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Sustainable Remediation of Atrazine in Agricultural Fields by Reusing 

Contaminated Water for Irrigation 

Zohre KURT*1 

Abstract 

High yields of agricultural produce is reached traditionally by the application of fertilizers 

and/or pesticides. When agricultural soil is saturated with pesticides, any pesticide addition to 

the soil leaches and thus reaches the underlying groundwater. Preventing further contamination 

and remediation of this type of contamination remains to be a challenge. Although monitored 

natural attenuation has been shown as an ultimate solution for decontamination, additional 

applications have been introduced to rapidly achieve this goal. One solution that also contains 

economic benefits to the farmers is to pump and reuse. The study described here evaluates the 

possibility to use pump and reuse technique for atrazine. In this study, six field samples have 

been evaluated for their atrazine biodegradation capacity. By placing them in sterilized controls 

and inoculated active columns, field conditions are replicated to study the leaching and 

biodegradation at the topsoil of agricultural fields. The biodegradation capacities of inoculated 

active columns ranged between 34 and 75 mg/kg/day of atrazine. The results indicated that 

using the contaminated water for irrigation could eliminate the pesticide contamination from 

the soil and groundwater. Overall, this method provides a sustainable solution for pesticide use 

and remediation by minimizing the pesticide use in agricultural fields without affecting the 

yield of the planted crops.  

Keywords: Biodegradation, pesticide, atrazine, sustainable treatment, pump and treat 

 

1. INTRODUCTION 

Pesticide application is inevitable when high yield 

of the crops is desired. Most of the recommended 

pesticide amounts overdose the soil and cause 

contamination that not only stays in the soil but 

also leaches to the underlying groundwater [1-3]. 

Since groundwater is a source for agricultural 

irrigation, contamination prevents its use or 

requires expensive treatment methodologies [4, 

5]. One way to treat the contaminated 

groundwater is through microbial activities. 
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ORCID: https://orcid.org/0000-0001-8862-5846 

Biodegradation of pesticides in the soil has been 

studied extensively and when sufficient 

organisms, water, and electron acceptor were 

present it was shown that the soil is effectively 

decontaminated [6-9]. However, studies of 

biodegradation of pesticides in the groundwater 

have shown that microbial activity for the natural 

attenuation is slow and therefore the groundwater 

contamination can persist.  

With the scarcity of clean water resources, new 

technologies and methodologies need to be 
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developed to save and clean the currently 

available resources. Pump and treat, 

biostimulation and bioaugmentation are 

methodologies that can be used to decontaminate 

the groundwater. Recently, a pump and reuse 

technique that uses contaminated groundwater for 

irrigation has been described  where contaminated 

groundwater to remove nitrate from the 

groundwater was modeled and showed that 

decontamination of groundwater can be achieved 

while using the contaminant (nitrate) as a resource 

(in this case a fertilizer) [10]. The model showed 

that pump and treat could provide a sustainable 

treatment of the groundwater whereas reducing 

the fertilizer expenses for the farmers. However, 

the study did not include any experimental data 

showing that the model could actually work in 

field conditions and also could not provide any 

data for the microbial potential for 

bioremediation. 

The present study proposes that pesticide 

contaminated water can also be used in 

agricultural lands to remediate the contamination 

in the field while reducing pesticide use. Atrazine 

extensively used in the field, were selected to test 

this hypothesis. Therefore, soil samples were 

collected and analyzed for their physical 

properties and columns representing the topsoil of 

the agricultural fields were operated in the lab to 

observe how the pump and treat technique would 

work in the field.   

Atrazine is an a trizine herbicide found in many 

water bodies [11-13]. Its excessive use result in its 

appearance in the rivers and groundwater in many 

countries [14-17]. Although banned in the 

European Union, atrazine is still used extensively 

in maize weed controls in the USA [18], , the 

largest producer of corn in the world [19]. The 

excessive use of atrazine leads to groundwater 

contamination with concentrations reaching up to 

90 μg/L [20]. Therefore, its bioremediation is an 

important act that needs to be evaluated. In this 

study not only its bioremediation but its 

reutilization has been evaluated. 

