5

	
1

	
1

	
1

	
1




	
5

	
dinoseb

acetate

	
Charlock

	
1

	
1

	
1

	
1

	
1




	
2

	
1

	
1

	
1

	
1




	
3

	
1

	
1

	
1

	
1




	
4

	
1

	
1

	
1

	
1




	
5

	
1

	
1

	
1

	
1




	
Oat

	
1

	
1

	
1

	
1

	
1




	
2

	
1

	
1

	
1

	
1




	
3

	
1

	
1

	
1

	
1




	
4

	
1

	
1

	
1

	
1




	
5

	
1

	
1

	
1

	
1




	
6

	
prometryn

	
Charlock

	
1

	
1

	
1

	
1

	
1




	
2

	
1

	
1

	
1

	
1




	
3

	
1

	
1

	
1

	
1




	
4

	
1

	
1

	
1

	
1




	
5

	
1

	
1

	
1

	
1




	
7

	
diuron

	
Charlock

	
1

	
1

	
1

	
1

	
1




	
2

	
1

	
1

	
1

	
1




	
3

	
1

	
1

	
1

	
1




	
4

	
1

	
1

	
1

	
1




	
5

	
1

	
1

	
1

	
1




	
Oat

	
1

	
1

	
1

	
1

	
1




	
2

	
1

	
1

	
1

	
1




	
3

	
1

	
1

	
1

	
1




	
4

	
1

	
1

	
1

	
1




	
5

	
1

	
1

	
1

	
1
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Table 7. Results of the 3rd series of biological tests (reference series).






Table 7. Results of the 3rd series of biological tests (reference series).





	
Sample Number

	
Herbicide Agent

	
Plant

	
Test Number

	
Quality Valuation Number




	
Stage 1

	
Stage 2

	
Stage 3

	
Stage 4






	
1

	
atrazine

	
Oat

	
1

	
1

	
1

	
5

	
6




	
2

	
1

	
2

	
4

	
7




	
3

	
1

	
1

	
5

	
7




	
4

	
1

	
2

	
5

	
7




	
5

	
1

	
2

	
4

	
6




	
2

	
linuron

	
Charlock

	
1

	
1

	
4

	
8

	
9




	
2

	
1

	
3

	
8

	
9




	
3

	
1

	
3

	
7

	
9




	
4

	
1

	
4

	
7

	
9




	
5

	
1

	
4

	
7

	
9




	
3

	
lenacil

	
Charlock

	
1

	
1

	
5

	
7

	
9




	
2

	
1

	
5

	
7

	
9




	
3

	
1

	
4

	
8

	
9




	
4

	
1

	
5

	
8

	
9




	
5

	
1

	
5

	
7

	
9




	
4

	
chloridazon

	
Charlock

	
1

	
1

	
4

	
7

	
9




	
2

	
1

	
4

	
7

	
9




	
3

	
1

	
3

	
8

	
9




	
4

	
1

	
3

	
7

	
9




	
5

	
1

	
3

	
7

	
9




	
5

	
dinoseb

acetate

	
Charlock

	
1

	
7

	
9

	
Observation stopped

	
Observation stopped




	
2

	
6

	
9




	
3

	
7

	
9




	
4

	
7

	
9




	
5

	
7

	
9




	
Oat

	
1

	
1

	
7

	
9

	
Observation stopped




	
2

	
1

	
6

	
9




	
3

	
1

	
7

	
9




	
4

	
1

	
7

	
9




	
5

	
1

	
7

	
9




	
6

	
prometryn

	
Charlock

	
1

	
1

	
4

	
8

	
9




	
2

	
1

	
4

	
7

	
9




	
3

	
1

	
3

	
7

	
9




	
4

	
1

	
3

	
7

	
9




	
5

	
1

	
3

	
7

	
9




	
7

	
diuron

	
Charlock

	
1

	
1

	
4

	
7

	
9




	
2

	
1

	
4

	
7

	
9




	
3

	
1

	
5

	
8

	
9




	
4

	
1

	
5

	
7

	
9




	
5

	
1

	
5

	
8

	
9




	
Oat

	
1

	
1

	
2

	
7

	
9




	
2

	
1

	
2

	
6

	
9




	
3

	
1

	
3

	
7

	
9




	
4

	
1

	
2

	
7

	
9




	
5

	
1

	
2

	
6

	
9
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