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Autorreferat: 

In der vorliegenden Thesis wurde die Verweildauer des Herbizid-Wirkstoffes Chlortoluron in 

Bodenproben untersucht. Dazu wurde das Herbizid „CTU 700“ in verschiedenen 

Aufwandmengen (3, 6 und 12 l/ha) in einem Feldversuch ausgebracht. Im Anschluss wurden 

über 3,5 Monate Bodenproben gezogen und im Labor mittels Rückstandsanalyse untersucht. 

Anschließend wurde eine HPLC-Analyse durchgeführt, um eine Aussage darüber treffen zu 

können, welche Rückstandsmengen die verschiedenen Aufwandmengen im Boden nach diesen 

3,5 Monaten verursachen.  

In the present study, the retention time of the herbicide active substance Chlortoluron in soil 

samples was investigated. For this purpose, the herbicide “CTU 700” was applied at different 

application rates (3, 6 and 12 l/ha) in a field trial. Soil samples were then taken over a period of 

3.5 months and analyzed in the laboratory using residue analysis. Subsequently, a HPLC 

analysis was carried out to investigate the effects of different application rates on the behavior 

of Chlortoluron in soil over a period of 3.5 months.  
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1. Introduction 
 

The use of Plant protection products is a frequently used working method in agriculture. The 

aim of their use is to protect crops from harmful organisms such as weeds, pests and fungi. 

Herbicides, in particular, with their toxic effect on monocotyledonous and dicotyledonous 

weeds, are used regularly. Domestic sales of herbicides in Germany amounted to 16,850 t in 

2022 [1]. This is significantly higher than domestic sales of fungicides (11,529 t) [2] and 

insecticides (969 t) [3]. For many farmers, the use of herbicides is a reliable way of ensuring 

the development of their crops and their yields [4]. These act by either being absorbed via the 

roots and leaves of the weeds or both and inhibiting metabolic processes or destroying tissue 

[5]. The residence time of herbicides determines how long the active substance remains 

effective in the plant and also in soil for weeds that germinate later. Although this persistence 

is beneficial for the further control of weeds, the effect of herbicides also has undesirable effects 

in soil [6]. Their use can result in the restriction of certain substance conversions. High 

concentrations of urea herbicides, for example, inhibit the conversion of nitrite to nitrate, which 

can lead to nitrite accumulation in soil [7]. If these or other Plant protection product components 

seep into soil, they can be released into the groundwater. According to the Federal Environment 

Agency, one third of all groundwater bodies in Germany were in poor condition in 2022. The 

main causes of this are Plant protection products and nitrate [8]. It is also possible that Plant 

protection products leave residues in plants and animals due to their persistence, which can be 

detected when they are used as food [9]. In this way, the unwanted chemicals can enter the food 

chain of humans and animals. In 2021, residues of Plant protection products were found in 65% 

of the grain sampled in Germany and in 34% of food of animal origin [10]. Plant protection 

products can also enter our food chain through neighboring surface waters, which are 

particularly contaminated by precipitation after the application of the product. The water from 

the streams ends up in rivers and from there in the oceans. The organisms living in the water, 

such as fish and crabs, which serve as a food source for mankind, absorb the chemical 

components [11]. However, as long as the Plant protection product residues in food are below 

0.01 mg per kg, there is no risk to the consumer, according to the European Parliament [12]. In 

addition to the aspects mentioned, the retention time of Plant protection products also influences 

the future cultivation planning of agricultural companies. Certain herbicide substances, for 

example, present a risk when cultivating subsequent crops, as they can cause damage. [13]. 
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1.1 Research Objectives  

 

Due to the numerous reasons given above, accurate information regarding the persistence of 

Plant protection products active substances is important. Therefore, the aim of the present study 

is to determine the persistence of the herbicide active substance Chlortoluron in soil. This 

includes the extraction of soil samples taken at regular intervals, followed by analysis using 

HPLC. Furthermore, the persistence of Chlortoluron with different application rates was tested 

to make predictions about the influence of higher concentrations on the retention time in soil. 
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2. Theoretical Background  

 

2.1 Chlortoluron 

2.1.1 Description of the active substance  

 

The active substance Chlortoluron is a herbicide from the phenylurea class of substances. It is 

composed of a chlorinated and methylated phenyl group, which is linked to a dimethylurea. 

[14]. The composition of Chlortoluron is illustrated in figure 1. 

 

 

Figure 1 Composition of Chlortoluron and other phenylurea herbicides [14]. 

 

Chlortoluron was introduced in 1969 by the Swiss company “Ciba AG” (now BASF SE) as a 

selective soil and foliar herbicide [15]. It is used both in fall and in spring on fall seeded cereals. 

It is effective against a wide range of monocotyledonous and dicotyledonous weeds (figure 2) 

[15]. 
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Figure 2 Application Areas of the herbicide "CTU 700" [16]. 

 

As a phenylurea, Chlortoluron acts as a photosynthesis inhibitor. This means that the active 

substance blocks the light-dependent electron transport and oxygen evolution during 

photosynthesis [17]. Inhibiting photosynthesis ultimately results in the weeds being unable to 

produce energy [18], and thus consequently die. According to the Federal Office of Consumer 

Protection and Food Safety, the active substance is currently approved in 9 Plant protection 

products in Germany. These include the products “Carmina 640”, “CTU 700” and “Lentipur 

700” [19].  

 

2.1.2 Degradation in soil  

According to Thier and Frehse, every soil consists of the same components, but with different 

compositions. These include an inorganic part consisting of mineral substances and their 

chemical compounds, a non-living organic part (humus), and the living soil organisms. 

Additionally, water and gases are also present [14]. Thus, soil is a very complex habitat. 

Therefore, it is understandable that Plant protection products do not always behave the same 

way in soil [20]. This even applies to the same product in different types of soil [14]. However, 

it is a fact that all Plant protection products are adsorbed at varying degrees by soil components 

[21]. The extent to which an active substance is bound to the surface of soil particles is described 

by the adsorption coefficient (KOC). A high KOC indicates low mobility of the product in soil. 

This means that the active substance is strongly bound to the soil particles, making it more 

difficult for it to be displaced by water. This results in slower degradation [22]. The 

classification of the adsorption coefficient can be found in table 1. 
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Figure 3 Steps of residue analysis of Plant protection products, modified according to Thier and Frehse 

[14] and Schwack, Anastassiades and Scherbaum [25]. 