One way to indicate the biodegradability is to 

study contaminated soils. Hence, soil samples 

were collected from different parts suspected with 

atrazine contamination for this study. Samples 

analyzed in this study showed that microbial 

activity was ubiquitous for atrazine. Field 

columns were designed and operated to mimic the 

topsoil in the field to evaluate the biodegradation 

capacities. Operating the field sample columns 

also revealed that biodegradation capacities of 34 

to 75 mg/kg/day for atrazine. 

The study described here demonstrates that the 

novel idea of using contaminated water for 

irrigation instead of on-site treatment could 

provide a sustainable treatment option. The 

findings were further verified using HYDRUS-

1D simulations. The overall results indicate that 

degradation in the topsoil is sufficient to prevent 

contamination of the groundwater underlying the 

agricultural field area whereas the adsorption and 

desorption in the soil provides pesticides 

concentration sufficient for the crops to grow with 

desired yield. 

2. MATERIALS AND METHODS 

2.1. Materials 

Atrazine (> 99.5 %), acetonitrile (> 99.9 %), di-

sodium phosphate (> 99.5 %) and mono-sodium 

phosphate (> 99.5 %) were bought from Sigma-

Aldrich, USA. Clay was from Milipore Sigma, 

sand (fine laboratory grade) was from Fisher 

Scientific and silt (as silt loam) was from 

AGCLASROOMSTORE . 

2.2. Analytical methods 

Detection of atrazine was accomplished using 

high-pressure liquid chromatography (HPLC) for 

liquid and soil or sediment samples. Liquid 

samples were centrifuged for 1 min at 3000 rpm 

prior to analysis, whereas soil and sediment 

samples were extracted with 50:50 acetonitrile 

water mixture by vortexing for 3 minutes and 

letting it sit for 12 hours, then the supernatant was 

centrifuged for 1 min at 3000 rpm prior to HPLC 

analysis. Atrazine was analyzed with an isocratic 

method where Merck reverse phase C18 

Chromolith column (100 mm, diameter 4.6 mm) 

was used with an Agilent 1260 HPLC with a flow 

rate of 0.5 ml/hr and injection volume of 40 μL. 

The atrazine was analyzed at 220 nm where the 
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minimum detection limits were 0.01 μg/L. The 

minimum detection limits were established based 

on the minimum concentration that could provide 

a measurable concentration through HPLC. 

2.3. Field samples 

The field soil samples were collected from 

agricultural soils known to be exposed to atrazine 

(date of application and concentrations not 

known) that were actively used for maize 

production in the Amasya, Balikesir and Denizli 

provinces of Turkey. The samples were analyzed 

for their atrazine concentrations, moisture content 

and porosity prior to microcosm or column 

preparation. Clay, silt, sand and the soil samples 

were dried in an oven preheated to 105°C for 12 

hours before measuring porosity and amount of 

contaminants. The porosity was estimated by 

adding known amount of water to the oven dried 

sample and the moisture content was determined 

by weighing the sample before and after being 

placed in the oven. The samples were then 

classified according to their particle size based on 

their sand, silt and clay contents after drying [21]. 

Maximum adsorption capacities of the samples 

were determined by measuring atrazine 

concentrations after different quantities of soil 

was incubated with atrazine initially on their 

solubility levels. The methodology was 

developed with the soil quantity that did not have 

a final concentration of zero at the equilibrium. 

Briefly, 50 ml of distilled water containing 5 

mg/L of atrazine was mixed with 1 g of dry soil, 

and the concentration of the mixture was 

measured before and 24 hours after adding the 

soil. Maximum desorption capacity of every soil 

sample was determined by filtering the soil after 

the adsorption tests, mixing 50 ml of distilled 

water with filtered soil samples, incubating the 

mixtures for 24 hours and measuring the released 

contaminant concentration to the distilled water 

via HPLC. All chemical and physio chemical 

analyses were performed in triplicates. 

2.4. Microcosm   

Microcosms were prepared in 50-ml bottles with 

5 grams of dry soil and 20 ml of 20 mM phosphate 

buffer at pH 7.4 and were sealed with Teflon lids. 

