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Abstract – Despite the numerous studies reporting about pesticide interactions in inumerous environmental conditions, there is 

insufficient information relating their dynamics to the various textural classes of Brazilian soils and, consequently, the environmental 

problems caused by the use and application of these compounds. In this way, the objective of this study was to evaluate the atrazine 

dynamics through determination of the surface runoff and percolation in a Red Latosol cultivated with maize, through studies delineated 

in drainage lysimeter. Applications of atrazine at the recommended doses were performed weekly up to 44 days after emergence of the 

maize. Rainfall simulations (150 mm) were performed 24 and 48 h after each application, collecting samples of runoff and percolated 

water at intervals of 5 min. The samples were sent to the laboratory for analysis of physical and chemical attributes and determination of 

atrazine concentrations by GC-ECD. Concentrations above the maximum values allowed by the regulatory agencies were found in 

approximately 99.16% of the obtained samples. The presence of atrazine in runoff and percolated water was recorded. Until 30 days after 

emergence (DAE) of the crop, higher concentrations of the pesticide were observed in the runoff 24 h after application, mainly in the 

initial collection minutes. In the percolated samples high concentrations of the pesticide were found even with the development of the 

crop, however, usually being smaller to those observed for surface runoff. There was a good correlation between the GUS (Groundwater 

Ubiquity Score) index and the GOSS model and the results obtained. It is concluded that there is the possibility of transporting atrazine 

in surface runoff and percolation in the different phenological stages of the maize crop when submitted to sequential applications and 

under high precipitation conditions. 
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1.  Introduction 
In Brazil, the area farmed with maize in the 2018/2019 harvest reached approximately 16.8 million hectares, 

approximately 5.0 million in the first harvest and 11.8 million in the second harvest [1], placing the country among the top 

three world maize producers. 

However, with the intensification of agriculture in 2008 Brazil surpassed the United States of America and became the 

largest consumer market for agrochemicals in the world. This position continues until today. Despite the numerous benefits 

to the humanity, such as gains in crop productivity and sanity, there is evidence that the use of pesticides can compromise 

the quality of different environmental compartments. It can represents a risk of surface water and groundwater contamination 

[2] and soil [3]. 

Among the pesticides used in maize crops is atrazine. It is a selective, systemic, pre-emergence and post-emergence 

herbicide used in the control of weeds, mainly in maize and sugarcane crops to control weed competition. 

Although widely used in Brazilian agriculture, little is known about the dynamics of this molecule (atrazine) under field 

conditions using lysimeter and simulated rainfall. Therefore, the study is of great importance, both as regards to modern 

mailto:affonso133@hotmail.com
mailto:guilhermelziemer@gmail.com
mailto:andreia.schiller@hotmail.com


 

 

 

ICEPR 159-2 

agriculture and to environmental aspects and to the assessment of the risk of water contamination. In this way, the objective 

of the present study was to evaluate the potential of atrazine transport through surface flow and percolation in an area 

cultivated with maize in the different stages of development of the crop and in a condition of intense precipitation. 

 
2. Material and Methods 
2.1. Area of Study 

The field study is being developed using a drainage lysimeter installed in December 2013 in the area of the Protected 

Cultivation Station and Biological Control Professor Mário Cesar Lopes from the State University of the West of Paraná, 

Campus Marechal Cândido Rondon - PR – Brazil. The area is located under the geographic coordinates: latitude 24º 55' 

80.86 '' S and longitude 54º 04' 57.45'' W and altitude of 471 m in Red Latosol. 

The lysimeter, made of 8 mm thick acrylic material and 1 m² of base, contains an undisturbed soil sample of 1 m³. The 

sample is isolated laterally and in the background not allowing changes with the soil that gave rise to it. 

In the downstream wall of the lysimeter, near the soil surface, there are 3 holes which, connected through flanges, collect 

the surface runoff and a hole near the base (1 m depth) collects the leach flow. On it, a rainfall simulator was installed. The 

rainfall simulator allowed the control of precipitation intensity with the aid of a Davis® rain gauge with a Novus® data 

logger, which records precipitation data every 1 min. In order to evaluate the granulometric and chemical characteristics of 

the soil, the composite sampling was carried out in a zigzag with the use of Dutch soil auger. 