 

2.2.1 Soil sampling  

Before the soil samples can be analyzed, they must first be provided. To obtain a representative 

soil sample, according to the Federal Office for the Environment, Forests and Landscape in 

Bern (Switzerland), several individual samples from an area should be combined into a 

composite sample. It is assumed that the pollutant content of the composite sample corresponds 

approximately to the mean value of the pollutant content of the sampled area [26]. According 

to the Bavarian State Institute for Agriculture, it is also important that these individual samples 

are evenly distributed over the area. In addition, the resulting composite samples should be 

stored in a frozen state until they are analyzed [27], as otherwise there is a risk of loss of active 

substances [28]. Soil sampling should be carried out on arable land at a depth of 20 to 30 cm 

[29]. Usually, a drill stick (soil sampler), a hammer, a scraper, a container for mixing the 

samples, sealable bags and a pen for marking the bags are used for this purpose [27]. After 

taking a soil sample, the drill stick should be cleaned up to avoid contamination [29]. 

 

2.2.2 Sample preparation 

The preparatory steps of a soil analysis in the laboratory include homogenization, drying and 

crushing or sieving the sample [30]. Sieving is used to achieve uniform particle sizes, which 

facilitates the extraction step [31]. The drying process is used to obtain knowledge about the 

dry matter, which is needed, to calculate nutrient contents or Plant protection product residues 

in soil [32]. In addition, the drying of soil samples simplifies homogenization and weighing of 

the individual samples. In this present study, drying of the soil samples was not possible, 
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because previous tests showed that drying using a drying chamber and freeze-drying, resulted 

in high losses of the active substance Chlortoluron. As it is rather unusual to not carry out any 

drying, the common methods are described nevertheless. Drying can be performed using a 

drying chamber, by freeze drying or air drying. In the drying chamber, soil samples are dried 

for 24 h at 104°C [30]. Weighing the samples before and after drying determines the dry matter 

content of the soil [32]. Freeze-drying works by freezing a sample and placing it under vacuum, 

which results in a change from solid ice to vapor, without it going through a liquid phase. This 

creates a gentle drying, as no heat is required [30]. Paul et al. prepared soil samples for 

Chlortoluron residue analysis by crushing the air-dried samples with a mortar and sieving them 

[33]. Kocarek et al. chose a similar procedure. There, the soil was also dried, ground and then 

sieved through a 1 mm sieve [34].  

 

2.2.3 Extraction 

Once the sample has been successfully prepared and the required amount of soil has been 

weighed out, extraction takes place. The definition of extraction, according to Gressner and 

Arndt, is as follows: "Extraction (Latin extrahere = to pull out) refers to a separation process 

used to dissolve components from a mixture of substances using a suitable extraction agent 

(solvent), wherein no chemical reaction occurs between the extracted substance and the solvent" 

[35]. According to Thier and Frehse, the extraction step serves to separate Plant protection 

product residues from the test material as quantitatively as possible without changing their 

chemical state. To achieve a high yield, a suitable solvent must first be found and used. The use 

of polar solvents is typical for the extraction of Plant protection products from soil. The reason 

for this is that the residues of the active substances are strongly bound to the components of soil 

and the improved solubility of the substances in the solvent itself [14]. Solvents such as acetone 

[14], methanol [36], ethyl acetate [37] and water are used most frequently. Due to the strong 

bond between the active substance and soil, the homogenization of the sample with the solvent 

must take place over several hours on a shaking machine. Occasionally, this step must also be 

carried out by extraction in a Soxhlet apparatus or by hot air extraction [14]. For the extraction 

of the active substance Chlortoluron, Paul et al. used a 30 ml mixture of acetonitrile: 0.1 M HCl 

(9:1, v/v) as a solvent. This was added to 10 g of soil and 30 g of anhydrous sodium sulfate 

[33]. Kocarek et al. used a different method. There, 5 g of the dried and sieved soil sample was 

mixed with 5 ml methanol and then shaken for 15 hours in a shaking apparatus [34]. According 

to DIN ISO 11264, which deals with the determination of herbicides using HPLC with UV 
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detection, a mixture of water and acetone is suitable for extraction, which must be shaken 

together with 50 g of soil for at least 6 hours [38].  

 

2.2.4 Rough Separation 

Rough separation is used after the shaking process to separate the soil components and the 

solvent [25]. A filtration process is suitable for this purpose. By using a filter, e.g. made of 

paper, which is placed in a funnel, the solid components are separated from the liquid 

components [39]. The solid components remain in the filter (residue), while the filtrate, 

consisting of solvent and dissolved substance, collects in a vessel [40]. This process is 

illustrated in figure 4. In the literature, Paul et al. used a glass wool plug containing 5 g 

anhydrous sodium sulphate for filtration [33]. 

 

Figure 4 Illustration of a filtering process, modified [40]. 

 

2.2.5 Purification and Enrichment  

According to Thier and Frehse, the step of purification is important for residue analysis, as the 

sample contains a high proportion of natural substances of the substrate in addition to the 

desired active substance. The intensity of the purification depends more on the subsequent 

determination procedure than on the quantity of accompanying substances. There are a variety 

of methods for isolating or purifying Plant protection products from a sample. These include 

Column Chromatography, Gel Chromatography, Liquid-Liquid Partitioning, Solid Phase 
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Extraction and several others [14]. Paul et al. carried out a Liquid-Liquid extraction for 

purification using a separatory funnel, in which the filtrate was shaken out twice with 5 ml 

dichloromethane [33]. Purification according to DIN ISO 11264 was also carried out using this 

method. After extraction, 30 g sodium chloride and 150 ml dichloromethane or petroleum must 

be added. The mixture then must be shaken again for 5 minutes. The organic phase is then 

removed by decanting or using a suction device [38]. The purification step is not important in 

this study, as the samples were sufficiently purified after filtration. For this reason, the theory 

of the purification methods is not discussed further at this point.  

The following enrichment step serves to increase the concentration of the substance to be 

analyzed. This is achieved by removing the solvent [41]. The most used method is evaporation 

of the solvent [42]. A vacuum rotary evaporator was chosen for this study. It works by using a 

vacuum to lower the boiling point of the solvent, allowing evaporation at lower temperatures. 

The application of centrifugal forces through a rotational movement and the moderate heating 

of the samples facilitates the gentle evaporation of the solvent [43]. After successful evaporation 

of the liquids and any impurities, the concentrated components of the sample remain in the 

tubes. The next step is redissolution followed by determination. Paul et al. also carried out 

drying by evaporation to concentrate the sample. Redissolution was then performed in 5 ml 

HCl (0.1 mol) [33]. In DIN ISO 11264, a rotary evaporator was also used for enrichment. For 

this purpose, 40% of the sample must be measured after purification and then concentrated to 

1 ml at 40 °C. Subsequently, 1 ml of acetonitrile must be used for redissolution, which then has 

to be homogenized with 1 ml of purified water [38]. To ensure that no solids enter the HPLC 

analysis, a membrane filter can be used to transfer the samples into the appropriate sample vials 

after redissolution. 