The microcosms were constructed sacrificially in 

duplicates, and they were incubated at room 

temperature between 21 and 25°C.  

Atrazine was added to the bottles from stock 

solutions with concentrations of 12.5 mg 

atrazine/L, and microcosms were vortexed for 1 

minute and placed in a shaker at 180 rpm. 

Controls were prepared with autoclaved soil that 

also contained the pesticides. The contaminant 

degradation was monitored by HPLC when a 

microcosm bottle as sacrificed and extracted for 

the analysis as described in the analytical 

methods.  

2.5. Enrichments for column incubation 

Enrichments were performed to validate the 

presence of degraders and to obtain a mixed 

culture for inoculating the columns that will 

determine the biodegradation potential of every 

soil.  The results from the experiments in this 

study were used to estimate the amount of atrazine  

that could be reduced or reused for each 

agricultural soil type. 

In order to prepare 0.1 diluted enrichments both 

for atrazine in Erlenmeyer flasks, the enrichments 

obtained after the final microcosm bottles were 

used. In every dilution, the contaminant 

concentrations were monitored until complete 

dissipation before additional 0.1 dilution was 

performed. The concentrations of the 

contaminants were measured by taking 1 ml 

samples from the Erlenmeyer flasks and 

extracting it with the sediment extraction 

procedure mentioned in the analytical methods. 

Final cultures used for the column studies were 

obtained after the overall 0.001 dilution of the 

original microcosm sample was reached.  

2.6. Column Studies 

Glass columns with 25 cm of height and 2.2 cm 

diameter were designed to mimic drip irrigation 

with flow rate of 60 ml/hr. similar to average solar 

dripper flow [22]. The pumped water was 

saturated with oxygen and contained either 10 mg 

atrazine/L, representing the concentration of the 

pesticide dissolved in water in the field. In order 
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to contain the filling material, the column 

contained stainless steel mesh on both ends with 

the size of 20 microns. Both ends of the column 

also contained sterile filters to prevent any 

external biological contamination (Figure 1). In 

order to determine the leaching and aerobic 

degradation capacity of atrazine in the topsoil in 

an agricultural field, the column was filled with 

sand and silt or soil samples from the field up to 

15 cm of height. The sand, silt and clay content of 

the field soil are provided in Table 1.  Clay was 

not used in the column because of its poor 

infiltration capacity.  

The sterile columns were prepared with the 

column materials mentioned above and 

autoclaved 3 times for 2 hours each at 121°C 

under 15 psi. The active columns were prepared 

with the field samples and were inoculated by 

adding 10 ml of either atrazine enriched cultures 

described in the microcosm method above. The 

enrichments containing either atrazine degraders 

had optical densities between 0.2 and 0.4 at 600 

nm. The contaminant concentrations were 

monitored via HPLC for influent and effluent of 

the columns.  

2.7. Model Simulation  

Model simulation was carried out using 

HYDRUS-1D package [23] for a soil column 

having a diameter of 1.1 cm with an active layer 

of 15 cm representing the topsoil. The entire 

modeled column was assumed to be 3 m deep 

representing a shallow vadose zone. The topsoil 

was assumed to be utilized for cultivation of corn, 

and the water uptake parameters of corn were 

taken from Hatipoğlu and Kurt (2019) and the 

water requirement of the corn was found using 

Criwar 3.0 based on the generic climate values of 

corn grown areas in Turkey [24]. The time frame 

for the corn growth was assumed to be from May 

to August. Based on the Criwar output data, the 

irrigation water requirement for the corn was 

considered as 290, 920, 2110 and 1815 m3/ha for 

the months May, June, July and August, 

respectively. Similarly, the crop 

evapotranspiration and coefficient were estimated 

for time period from May to August as 58, 117, 

223 and 190 mm, and 0.41, 0.70, 1.06 and 1.04, 

respectively.  

 

Figure 1 Schematic diagram of the column filled with 

sand, silt or field soil 

Adsorption, desorption and biodegradation 

parameters were determined based on the field 

sample analyses conducted as part of this study. 