In the area, the corn crop, NS 50 PRO hybrid, was implanted on October 15, 2018. Seeds were conditioned at depth 3-

5 cm by adopting spacing between lines of 50 cm with 3 seeds per linear meter being sown (65,000 plants ha-1), in 

conventional planting system. 

 
2.2. Aplication and Sampling 

After the emergence of the crop, the commercial product Siptroil® was applied, which has a concentration of 40 % m.v-

1 of the active ingredient (atrazine). The dose used was 5.0 L ha-1 of the commercial product, as recommended for use in 

crop. Weekly applications of atrazine were performed up to 40 days after emergence (DAE), which coincides with the Critical 

Period of Prevention of Interference (CPPI) of maize, that is, a period in which the crop of economic interest can not suffer 

any interference of weeds.  

The rain simulations were performed 24 and 48 h after application of the pesticide, totaling 24 simulations. These rains 

correspond to pluviometric events of high intensity (150 mm), whose frequency of occurrence is low. Each rain simulation 

lasted 60 min. The runoff and percolate samples were collected at 5 minutes intervals and stored in polyethylene bottles, 

packed in thermal insulation boxes and transported to the laboratory where they were immediately analyzed. 
 

2.3. Physical and Chemical Analysis in the Laboratory 

In the laboratory, analyzes of chemical and physical parameters of the water samples were carried out. It was determined 

the pH (pHmeter, W3B model) and electrical conductivity (conductivity meter - model 4303) of the samples. Also, It was 

determined the level of total solids (TS), fixed solids (FS) and volatile solids (VS), total nitrogen (N) and total phosphorus 

(P) were determined. Also, it was determined the levels of the metals potassium (K), calcium (Ca), magnesium (Mg), copper 

(Cu), zinc (Zn), iron (Fe), manganese (Mn), cadmium (Cd), chromium (Cr) and lead (Pb) by atomic adsorption spectrometry 

(FAAS) [4]. 

Soil samples were submitted to chemical and granulometric analyzes. The granulometric analysis of soil samples for 

textural classification was performed using the pipette method [5]. The chemical analysis of soil fertility attributes was 

performed according to the soil chemical analysis manual recommended for the state of Paraná [6]. 

 
2.4. Chromatographic Conditions 

The runoff and percolated samples were submmited to liquid-liquid extraction (1.5 mL MTBE: 15 mL water, shaking 

VIBRAX at 1000 rpm for 2 hours), with subsequent determination of pesticide concentrations by GC-ECD (Adapted EPA 

8141) [7].  

The chromatographic conditions used for determination of atrazine concentrations by GC-ECD were: capillary column 

TR-5MS (5 % diphenyl and 95 % dimethylpolysiloxane with 30 m × 0.25 mm internal diameter × 0.25 μm film thickness). 

The conditions of chromatographic analysis were: temperature of the splitless injector of 250 ºC, initial temperature of the 
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oven of 120 ºC with heating ramp of 5 ºC min-1 to 200 ºC and detector temperature of 300 ºC, drag gas flow (N2) of 30.0 mL 

min-1 and split-stream of 2:5 in a run time of 20 min. 

 
2.5. Assessment of contamination potential (GUS and GOSS) 

To evaluate the potential of leaching of pesticides to groundwater, it was used the method proposed by [8, 9] to determine 

the GUS (Groundwater Ubiquity Score) index. By means of this method the GUS index is calculated using the values of the 

organic carbon adsorption coefficient (Koc) and half-life (t½ soil) of the pesticide, as presented in Equation 1, being the result 

classified as follows way: a) GUS < 1.8 => Does not suffer leaching; b) 1.8 < GUS < 2.8 => Transition Range; c) GUS > 

2.8 => Likely leaching. 

 

GUS = log (t½ soil) x (4 – log (Koc)) (1) 

 

The method developed by GOSS [9] adopts the half-life of the compound in the soil (DT50 in the soil), its solubility in 

water at 25 ºC and its soil organic matter adsorption constant (Koc) proposed to evaluate the potential of pesticides transport 

associated with sediment or dissolved in water to surface or groundwater. 

 
Table 1: Criteria proposed by the GOOS method for assesssing the risk of water contamination [9]. 