 

2.2.6 Determination 

The next step in residue analysis is the determination of Plant protection products in the 

prepared samples. In instrumental analysis, chromatography is used as a common method. 

Chromatography includes three main areas, including Gas Chromatography (GC), Supercritical 

Fluid Chromatography (SFC) and Liquid Chromatography (LC). A special form of Liquid 

Chromatography is High-Performance Liquid Chromatography (HPLC) [44]. This is described 

in more detail below because it was selected as the method for the present study. HPLC is a 

separation process in which a mixture of substances is separated within a column using a 

stationary and a mobile phase. The basic principle of HPLC is that the substances to be 
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separated are distributed between two immiscible phases. The stationary phase is fixed, while 

the mobile phase moves past the stationary phase in a certain direction together with the 

substance to be separated. The stationary phase is therefore a solid or gel and the mobile phase, 

also known as the eluent, is a liquid. Separation takes place due to interactions between the 

mixtures of substances and the stationary phase. These interactions are based on the different 

physical and chemical properties of the compounds to be separated. Depending on how strongly 

a contained compound reacts with the solid, the slower it flows through the column in which 

the separation takes place. This process is called retention. The time that a substance needs to 

pass through is therefore the retention time [45]. A detector continuously measures the 

substances that are leaving the column. The resulting signals are recognized by a connected 

computer software and evaluated in a chromatogram, also known as an elution curve [46]. A 

chromatogram represents the dependence of the detector signal on the retention time. 

Calibration standards can be used to assign the retention time to the individual components 

based on the chromatograms created. Ideally, these are in the form of a Gaussian distribution, 

which is also referred to as a peak [44]. Figure 5 shows an example of a separation process in 

simplified form. The individual colors represent different components that are carried past the 

stationary phase in the mobile phase and thus separated. The component with the red symbol 

takes the longest time to pass the column and therefore it has the longest retention time and the 

last curve on the chromatogram [46]. 

 

Figure 5 Separation of a mixture of substances consisting of 3 components, with representation of the 

corresponding chromatograms, modified [46]. 
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The typical HPLC procedure is described below. At the beginning, the eluent is transported 

from the storage vessel into the degasser. This serves to avoid outgassing in other components 

of the HPLC, because the air can interfere with detection, due to its different spectral 

characteristics. From the degasser, the eluent continues to the pump and from there to the 6-

port valve (injector). This also takes up the sample, which usually comes from an automatic 

injector unit and is to be separated. From there, the eluent carries the individual components of 

the mixture of substances to be separated through the stationary phase (column), driven by 

pressure. The sample is separated in the column. The downstream UV/VIS detector registers 

the components present (analytes) based on their different absorption characteristics depending 

on the wavelength. [46]. A connected computer displays the results using chromatograms [45]. 

The simplified structure of an HPLC system is shown in figure 6. 

 

 

Figure 6 Simplified structure and components of an HPLC, modified [49]. 

 

There are a variety of HPLC columns, which differ in material, size and number of separation 

stages. The various solid-state materials include silica gel, aluminum oxide, magnesium silicate 

or activated carbon [48]. The length of common columns is 5 to 10 cm and the inner diameter 

is approximately 2 to 4.6 mm [50]. The number of separation stages of a column determines its 

separation capacity and therefore the success of the HPLC analysis. Which column is selected 

for the analysis depends on the properties of the respective analyte [48]. In the literature, a C18 

column is frequently used for the HPLC analysis of the herbicide active substance Chlortoluron 
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[33], [34], [38]. This consists of pure silica gel and is also referred to as the “all-rounder of 

liquid chromatography” [51]. The designation “C18” comes from the 18 carbon atoms that are 

coupled to the silane group [48]. 
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3. Material and Method 

 

3.1 Site description 

The soil samples required for this study were taken from a field trial located on the test areas of 

the German Agricultural Society (DLG) in Bernburg, Strenzfeld. According to the DLG, this 

location has an average annual precipitation of 511 mm and an average annual temperature of 

10.1 °C. These arable areas can be assigned the soil type loess-black soil, as well as soil points 

in the range of 65-94 [52]. This rating is based on a German scale from 0-100, with 100 as best 

soil in the context of quality, fertility and logistics [53]. Furthermore, the soil can be described 

as silty loam with the following proportions: 22 % clay, 70 % silt, 8 % sand. The pH value in 

the trial is 7.5 [52]. This field is particularly well suited for the detection of herbicide residues, 

as the soil composition prevents rapid leaching of the active ingredients in the event of 

precipitation. 

 

3.2 Trial description  

This field trial is a herbicide trial in winter wheat with 13 variants of 5 replicates each. The 

winter wheat (“KWS Donovan”) was drilled after grain maize on 16.10.2023 with a seed rate 

of 205 kernels per m² and a row width of 16.7 cm. Field emergence took place on 27.10.2023. 

The plots are 3 m wide and 15 m long. 6 different herbicides were applied to the 65 plots in 

total, except for 1 control variant, on 16.11.2023. 5 herbicides were applied in April 2024. The 

application was carried out using a bicycle sprayer with IDK 90-01 nozzles and a pressure of 2 

bar. The test plan is shown in figure 7. 

 

Figure 7 Plan of the field trial, with the relevant plots highlighted in blue and the control variant in green. 







23 

 

▪ HPLC, 1260 Infinity (Agilent Technologies, Inc.), consisting of:  

o Analytical Guard Column, 4.6 x 12.5 mm (Agilent Technologies, Inc.) 

o Automatic autosampler, G1329B, 1260 ALS (Agilent Technologies, Inc.). 

o Detector, G1365D, 1260 MWD VL (Agilent Technologies, Inc.). 

o Pump, G1311B, 1260 Quaternary Pump (Agilent Technologies, Inc.). 

o Refractive Index Detector, G1362A, 1260 RID (Agilent Technologies, Inc.). 

o Separation column, Polaris 5 C18-A 250 x 4.6 mm (Agilent Technologies, 

Inc.). 

o Thermostated column oven, CTO-10AS VP (Shimadzu Deutschland GmbH). 

▪ Laboratory shaker, SM 25 (Edmund Bühler GmbH). 

▪ Laboratory scale, LP 62008 (Sartorius AG Göttingen). 

▪ Measuring cylinder, 100 ml.  

▪ Micro-Centrifuge Tubes, 2.0 ml (VWR International, by Labcon North America) 

▪ Screw-cap vials, 100 ml. 