The pesticide concentration was kept at the 

solubility levels of the pesticides in water when 

introduced to the system, and the rest of the water 

was assumed to be contamination free. The two 

scenarios that were constructed to represent drip 

irrigation were conducted with flow rates of 60 

ml/hr and 2 l/hr. representing the average solar 

drip systems and average conventional drip 

irrigation systems, respectively.  Control 

scenarios were constructed without any 

biodegradation. The total amount of the atrazine 

application was assumed to be 2.5 pound/acre (0.1 

mg / column modeled) representing the maximum 

allowed quantity [18]. The rest of the parameters 

were kept as default within HYDRUS 1-D. 

3. RESULTS AND DISCUSSIONS 

3.1. Estimating field sample characteristics 

The soil samples collected for the study were 

characterized according to their silt, clay and sand 
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content after being autoclaved and dried (Table 

1). The results showed that the majority of the 

soils were classified as loam based on the ternary 

diagram [25], indicating that the ratio of silt, clay 

and sand provides a good soil structure that is 

suitable for agricultural activities [26]. Measured 

soil properties are consistent with the sampling 

areas that are actively used for commercial 

agriculture. The measured sorption and 

desorption capacities for atrazine were similar to 

the previously obtained adsorption and desorption 

isotherms of atrazine with agricultural soil [27]. 

The desorption of atrazine was lower than its 

adsorption,  because the atrazine was bonded with 

the soil particles as reported before [28]. The 

findings were consistent with chemical properties 

of atrazine with  Log Kow (5.8) value. Desorption 

of the contaminant showed that the leaching 

potential of atrazine was high, which is consistent 

with the high water solubility of atrazine (33 

mg/L). 

The soil samples were further analyzed for their 

porosity, moisture content and contamination 

levels (Table 2). The porosity levels of the soils 

were consistent with loamy soil [26]. Moisture 

content, on the other hand, could change easily 

with the irrigation habits or meteorological 

activity in the field, therefore cannot be compared 

to a reference value. Atrazine was detected in 

some samples. The results indicated that atrazine 

had been actively used in the field where samples 

were collected.  

Table 1 Soil grain size distribution and sorption 

properties of sterile soil samples for atrazine 

collected from different fields. Analyses were 

performed in triplicates. 

 Sand 

(%) 

Clay 

(%) 

Silt 

(%) 

Maximum 

adsorption 
(mg /kg)  

Maximum 

desorption 
(mg /kg) 

 

Denizli-1  25 ± 2 17 ± 3  49 ± 7 22.7 ± 1.2  15.1 ± 0.2  

Denizli-2  28 ± 3 23 ± 2 46 ± 9 19.1 ± 2.4  17.6 ± 1.2  

Balikesir-

1   

31 ± 2 15 ± 4 51 ± 6 11.9 ± 1.1  9.3 ± 0.4  

Balikesir-

2   

21 ± 1 28 ± 3 43 ± 8 25.9 ± 2.9  22.8 ± 0.4  

Amasya-1  38 ± 4 16 ± 1 41 ± 10 20.1 ± 0.9  17.9 ± 1.8  

Amasya-2  19 ± 1 24 ± 5 58 ± 12 9.2 ± 3.1  5.9 ± 0.3  

 

3.2. Estimating biodegradation rates of field 

samples 

Presence of active organisms that could degrade 

contaminants is strongly correlated with the 

detectable contaminant concentrations in the field 

[29]. Although not all samples contained atrazine 

as contaminant, microcosms were prepared for all 

samples (Figures 2) to investigate the possible 

biodegradation in the field. To develop a 

representative scenario, the concentrations were 

selected to be similar to the field concentrations 

that would be observed after 50 mg/kg of atrazine 

application [16, 30]. Not every soil sample 

contained atrazine (Table 2) but all the soil 

samples contained organisms that could 

biodegrade atrazine (Figure 2). The observation 

that all the soils were able to degrade atrazine was 

consistent with the previous findings that atrazine 

degraders are ubiquitous [31, 32]. High copy 

numbers of atrazine catabolic pathway genes are 

present in the genomes of the atrazine degraders 

that protects the bacteria from the loss of atrazine 

catabolic function [33]. In this study, not 

detecting atrazine but measuring biodegradation 

also suggested that atrazine degraders do not lose 

the ability to degrade atrazine even if they were 

starved. 