 

Groups Characteristics 

1 
t1/2 in soil  ≥ 40 days and Koc = 103 cm3 g-1 or t1/2 in soil ≥ 40 days, Koc ≥ 500 cm3 g-1; solubility in water ≤ 0,5 mg 

L-1 

2 

t1/2 in soil < 1 day or t1/2 in soil  ≤ 40 days, Koc ≤ 500 cm3 g-1 and solubility ≥ 0,5 mg L-1 or t1/2 in soil  ≤ 2 days and Koc 

≤ 500 cm3 g-1 or t1/2 in soil  ≤ 4 days, Koc ≤ 900 cm3 g-1 and solubility in water ≥ 0,5 mg L-1 

or t1/2 in soil  ≤ 40 days and Koc ≤ 900 cm3 g-1 and solubility in water ≥ 2 mg L-1. 

3 
Koc > 106 cm3 g-1, or t1/2 in soil < 1 day and Koc < 100 cm3 g-1, or t1/2 in soil < 35 days and solubility in water < 0,5 

mg L-1. 

4 
Koc > 106 cm3 g-1, or t1/2 in soil < 1 day and Koc < 100 cm3 g-1, or t1/2 in soil < 35 days and solubility in water < 0,5 

mg L-1. 

5 Average potential of contamination 

1 High surface water transport potential due to transport associated with suspended sediment; 2 Low surface water transport potential due to 

transportation associated with suspended sediment; 3 High transport potential of surface water due to being transported dissolved in Water; 4 Low 

surface water transport potential due to being transported dissolved in water; 5 Average potential contamination of surface waters due to being 

transported dissolved in water or associated with suspended sediment. Compounds that do not fit into any of the groups are considered to have average 

potential. 

 

3. Results and Discussion 
3.1. Characterizations 
3.1.1. Matrix effect 

In the chromatographic analyzes carried out, it is of great importance the knowledge of the effect that the matrix can 

cause in the determination of the analyte in question. In this way, runoff and percolated volumes were collected before 

pesticide application. A 15 mL aliquot of the liquid was sampled and accommodated in test tubes, adding 1.5 mL of MTBE, 

liquid-liquid extraction (10:1) and GC-ECD determination. As shown in Figures 1 and 2, no peaks were observed in time 

corresponding to the presence of atrazine, proving the absence of this molecule in the soil solution in the period prior to the 

beginning of the study. 
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Fig. 1: Matrix effect of surface water runoff before pesticide application. 

 

 

Fig. 2: Matrix effect of percolated water before pesticide application. 

 
3.1.2. Soil Samples 

The physical and chemical analyzes of the soil samples of the study area were carried out, whose results for chemical 

elements indicating soil fertility and pH are shown in Table 2. 

It was determinated the parameters: pH CaCl2, sum of bases (SB), saturation by bases (V%), level of organic matter 

(OM), CTC, levels of P (Mehlich-1), K+, Ca2+, Mg2+, Al3+, H+Al, Cu2+, Zn2+, Fe2+, Mn2+, levels of sand, silt and clay. 

 
Table 2: Analytical results of fertility indicators in soils sampled. 

 

Sample 
 P OM pH CaCl2 H + Al Al3+ K+ Ca2+ Mg2+ SB CTC V Al 
 mg dm-3 g dm-3 0.01 mol L-1 ------------------------------cmolc dm-3--------------------------- % 

ERL¹ 
 

32.24 17.09 5.77 2.57 0.00 0.72 4.22 1.15 
          

6.09  
          

8.66  70.32 0.00 
              

¹ eutrophic RED LATOSOL LQ (limits of quantification): K = 0.01 cmolc dm-3, Ca = 0.005 cmolc dm-3, Mg = 0.005 cmolc dm-3. 
 

The evaluation of these parameters is fundamental to understand the dynamics of the molecules in the soil and the risk 

of contamination of surface and groundwater. It is known that the process of atrazine adsorption in the soil is deeply 

influenced by the composition, soil pH and amount of herbicide applied [10]. González-Márquez and Hansen [11] when 

evaluating the effect of soil parameters on the natural attenuation of atrazine concluded that the higher organic matter content 

observed generates the higher the atrazine adsorption. 