▪ Short Thread Screw Caps, ND9, 090300-T (BGB Analytik Vertrieb GmbH). 

▪ Short Thread Vial, 32 x 11.6 mm, 0 3 ml (BGB Analytik Vertrieb GmbH). 

▪ SpeedVac Concentrator, Concentrator 5301 (Eppendorf SE). 

▪ SpeedVac Concentrator, SVC-100H (Savant). 

▪ Syringe filter, 0.22 µm (BGB Analytik Vertrieb GmbH). 

▪ Test sieve according to DIN-ISO-3310/1. 5 mm (Retsch GmbH). 

▪ Volumetric flask, 100 ml. 

▪ Vortex 2 (IKA-Werke GmbH & CO. KG). 

3.3.4 Equipment and consumables in the field 

▪ Bucket, volume 10 l. 

▪ Drill stick, 30 cm deep. 

▪ Pen, permanent marker.  

▪ Scraper for the drill stick. 

▪ Sealable bags, volume 0.5 l. 

 

3.4 Sampling 

The samples were taken in late fall and winter, from November 2023 to March 2024, using a 

drill stick. For the present study, in addition to the control variant, only the plots in which the 

agent “CTU 700”, containing the active substance Chlortoluron, was applied were sampled. 
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The first sampling took place on 16.11.2023 directly after the application, the second on 

11.12.2023, the third on 26.01.2024 and the last on 07.03.2024. Four punctures (0-30cm) were 

made in each plot to obtain a composite sample. The first sampling directly after the herbicide 

application was carried out at a depth of 15 cm. The samples were then stored in a freezer. 

 

3.5 Soil Sample preparation 

In order to establish a suitable preparation method for the residue analysis of soil samples, 

various publications were used as guidance. These are DIN ISO 11246 from the German 

Institute for Standardization [38] and publications by Kocarek et al. [34] and Paul et al. [33]. 

Drying was not carried out in this study, as preliminary tests showed that both drying in a drying 

chamber and freeze-drying cause high losses of the active substance Chlortoluron. First, the 

frozen soil samples were defrosted, sieved in a 5 mm sieve and homogenized. Then 5 g of soil 

was weighed out in 3-fold repetition. Subsequently, 1 ml of Diuron standard (A2), which was 

mentioned in section 3.3.2, was added to each sample. This has a concentration of 10 µg/ml 

Diuron in ACN/H20 (50:50, v/v). Diuron serves as an internal standard, as it is a phenylurea 

with a similar structure to Chlortoluron. This was followed by extraction with 25 ml acetonitrile. 

The samples were shaken for 15 h at 200 rpm on a laboratory shaker. The samples were then 

filtered in a funnel using a pleated filter. The filtrate was collected in a beaker. From this, 

Eppendorf tubes with a volume of 1.5 ml were taken and then dried in a rotary evaporator 

(SpeedVac Concentrator), to increase the concentration, until there was no solvent left. The 

samples were then frozen. They were redissolved in 150 µl ACN/H2O (50:50, v/v) and then 

homogenized with the vortex. The samples from the second soil sampling (11.12.2023) onwards 

were concentrated twice in the SpeedVac Concentrator, as a low concentration was expected. 

Therefore, these samples had to be redissolved twice as well.  

 

3.6 HPLC analysis 

The standard residues in the samples were determined using HPLC. The conditions under which 

the HPLC device was operated are based on DIN ISO 11264 [38] and can be found in table 4. 

The gradient program is described in table 5. 
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▪ Calculation of concentration of Chlortoluron: 

       3 ∗ 700 𝑔 = 2100 𝑔 𝑝𝑒𝑟 ℎ𝑎 

▪ Area per drill stick:      

 𝜋 ∗ (0.9 𝑐𝑚)2 =  2.54 𝑐𝑚² 

▪ Area for 4 drill stick procedures:   

 2,54 𝑐𝑚2 ∗ 4 =  10.16 𝑐𝑚²  

▪ Chlortoluron per 4 drill stick procedures: 

      2100 𝑔 𝑝𝑒𝑟 ℎ𝑎 ∗ 10.16 𝑐𝑚2 = 21336 𝑔 

 

▪ With an average soil sample weight of 154.02 g for 4 samples, the target concentration 

of Chlortoluron per kg of soil for variant 8 is: 

21336 𝑔

154.02 𝑔
= 138 𝑔 𝑝𝑒𝑟 𝑘𝑔 𝑠𝑜𝑖𝑙 

  ≙ 1.38 mg per kg soil 

 

The average target concentration for variant 8, which received an application rate of 3 l per ha 

of the herbicide, is 1.38 mg Chlortoluron per kg soil. The same calculation is made for variant 

9 and 10, where the application rates are 6 and 12 liters per hectare, with an average soil sample 

weight of 141.92 g and 159.65 g. This results in a mean target concentration of 3.02 mg 

Chlortoluron per kg soil for variant 9 and 5.36 mg Chlortoluron per kg soil for variant 10.  

 

3.8 Calculation of the Chlortoluron value 

By adding the internal standard Diuron, the measured residue of Chlortoluron could be adjusted 

by calculation with the residues of Diuron. The recovery rate of the 2 substances was 

determined in 3 preliminary tests. It was found that the Chlortoluron had an average recovery 

rate of 13.2% lower than the Diuron. This was taken into account in the calculations using a 

factor of 1.132. The calculation table for the final value of Chlortoluron can be found in 

Appendix 2. 
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4 Results  
 

The results of the residue analysis using HPLC were output by the Agilent ChemStation 

software in the form of “short reports.” These contain, among other things, the chromatograms 

of the active substances and their concentrations. Such a report can be found in Appendix 1 for 

illustration purposes. A wavelength of 211 nm was selected for the evaluation of the residues 

measured in the HPLC and calibrated using the standard solutions described under 3.3.2, as this 

had the highest intensity for Chlortoluron. The data table for calculating the results of the soil 

samples from 16.11.2023 can be found in Appendix 2 for illustrative purposes. 

 

Chlortoluron residues in variant 8 over time 

The Chlortoluron residues measured in variant 8 for the 4 different soil sample dates are shown 

in figure 8. It shows the residues in mg per kg soil for the 5 field replicates (A to E). Each 

column is made up of 3 values that were determined in the laboratory by a 3-fold repetition, 

and the corresponding standard deviation. The exact numerical values can be found in table 6. 

Also shown in the diagram is the mean target concentration of 1.38 mg Chlortoluron per kg 

soil, which should have been detectable in variant 8 on the day of the herbicide application 

(16.11.2023).  