Table 2 Contamination levels, porosity and moisture 

content of the soil samples collected. Analyses were 

performed in triplicates.  

 Atrazine  
(mg/kg) 

Porosity  
(% v/v) 

Moisture 
content (% v/v) 

Denzili-1 0.039 ± 0.0091 41 ± 5 17 ± 3 

Denizli-2 0.0191 ± 

0.0012 

36 ± 4 26 ± 2 

Balikesir-1 0.006 ± 0.0003 47 ± 2 21 ± 4 

Balikesir-2 0.222 ± 0.0034 39 ± 5 18 ± 1 

Amasya-1 ND* 33 ± 7 28 ± 3 

Amasya-2 ND 48 ± 8 35 ± 2 

*ND indicates that the pesticide of interest was not detected in the soil 

sample. 

The biodegradation of atrazine was established by 

many different species of bacteria and it was 

found that governing biodegradation pathways 

are aerobic [34, 35]. The biodegradation in the 

field was found to follow first order kinetics [36]. 

Hence, the initial slopes of the concentrations in 

Figures 2 was used to estimate the biodegradation 

rates (Table 3). Controls (i.e., red lines) did not 

show any biodegradation, indicating that the 
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biodegradation was due to microbial activity 

rather than an abiotic process. 

The biodegradability of atrazine in the field was 

previously reported and parameters as previous 

pesticide applications, additional contaminants, 

pH and time of sampling were reported to affect 

the biodegradation rates. The microbial atrazine 

degradation rates in different soil samples 

collected from the field ranged between 0.06-15 

mg/kg/day [37-41]. The reported biodegradation 

rates in this study were within the range for 

atrazine.  

 

Figure 2 Atrazine concentrations (mg of atrazine/kg 

of soil) in the microcosms for every soil sample 

(black). Controls where samples were autoclaved, 

and atrazine is added (red). All the samples were 

prepared and measured in duplicates and error bars 

are the standard deviation between the measurements. 

Enrichments were performed using the 

microcosm samples that showed biodegradation. 

The samples were diluted with 0.1 increments and 

monitored for the pesticide degradation until the 

dilution reached 0.0001. Every sample showing 

initial biodegradation was successfully enriched 

assuring that the biodegradation observed is not 

abiotic and that the degraders were present in the 

soil samples used for enrichments.  

Table 3 Biodegradation rates of the soil samples for 

atrazine (mg/kg/day) 

 Deniz

li-1 

Deniz

li-2 

Balikes

ir-1 

Balikes

ir-2 

Amasy

a-1 

Amasy

a-2 

Atrazi

ne 

12.4 ± 

0.6 

16.4 ± 

0.4 

12.0 ± 

0.2 

8.4 ± 

1.8 

19.1 ± 

0.9 

6.5 ± 

1.1 

The biodegradation rates were similar for all 

samples in terms of atrazine. Although the initial 

pesticide application to the field samples was not 

known, measurements of similar rates suggested 

that the microbial presences of atrazine degraders 

are similar in samples where biodegradation was 

observed. Similarly, those results indicated that 

differences in soil parameters, abiotic 

degradation, sampling time and leaching are the 

reasons of the variation of the initial 

concentrations measured (Table 2) as it was 

observed for other types of pesticides [41, 42].   