Biodegradation of the molecule can also be influenced by soil fertility. Degrading microorganisms use atrazine as a 

source of energy and nutrients. According to Abigail [12], the presence of carbon and mineral nitrogen in the soil limits the 

biodegradation of atrazine, since microorganisms use the sources that are readily available for their metabolism, thus not 

using the pesticidal molecule as an energy source. 

The levels of Cu2+, Zn2+, Mn2+ and Fe2+ founded in the samples are considered high, however, they are smallre than the 

limit allowed by Resolution N° 420, of December 28, 2009 from Brazil National Council of Environmental (CONAMA) 

[13]. The levels of Cd2+ and Cr showed values smaller than the limit of quantification. In the other way, the levels of Pb2+ 

are higher can be originated from natural composition of the soil or human actions.  
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Table 3: Content of metallic elements of agronomic importance and toxic metals present in soil. 
 

Sample 
Cu2+ Zn2+ Mn2+ Fe2+ Cd2+ Pb2+ Cr 

-----------------------------------------------------µg g-1----------------------------------------------------- 

ERL 10.9 12.2 130 36.2 <LQ 24 <LQ 

                
LQ (limits of quantification): Cu = 0.005 µg g-1, Fe = 0.01 µg g-1, Mn = 0.01 µg g-1, Zn = 0.005 µg g-1, Cd = 0.005 µg g-1, Pb = 0.01 µg g-1, Cr = 0.01 µg g-1. 

   
The results of the physical analyzes of the soil, whose objective was to determine the textural characteristics of the soil 

(sand, silt and clay) to determine the respective granulometry are presented in Table 4. 

 
Table 4: Granulometric composition of the soil. 

  

Samples 

Clay Silt Sand 

------------------------------------------------------g kg-1--------------------------------------------------------- 

ERL 477.00 314.08 208.92 
    

 
The values observed in Table 4 are characteristic of a Red Latosol, presenting high clay contents. In this way the soil of 

the study area can be classified as granulometry as Type 3 soil, or soil with a clayey texture, since it has a clay content higher 

than 350 g kg-1. 

It is important to emphasize that the characterization of soil texture is another important factor in studies that aim to 

evaluate the dynamics of pesticide molecules in the soil and their potential for contamination of surface and groundwater. 

According to Wang & Keller [14] the adsorption of atrazine in soils of clayey texture is higher when compared to soils of 

medium or sandy texture. 

 
3.2. Atrazine in water from runoff and percolated 

Samples of runoff and percolated water were analyzed by gas chromatography (GC-ECD). The results obtained are 

presented in Figure 2. 

The Brazilian legislation through Ordinance Nº 5 of September 28, 2017, Annex XX of the Ministry of Health establishes 

the MAV (maximum allowed value) of 2 μg L-1 of atrazine in drinking water [15], for the water samples level, being the 

same value established by CONAMA of Resolution 357 [16]. In the European Union, the MAV of atrazine in drinking water 

is 0.1 μg L-1 [17] and in the USA it is limited to 3.0 μg L-1 [18]. 

The analytical results demonstrate the presence of atrazine in runoff and percolation. The samples from the runoff had 

atrazine concentrations between 320 and 252,060 μg L-1, while in percolated concentrations concentrations between 0.00 

and 25.790 μg L-1 were found. Therefore, of the 240 water samples obtained, only two presented values within the limits 

established by the legislations cited above. It is noteworthy that in all the samples in which the herbicide was detected, the 

values found are higher than the legislation. 
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Fig. 3: Atrazine concentration in volumes of runoff and percolated obtained in maize crops with rain simulation (150 mm) in different 

phenological stages of the crop. 

 
When analyzing the presence of the pesticide in the water samples throughout the different stages of development of the 

crop, it is observed that the concentration of atrazine in the samples collected up to 30 days after the emergency are higher 

in the runoff collected 24 h after the application of the pesticide when compared to the samples after 48 h. In the 36 day 

period up to 44 days after the emergency, variations occurred sometimes obtaining after 48 h higher concentrations compared 

to the previous 24 h. 