 

Figure 8 Chlortoluron residues for variant 8 in mg per kg soil ± standard derivation for the 5 field 

replicates over time. 
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Figure 9 Chlortoluron residues for variant 9 in mg per kg soil ± standard derivation for the 5 field 

replicates over time. 

 

The target concentration was only reached twice on 16.11.2023, in plot 9C and 9D. The residue 

measurements of the soil samples from 16.11.2023 show values in plots A, B and E that are 

roughly at the same level (2.74, 2.71, 2.93 g per kg of soil). Plots C and D, on the other hand, 

show slightly higher Chlortoluron residues in the soil at 3.41 and 3.67 mg per kg of soil. The 

standard deviations for the values of this soil sampling date are, with the exception of 9C (0.04 

mg per kg soil), quite high compared to the standard deviations of the other soil sampling dates 

(0.20 to 0.51 mg per kg soil). The soil samples from 11.12.2023 show a very high fluctuation 

of the residues with 0.99 to 2.40 mg per kg of soil. The standard deviations range from 0.02 to 

0.11 mg per kg of soil. The Chlortoluron residues of the soil samples from 26.01.2024 show a 

fairly uniform level for variant 9. The values here vary between 0.74 and 1.02 mg per kg soil, 

with the two plots 9A, 9C, 9D and 9E achieving values of 0.74 to 0.78 mg Chlortoluron per kg. 

The standard deviations here are between 0.01 and 0.14 mg Chlortoluron per kg of soil. The 

soil samples taken on 07.03.2024 also show Chlortoluron residues that do not fluctuate too 

much. Here, the values are between 0.45 and 0.76 mg Chlortoluron per kg soil with standard 

deviations of 0.02 to 0.07 mg per kg soil. In general, it is noticeable that the trend in variant 9 

is for the Chlortoluron residue in the soil to decrease over time. It is also worth mentioning that 

when looking at the general loss of active substances over time, the Chlortoluron residues in 

plots 9B and 9D show similar residues on 11.12.2023 and 16/01/2024. For example, the 
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Figure 10 Chlortoluron residues for variant 10 in mg per kg soil ± standard derivation for the 5 field 

replicates over time. 

 

The mean target concentration of 5.36 mg Chlortoluron per kg of soil was detected in 3 out of 

the 5 field replicates on 16.11.2023. The Chlortoluron content in the soil on 16.11.2023 on this 

date varies greatly between the individual field replicates. Values of 3.14 to 7.70 mg 

Chlortoluron per kg soil were obtained here, with high standard deviations of 0.35 to 0.57 mg 

per kg soil. 3.5 weeks after the herbicide application, on 11.12.2023, Chlortoluron residues are 

still varying in the range of 1.67 to 4.08 mg Chlortoluron per kg soil. The corresponding 

standard deviations are a lot smaller here compared to the first soil sampling date (0.04 to 0.28 

mg per kg of soil). The residues measured in the soil samples of 26.01.2024 are approximately 

at the same level in all field replicates (1.34 mg to 1.91 mg Chlortoluron per kg soil with 

standard deviations of 0.16 to 0.29 mg per kg soil). The soil samples taken on 07.03.2024 show 

fluctuating Chlortoluron residues. While the values in plots 10B, 10D and 10E are at 

approximately the same level (0.64 to 1.10 mg per kg of soil), the values in the A and C 

replicates are approximately almost 3 times higher than the mean value of the other 3 plots. The 

corresponding standard deviations range between 0.05 and 0.36 mg per kg of soil (table 8). The 

A and C replicates show with the residue of 2.51 mg per kg soil even higher Chlortoluron 

residues than at the previous soil sampling date (26.01.2024). When looking at the residues for 

variant 10 over time, it is noticeable that the Chlortoluron content in soil decreases over the 

months, except for some plots already mentioned in the current text. With this variant, it is also 
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5 Discussion 
 

Chlortoluron residues in the control variant 

In the soil samples taken directly after the herbicide application on 16.11.2023, low 

Chlortoluron residues were also detected in the control variant. As shown in figure 11, the 

measured values are below 0.08 mg Chlortoluron per kg of soil. The standard deviation for plot 

1E is comparatively so high, because of an outlier value. This can be seen in Appendix 2. 

Reasons for outlier values such as this may be due to insufficient homogenization of the soil 

samples, so that 1 of the 3 laboratory replicates contained more Chlortoluron. The measured 

values in all 5 field replicates should theoretically be 0, as no herbicide was applied in the 

control variant. The fact that small amounts of Chlortoluron were detected could be due to 

active substance residues in soil. 2 years previously, this field had been planted with spelt, which 

could also have been treated with the herbicide “CTU 700” or another herbicide, which contains 

the same active substance. Another reason could be that the field sprayer used for fertilizing 

and applying fungicides could have contained some residues of the active substance 

Chlortoluron. These could have been spread while fertilizing or spraying fungicides. Or the 

person pushing the bicycle sprayer could have spread the product on the other plots with the 

soles of their shoes by running after it. Contamination of the samples during soil sampling or 

laboratory work can be excluded, as the plots of the control variant were always examined first. 

Therefore, no carryover of the active substance is possible by the used equipment. 

 

 

Figure 11 Chlortoluron residues in the control variant in mg per kg soil ± standard derivation of the 3-

fold laboratory repetition, on 16.11.2023. 
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Chlortoluron residues in variant 8 over time 

The degradation of Chlortoluron over a period of 3.5 months is shown for variant 8 in figure 12 

and table 9. In these the mean values of the 5 field replicates with their standard deviations are 

represented, as well as the mean target concentration of 1.38 mg Chlortoluron per kg soil, which 

should have been detectable in the soil on the day of herbicide application. 

 

Figure 12 Average Chlortoluron residues of the 5 field replicas in variant 8 in mg per kg soil ± standard 

derivation over time. 

 

When looking at the residues on the day of application (16.11.2023), it is noticeable that the 

mean target concentration was achieved and even exceeded by 0.35 mg per kg soil by the 

average Chlortoluron residues. However, when looking at the calculation table (Appendix 2), 

it becomes clear that the target concentration could only be achieved by calculating using the 

correction factor. In this table the extraction losses of the internal standard (Diuron) for each 

sample can be seen. These amount to 40% on average. Only with using the correction factor of 

1.132, the Chlortoluron values of the individual samples could reach and even exceed their 

target concentrations. However, the correction factor is only an average value that was 

determined from previous studies. It is therefore possible that this may have caused 

Chlortoluron values that are higher than the target concentration of some samples. A solution 

for this calculation should be found for future investigations to avoid these high values. 