3.3. Estimating biodegradation capacity in the 

topsoil 

Columns were designed to mimic the topsoil in 

the field. Sterilized columns were operated 

abiotically until they reached steady state or until 

the influent and effluent concentrations were the 

same for both atrazine (Figure 3). All the columns 

reached steady state in less than 5 days. Operating 

the columns with higher flow rate than 60 ml/hr 

(100 ml/hr) was not physically possible. Only 

sterile columns were suitable to determine the 

adsorbed amounts of the contaminants to the soil 

because the biodegradation was eliminated.  The 

adsorbed amount of pesticides that was calculated 

for the columns were between 4.8 and 14.1 mg/kg 

for atrazine. This quantity was calculated using 

the amount of influent passing through the 

column, multiplied by the concentration 

difference between influent and effluent data 

divided by the weight of the soil placed in the 

column (121-152 g). Comparison of the adsorbed 

amounts of pesticides in the column with the field 

sample analyses (Table 1) showed that only the 

field sample analysis provides a close estimate of 

the maximum adsorption of pesticides in the soil. 

The slightly lower adsorption in the column was 

due to the shorter contact time of the contaminant 

with the soil particles and the channeling effect 

that might have been observed in a column as also 

stated in the literature [43]. 
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Figure 3 Influent (grey) and effluent (red) 

concentrations of atrazine (in mg/L) in abiotic 

columns filled with different types of soil. All the 

samples were prepared and measured in duplicates 

and error bars are the standard deviation between the 

measurements. 

All the active columns showed biodegradation 

(Figure 4). The increase of the concentration of 

the influent was an expected result since there is a 

stationary phase until microbial community is 

established in the column and that results in 

uncomplete degradation. Seeing a stable output of 

the effluent indicated a steady state condition 

achieved in the column. The biodegradation 

capacities of the columns that were designed to 

represent topsoil was estimated by multiplying 

the flow rate of the feed with the difference 

between the influent and effluent concentrations 

in the column divided by the weight of the soil in 

the column. The biodegradation capacities for the 

15 cm tall column ranged between 34 and 75 

mg/kg/day for atrazine (Table 4). Similar 

biodegradation capacities were measured for 

every column because of the inoculation with the 

same mixture of microbial culture. To date, 

topsoil column studies were not performed for 

atrazine however, culture incubated studies were 

performed with various of isolates. The 

biodegradation rates in the studies where 

inoculated microcosms were analyzed, atrazine 

degradation ranged between 5-20 mg/kg/day [37-

41, 44]. The column biodegradation rates of 

atrazine were higher than the reported microcosm 

biodegradation rates. The difference could be 

explained by a higher inoculation in the columns 

or sufficient oxygen presence during 

biodegradation because of a constant flow.  

Biodegradability of atrazine in columns filled 

with soil samples were compared with the 

biodegradability in sand and silt filled columns to 

determine whether there was a relation between 

the sand and silt content of the soil, and 

biodegradation. No correlation was found 

between the biodegradation capacity of silt and 

sand columns and the silt and sand content in the 

soil columns. This finding indicated that the 

complexity of soil could not be simplified based 

on its sand or silt composition to estimate 

biodegradation capacity. The result was different 

than the previously published study stating that 

the biodegradability of a pesticide could be 

correlated with silt content of the soil [45]. The 

results of the current study showed that microbial 

activities should be measured for every sample of 

soil to be collected to estimate biodegradation 

capacity of atrazine.    

Higher biodegradation rates obtained in the entire 

columns compared to the microcosms showed 

that topsoil readily degrades the pesticides within 

15 cm of depth. When sufficient electron acceptor 

(oxygen), electron donor (pesticides) and 

microorganisms through inoculation is provided, 

the column was an ideal place for the organisms 

to biodegrade. Pesticides in the columns could not 

be completely degraded with the described 

optimal conditions, but their concentrations were 

decreased. Using pesticide-contaminated water 

for irrigation could decrease the concentration of 
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the pesticide and provide a sustainable 

remediation technique. Although it is a good 

practice to completely biodegrade the 

contaminants in the soil, it is not desirable by the 

users that all of the pesticides to be quickly 

biodegraded. This is because the effect of the 

pesticides would decrease when fast  

biodegradation occurs and other pesticide 

alternatives would be required to protect the crops 

in the field [46]. Therefore, a desirable outcome 

from this study was that a certain amount of 

chemicals remained in the columns and so it has 

been shown that the present methodology could 

be used not only to decrease the contamination but 

also to provide an alternative source of pesticides. 