Observing the time intervals presented in Figure 3, for the runoff samples collected after the first 24 h, it is suggested 

that the highest concentrations of pesticides are found during the initial collection times and during the simulation the 

concentrations usually decrease. Observing the graphs obtained through the runoff after 48 h, it is possible to observe a 

variation of concentration between the different collection times, not depicting uniformity. On the other hand, the analytical 

result of the percolate samples (24 and 48 h) after application of the herbicide, demonstrates that there is no uniformity in 

the concentrations of atrazine found in different collection times. However, it is worth mentioning that even with the 

development of the crop high concentrations of atrazine are found in percolated samples at 43 and 44 DAE. 

It is worth mentioning that the dynamics of pesticides in the environment is a result of environmental combinations and 

physical and chemical properties of the molecule. Atrazine shows high solubility in water at 20 °C (35 mg L-1), log Koc (100). 

The presence of atrazine in water may be related to the Kow and Koc index that the molecule presents, since these properties 

are directly related to the dynamics of the molecule in the environment. The Kow also known as octanol water partition 

coefficient, represents the lipophilicity of the molecule, with a 2.75 index for the pesticide in question, suggesting a high 

leaching potential [19]. This corroborates the finding of high concentrations of the molecule in runoff and percolated samples. 

On the other hand, Koc estimates the tendency of partitioning of the pesticide in the liquid phase to the soil organic matter 

[20], thus indicating the tendency of adsorption of the herbicide by the organic carbon present in the soil [21]. 

The physical and chemical properties of atrazine are shown in Table 1, which are used to determine the GUS index and 

GOSS method used to evaluate the dynamics of the pesticide molecule in surface and groundwater. 
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Table 5: Physical and chemical properties of the active principle atrazine for the determination of the GUS and GOOS index [9]. 

 

Active Principle Koc (a)    DT50 soil (b)      DT50 water 
       Solubility in water 

20 ºC (mg L-1) 

     Atrazine         100 75 86           35 
(a)Koc: Coefficient of partition to organic matter (mL g-1) (b) DT50: Time of half life [22] 

 

The value obtained for atrazine using the GUS index is 14.6. According to the index, molecules with values greater than 

2.8 are classified as pesticides that are likely to undergo leaching. Classification by the GOSS method suggests that atrazine 

is classified in the group of pesticides that present high transport potential of surface water due to being transported dissolved 

in water. It is observed that the classification according to GUS index and GOSS method corroborate with the data obtained 

in the present study, confirming that there is the possibility of atrazine transport in this soil class under the conditions 

employed. 

It is important to note that the results found are similar to those observed by other researchers in different studies under 

different conditions. According to Dores [23] in a study conducted in oxisols, triazines have great potential for contamination 

of groundwater and surface due to their high solubility, persistence in the environment and low adsorption to soil. In a study 

carried out by Schimidt [24] the sorption and desorption of thiamethoxam and atrazine were evaluated in different 

management systems, using the experiment in a soil classified in clay dystroferric Red Latosol, which predominates clay in 

its constituents. 

According to Silva and Azevedo [25], atrazine has a low vapor pressure and moderate water solubility. Therefore, in a 

water-soil system these herbicides present a moderate adsorption to the organic matter and clay, high persistence in soils, 

slow hydrolysis and a high potential of surface runoff. Due to this behavior, its residues can contaminate the soil and 

groundwater. In addition, the mobility of these compounds can be influenced by climatic conditions such as rainfall index 

and temperature, as well as intrinsic soil characteristics [26]. 

 
4. Conclusion 

Concentrations above the maximum values allowed by the regulatory agencies (CONAMA/USEPA/European 

Parliament) were detected in approximately 99.16 % of the samples obtained. The presence of atrazine in runoff and 

percolated water was recorded. Up to 30 days after emergence of the crop higher concentrations of the pesticide were 

observed in the runoff 24 h after application mainly in the initial collection minutes. 

In the percolated samples, high concentrations of the pesticide were found even with the development of the crop, 

however, usually being smaller than those observed for surface runoff. There was a good correlation between the GUS index 

and the GOSS model and the results obtained. It is concluded that there is the possibility of transporting atrazine at runoff 

and percolation at the different phenological stages of the crop when submitted to sequential applications and under high 

precipitation conditions (150 mm). 
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