However, when looking at Appendix 2, there are some samples that did not reach the target 
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concentration for Chlortoluron. This could be due to the fact that the calculation is based on the 

surface area of the drill stick and the soil mass, among other things. However, the mass of soil 

extracted per 4 punctures with the drill stick varied considerably in some cases, so that the 

calculation using this procedure may not be entirely optimal. On the other hand, it is possible 

that the missing active substance was lost during the residue analysis. This could perhaps be 

due to the extraction or the solvent with which the active substances were extracted. Since 

Chlortoluron and Diuron are both very non-polar, it is possible that the acetonitrile/water 

mixture (50:50, v/v) is too polar for 100% extraction. However, various solvents were also 

tested in preliminary investigations, including diethyl ether, which is less polar. Nonetheless 

the result of these tests showed that acetonitrile/water (50:50, v/v) achieved the highest 

Chlortoluron residues. Further studies could therefore investigate whether the volume ratio of 

the solvents should be adjusted. For example, less water and more acetonitrile or more diethyl 

ether. This needs to be found out in further investigations. Another reason for the Chlortoluron 

residues, that were below or above the target concentrations, could be an uneven distribution of 

the herbicide. Since the herbicide was applied with a bicycle sprayer, it is possible, that the 

person pushing the sprayer could have caused operating errors (uneven driving speed, etc.), 

which can result in an uneven distribution of the herbicide. This could lead to lower or higher 

residues in some parts of the plot. Also shown in figure 12 is the fact that the Chlortoluron 

content in soil decreases over time at a single application rate of 3 l/ha and approaches zero. 

The standard deviations of the individual field repetitions also decrease over time. On 

16.11.2023, the standard deviation is still comparatively highest at 0.36 mg per kg of soil, 

followed by 0.27 mg per kg of soil on 11.12.2023 (table 9). There could be several reasons why 

the Chlortoluron residues on these dates vary so greatly between the field replicates. On the one 

hand, these mean values are based on the values of the 3-fold laboratory replicate, which also 

showed high standard deviations, as described in the results section. These may have been 

caused by insufficient homogenization of the soil samples due to their high moisture content, 

as no drying was possible. That could lead to a different Chlortoluron content in each of the 3 

weights of soil, that were taken for extraction. Other reasons for the deviations between the 5 

field replicates could possibly be attributed to the herbicide application. As the “CTU 700” was 

not applied with a field sprayer, but with a bicycle sprayer, the error caused by human operation 

should not be underestimated. In particular, an uneven distribution due to an uneven driving 

speed or the sprayer boom being held at an angle. It is also possible for the herbicide to stick to 

the boots of the person pushing the bicycle sprayer. This can lead to an uneven distribution of 

the herbicide on the ground. In addition, the plants may have shielded the soil to varying 
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Chlortoluron residues in variant 10 over time 

The mean Chlortoluron residues in the soil and their standard deviations for variant 10 over 

time are shown in figure 14 and table 11. The residues measured on the day of application could 

exceed the mean target concentration of 5.36 mg Chlortoluron per kg soil. On this date the 

average value measured is 5.50 mg per kg soil and therefore 0.14 mg higher as expected. The 

same reasons for exceeding the mean target concentration apply here as for variant 8 and 9. The 

starting value of the plots treated with 12 l herbicide per hectare on 16.11.2023 is 5.50 mg 

Chlortoluron per kg soil. After 3.5 months, this drops to an average value of 1.51 mg per kg of 

soil. Likewise to variants 8 and 9, the Chlortoluron residues show higher standard deviations 

on the first 2 soil sampling dates, which then become less after approx. 40 days, on 26.01.2024.  

 

Figure 14 Average Chlortoluron residues of the 5 field replicas in variant 10 in mg per kg soil ± 

standard derivation over time. 

 

However, in variant 10 the standard deviation of the measurements increases again on 

07.03.2024. This is due to possible outlier values. There, 2 of the 5 field repetitions (10A, 10C) 

had achieved comparatively extremely high residues. As these values were even higher than the 

values obtained from the same plots on 26.01.2024, there is probably a human-induced error 

here. The soil samples on 07.03.2024 were taken by a different person than the soil samples 

taken on the other dates, which could have resulted in Chlortoluron residues in the samples 

from the A and C repetition. Despite these outliers, the trend for variant 10 is that the active 
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was measured as in variant 8 (1.73 mg per kg of soil). At 5.50 mg per kg of soil, variant 10 had 

approx. 4 times as much residue as variant 8 with 1.73 mg per kg of soil. This fact indicates 

that the chosen method for residue analysis is definitely suitable. The fact that the ratio of 

residues between the variants (1:2:4) in the subsequent soil samples is no longer as accurate as 

on the first soil sample date is presumably due to degradation in soil. Since this is strongly 

influenced by a variety of reasons, such as precipitation, temperatures, microorganism activity 

and soil type, it is logical that Chlortoluron in soil degrades to a greater or lesser extent over 

time. According to the weather service, a summed-up precipitation of 234 mm fell between the 

date of the first and last soil sampling [52], which could favor leaching into deeper soil layers 

than the 30 cm sampling depth. In combination with the KOC of Chlortoluron, which was 

described in the theoretical background of this study, this is a possible explanation. Chlortoluron 

has a KOC of 108 to 384, indicating that 108 to 384 ml of soil solution is needed to dissolve or 

transport 1 g of the active substance. The amount of precipitation could therefore result in the 

Chlortoluron residues to partly leach into deeper soil layers. However, over the period of 3.5 

months, the trend remains visible that a higher application rate also leaves higher residues in 

soil. This is particularly noticeable when comparing the Chlortoluron residue of variant 10 on 

07.03.2024 (1.51 mg per kg soil) with the Chlortoluron residue of variant 8 on 11.12.2023 (1.15 

mg per kg soil). Here it can be seen that more Chlortoluron was detected in the soil after 3.5 

months with 4 times the application rate of “CTU 700” than after 26 days with a single 

application rate. It can therefore be concluded that the more herbicide is sprayed, the more 

residues can be detected in soil. Furthermore, higher concentrations (application rate of 12 l/ha) 

remain in the soil for a longer period of time, while lower application rates of 3 or 6 l/ha show 

after 3.5 months residues tending towards 0 and just above. Here, further tests could be carried 

out by taking additional soil samples to check how long it takes for the Chlortoluron to be 

completely degraded at the application rates. 