 

Figure 4 Influent (grey) and effluent (black) 

concentrations of atrazine (as in mg/L) in active 

columns filled with different types of soil. All the 

samples were prepared and measured in duplicates 

and error bars are the standard deviation between the 

measurements. 

Table 4 Biodegradation capacities of the columns for 

atrazine (mg/kg/day) 

 Silt Sand Denizli-1 Denizli-2 

Atrazine 50 ± 6 75 ± 11 40 ± 5 56 ± 7 

 Balikesir-1 Balikesir-2 Amasya-1 Amasya-2 

Atrazine 34 ± 3 45 ± 6 56 ± 9 51 ± 8 

3.4. Estimating the sustainable treatment 

capacity  

A HYDRUS-1D simulation [23] was run for both 

atrazine using the adsorption/desorption amounts, 

porosities and biodegradation rates of the 

characterized field samples (Table 1-3). It was 

assumed that those parameters did not change 

throughout the 15 cm of the topsoil and that the 

governing mechanism was only the adsorption 

and desorption for the uptake of the pesticides 

between 15 cm and 3 m. The application of the 

pesticide was assumed to be via drip irrigation 

throughout the entire irrigation period with the 

concentrations of 33 mg/L of atrazine in water 

during the entire irrigation or until the maximum 

amount of the pesticide was reached. The choice 

of the irrigation was consistent with the 

applications for corn fields [47]. The model 

provided the output flux for the atrazine at the end 

of the 3 m, deep soil columns. Atrazine leaches to 

the groundwater was not detected for the drip 

irrigation system with a water flow of 60 ml/hr. or 

2 l/hr. The results were similar in models both 

with or without biodegradation. These 

simulations have verified that pump and reuse is 

also a valid groundwater treatment methodology.  

Known groundwater contamination 

concentrations were applied to the model to 

calculate how much atrazine would be reused 

with this method. Based on the model outputs, 

groundwater contaminated with 90 μg/L of 

atrazine would recover 4.5 kg/ha/year of atrazine. 

Amount is higher than the maximum limits of the 

pesticides in the field by allowable the United 

States Department of Agriculture [48, 49], 

indicating that if contaminated water is used for 

irrigation, additional pesticides will not be 

required for the field. 
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4. CONCLUSIONS 

The present work showed that pump and reuse is 

a new technique that can remediate contaminated 

groundwater within the topsoil as long as proper 

microorganisms are present. Although this study 

did not include the effect of capillary fringe in the 

soil column, where the most biodegradation 

activity is seen [50-53], it was observed that the 

atrazine could be biodegraded. The results have 

shown that pump and reuse method is an 

employable treatment technique for contaminated 

groundwater and can provide a sustainable 

remediation. Furthermore, the study showed that 

a portion of the pesticides in the contaminated 

groundwater is adsorbed to the topsoil while the 

rest is biodegraded. Adsorbed pesticide could be 

reused for crop growth as shown by HYDRUS-

1D simulation. Reusing pesticides with this 

method showed that pump and reuse technique 

can reduce pesticide use in the long run as long as 

drip irrigation is applied. 

Drip irrigation flow rates is an important 

parameter for contaminant adsorption due to the 

contact time of the contaminant with the soil. In 

this study, drip irrigation rates did not change the 

infiltration within the 3 m column, but this is a 

parameter that could be crucial for different 

chemicals and needs to be addressed in future 

work. Similarly, it is important to consider that the 

groundwater is not always contaminated with a 

single contaminant and it is essential to 

understand the effect of combined contaminants 

prior to the water being reused, which requires 

further investigation for every soil and 

groundwater. 

Overall, this study provided an unconventional 

sustainable remediation technique to apply 

contaminated water as irrigation water while the 

contaminants can be reused during crop growth 

and excess contamination can be degraded as long 

as active organisms are present in the soil. It is 

crucial to evaluate the soil for its potential prior to 

crop growth to reduce the risk on the crop yield 

and quality. Therefore, further studies need to be 

conducted to determine the crop yield and quality 

once contaminated groundwater is used to assure 

the outcome. 
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