A comparison of the half-life period (DT50) of “CTU 700” (30 to 40 days) with the measured 

Chlortoluron residues shows that when applying 3 l/ha 66.18 % of the substance was still 

detectable in the soil after 26 days (table 12). As no measurements were taken after 40 days, 

but only after 70 days due to frequent snowfall and precipitation, no statement can be made as 

to whether only half of the herbicide was still detectable in the soil after 40 days. However, 

when looking at variants 9 and 10, where twice and 4 times the amount of herbicide was 

sprayed, it is noticeable that the DT50 of 30 days is the correct. At 6 l/ha (variant 9), 51.10 % 

of the active substance was still detected in the soil after 26 days, on 11.12.2023. At an 
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6 Conclusion 

 

The present results allow the following conclusions to be drawn: 

- The recommended application rate of 3 l/ha achieves a residue of 0.23 ± 0.04 mg 

Chlortoluron per kg soil after 3.5 months. 

- Higher application rates of 6 and 12 l/ha lead to higher residues in soil 3.5 months after 

application (0.57 ± 0.13 and 1.51 ± 0.82 mg Chlortoluron per kg soil). 

- From the results it can be deduced that higher application rates achieve higher 

concentrations in soil and therefore remain longer in soil. The effects of higher 

concentrations in soil and organisms and how long it takes for the different application 

rates to degrade fully could be investigated in further studies.  

- The ratio of the application rates to each other (1:2:4) is detectable in the soil samples 

taken on the day of application. This ratio is lost over time, due to degradation of the 

active substance. However, the trend that higher application rates produce higher 

residues in the soil remains visible. 

- The DT50 of 30 to 40 days specified by the “CTU 700” is correct for double and 

quadruple application rates. With a single application rate of 3 l/ha, however, approx. 

66 % of the active substance is still detectable in the soil after 26 days. In order to obtain 

a more precise statement about the accuracy of the DT50, soil samples should be taken 

after 30 and 40 days in further investigations. This was not possible in this study due to 

snow and precipitation. 

- With the selected method, only 60 % of the target concentration of the internal standard 

(Diuron) could be detected. This may be due to losses that occurred during the residue 

analysis or uneven herbicide application. With using the established correction factor 

for calculating the final Chlortoluron value, the corresponding target concentration 

could be exceeded in 30 out of 45 samples. Further tests could be carried out, to adjust 

the correction factor, the extraction method and the calculation of the target 

concentration of Chlortoluron, to achieve residues that do not exceed the target 

concentration, but are also not too far below. 

- For similar or further studies, it is advisable not to apply the Plant protection products 

with a bicycle sprayer, but with a motorized field sprayer that is either operated by a 

tractor or is self-propelled. The reason for this is the uneven distribution of the sprayer, 

which could have led to the high standard derivations between the field replicas and 

therefore influences the results.  
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7 Summary  

 

The use of herbicides is a frequently used method of weed control in modern agriculture. Precise 

knowledge of the persistence of the active substances used is important both for their long-term 

effect and for their impact on the environment. The aim of the study was therefore to use a prior 

established method for extracting different application rates of the phenylurea Chlortoluron 

from soil samples, with subsequent HPLC analysis. For this purpose, the herbicide “CTU 700” 

was applied in a field trial at the recommended application rate of 3 liters per hectare, but also 

at 6 and 12 liters per hectare. The soil samples, which were 30 cm deep, were taken at 4 different 

times over a period of 3.5 months, starting with the day of application in November and ending 

in March, to make a statement about the degradation of the active substance. In order to make 

a reliable statement, each variant was repeated 5 times in the field and 4 soil samples were taken 

per plot. For the residue analysis in the laboratory, each sample was repeated 3 times. The results 

of this study show that the residues of applying 3 l/ha amount to 0.23 mg Chlortoluron per kg 

soil after 3.5 months. The higher the application rates, i.e. 6 and 12 l/ha, the higher the residues 

in soil (0.57 and 1.51 mg per kg of soil). This means that the more herbicide is applied, the 

longer the active substance remains in soil. The effects of this increased amount of active 

substance in soil and how long it takes to be fully degraded could be investigated in further 

studies. The choice of method for residue analysis was appropriate as the ratio of the application 

rates (1:2:4) was visible in the soil samples on the day of application. However, individual 

parameters, such as the volume ratio of the solvent, could be tested in further studies, as the 

extraction losses of the internal standard were quite high with 40 %. The calculation of the 

target concentration for Chlortoluron and the inclusion of a correction factor should also be 

adjusted, as these resulted in Chlortoluron residues, that were higher than theoretically possible. 

In addition, the use of a bicycle sprayer probably led to an uneven distribution of the herbicide, 

which may have also influenced the results. Despite the potential for improvement, the chosen 

method managed to show the trend based on the pure HPLC values, and is therefore suitable.  
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Appendix 1: Short report of the HPLC of sample 8A.1 from the 16.11.2023. 
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Appendix 2: Table with data based on soil samples from 16.11.2023. The final Chlortoluron 

residue is highlighted in green.  

 

Chlortoluron in 

µg/ml

Diuron 

in µg/ml

Chlortoluron in 

µg/g soil

Diuron 

in µg/g 

soil

Chlortoluron in 

µg/g soil

Target 

concentration of 

Diuron in µg/g soil

1A.1 5,01 80,63 160,32 0,13 3,70 0,05 1,53 0,08 2,48 38,33 0,00

1A.2 5,00 80,63 160,32 0,09 3,56 0,04 1,47 0,05 2,48 40,67 0,00

1A.3 5,01 80,63 160,32 0,09 4,00 0,04 1,65 0,05 2,48 33,33 0,00

1B.1 5,02 80,63 150,31 0,04 3,70 0,02 1,52 0,02 2,47 38,33 0,00

1B.2 5,01 80,63 150,31 0,01 3,40 0,00 1,40 0,01 2,48 43,33 0,00

1B.3 5,04 80,63 150,31 0,04 2,90 0,02 1,19 0,03 2,46 51,67 0,00

1C.1 4,99 80,63 136,34 0,06 3,80 0,02 1,57 0,04 2,49 36,67 0,00

1C.2 5,01 80,63 136,34 0,06 3,80 0,02 1,57 0,04 2,48 36,67 0,00

1C.3 5,01 80,63 136,34 0,07 3,74 0,03 1,54 0,04 2,48 37,67 0,00

1D.1 4,99 80,63 151,16 0,06 3,68 0,02 1,52 0,04 2,49 38,67 0,00

1D.2 5,04 80,63 151,16 0,06 3,70 0,02 1,52 0,04 2,46 38,33 0,00

1D.3 5,01 80,63 151,16 0,05 3,70 0,02 1,53 0,03 2,48 38,33 0,00

1E.1 5,00 80,63 125,73 0,03 3,78 0,01 1,56 0,02 2,48 37,00 0,00

1E.2 5,00 80,63 125,73 0,32 3,82 0,13 1,58 0,19 2,48 36,33 0,00

1E.3 5,04 80,63 125,73 0,03 3,71 0,01 1,52 0,02 2,46 38,17 0,00

8A.1 4,99 80,63 159,52 2,12 3,79 0,88 1,57 1,24 2,49 36,83 1,34 7,13

8A.2 5,04 80,63 159,52 2,52 3,61 1,03 1,48 1,50 2,46 39,83 1,34 -11,92

8A.3 5,02 80,63 159,52 3,13 3,72 1,29 1,53 1,84 2,47 38,00 1,34 -37,57

8B.1 5,02 80,63 158,73 2,61 3,80 1,07 1,56 1,52 2,47 36,67 1,35 -12,94

8B.2 5,00 80,63 158,73 2,32 3,80 0,96 1,57 1,36 2,48 36,67 1,35 -0,79

8B.3 5,03 80,63 158,73 2,15 3,79 0,88 1,56 1,25 2,47 36,83 1,35 7,03

8C.1 5,01 80,63 143,10 3,40 3,74 1,40 1,54 2,00 2,48 37,67 1,49 -33,96

8C.2 5,00 80,63 143,10 4,31 3,73 1,78 1,54 2,55 2,48 37,83 1,49 -70,38

8C.3 5,01 80,63 143,10 3,63 3,54 1,50 1,46 2,19 2,48 41,00 1,49 -46,81

8D.1 5,01 80,63 154,57 2,64 3,67 1,09 1,51 1,57 2,48 38,83 1,38 -13,40

8D.2 5,02 80,63 154,57 3,03 3,36 1,25 1,38 1,87 2,47 44,00 1,38 -35,17

8D.3 5,04 80,63 154,57 2,93 3,79 1,20 1,55 1,70 2,46 36,83 1,38 -23,14

8E.1 5,03 80,63 154,16 2,99 3,78 1,23 1,55 1,74 2,47 37,00 1,39 -25,74

8E.2 4,99 80,63 154,16 3,29 3,61 1,36 1,50 1,98 2,49 39,83 1,39 -42,62

8E.3 5,01 80,63 154,16 2,75 3,64 1,13 1,50 1,64 2,48 39,33 1,39 -18,27

9A.1 5,01 80,63 153,95 3,84 3,68 1,58 1,52 2,28 2,48 38,67 2,78 17,97

9A.2 5,02 80,63 153,95 4,58 3,85 1,89 1,59 2,65 2,47 35,83 2,78 4,53

9A.3 5,03 80,63 153,95 5,64 3,79 2,32 1,56 3,28 2,47 36,83 2,78 -18,27

9B.1 5,02 80,63 134,27 5,06 3,70 2,08 1,52 2,99 2,47 38,33 3,18 6,16

9B.2 5,03 80,63 134,27 3,88 3,72 1,59 1,53 2,28 2,47 38,00 3,18 28,37

9B.3 5,02 80,63 134,27 4,85 3,74 2,00 1,54 2,85 2,47 37,67 3,18 10,53

9C.1 5,01 80,63 135,90 5,87 3,90 2,42 1,61 3,38 2,48 35,00 3,15 -7,50

9C.2 5,02 80,63 135,90 6,04 3,93 2,49 1,62 3,46 2,47 34,50 3,15 -9,95

9C.3 5,00 80,63 135,90 5,84 3,85 2,41 1,59 3,39 2,48 35,83 3,15 -7,89

9D.1 5,03 80,63 137,21 5,66 3,68 2,33 1,51 3,34 2,47 38,67 3,12 -7,33

9D.2 4,99 80,63 137,21 6,79 3,85 2,81 1,59 3,95 2,49 35,83 3,12 -26,90

9D.3 5,03 80,63 137,21 5,05 1,85 2,08 0,76 3,70 2,47 69,17 3,12 -18,76

9E.1 5,02 80,63 148,27 5,06 3,34 2,08 1,38 3,13 2,47 44,33 2,88 -8,53

9E.2 5,04 80,63 148,27 5,14 3,94 2,11 1,62 2,93 2,46 34,33 2,88 -1,53

9E.3 5,04 80,63 148,27 4,60 3,62 1,89 1,48 2,73 2,46 39,67 2,88 5,18

10A.1 5,03 80,63 167,46 5,48 3,14 2,25 1,29 3,47 2,47 47,67 5,11 32,09

10A.2 5,02 80,63 167,46 3,71 1,51 1,53 0,62 2,82 2,47 74,83 5,11 44,73

10A.3 5,01 80,63 167,46 3,84 1,51 1,58 0,62 2,93 2,48 74,83 5,11 42,68

10B.1 5,01 80,63 152,66 12,35 4,02 5,10 1,66 7,00 2,48 33,00 5,60 -24,97

10B.2 4,99 80,63 152,66 10,08 3,66 4,18 1,52 6,02 2,49 39,00 5,60 -7,48

10B.3 5,04 80,63 152,66 12,10 3,81 4,96 1,56 7,01 2,46 36,50 5,60 -25,23

10C.1 5,01 80,63 156,46 13,99 3,78 5,77 1,56 8,19 2,48 37,00 5,46 -49,87

10C.2 5,04 80,63 156,46 10,62 2,59 4,36 1,06 7,16 2,46 56,83 5,46 -30,99

10C.3 5,01 80,63 156,46 13,42 3,87 5,54 1,60 7,76 2,48 35,50 5,46 -42,05

10D.1 5,04 80,63 154,11 8,42 3,58 3,45 1,47 5,03 2,46 40,33 5,55 9,33

10D.2 5,03 80,63 154,11 5,63 1,62 2,31 0,67 4,23 2,47 73,00 5,55 23,84

10D.3 5,01 80,63 154,11 7,93 3,84 3,27 1,58 4,61 2,48 36,00 5,55 16,99

10E.1 5,01 80,63 167,54 9,89 4,00 4,08 1,65 5,62 2,48 33,33 5,10 -10,13

10E.2 5,03 80,63 167,54 9,88 3,85 4,06 1,58 5,71 2,47 35,83 5,10 -11,84

10E.3 4,99 80,63 167,54 8,06 3,39 3,34 1,40 4,98 2,49 43,50 5,10 2,36

Calculated on 1 g soil 

(100% DM) (incl. factor 

10 for concentration and 

factor 25 for extraction 

volume)

HPLC-residues

Sample 

number

Initial 

weight in g 

Dry matter 

(DM) in %

Dry Soil 

mass in g 

(80.63 % 

DM)

Deviation of 

chlortoluron 

from the target 

value in %

Target values 

chlortoluron 

µg/g soil (100% 

dry matter)

Extraction 

loss of 

Diuron in %

Correction of chlortoluron with 

internal standard diuron and the 

factor 1.132




