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Оливера Јовановић се током свог досадашњег научног рада бавила проучавањем          

неравнотежних плазми које раде на атмосферском притиску и њиховим новим          

применама у области плазма пољопривреде. 

Током мастер студија истраживање Оливере Јовановић било је фокусирано на          

експериментално проучавање особина нискотемпературског пражњења реализованог      

на атмосферском притиску уз помоћ плазма млаза као и на конкретну примену тог             

извора на третмане чисте и воде загађене пестицидом са циљем испитивања утицаја            

третираних течних узорака на клијање семена биљака које се користе у комерцијалној            

пољопривредној производњи. У експерименту је извршена оптичка и електрична         

карактеризација коришћеног плазма извора (плазма игла) који се напаја         

високонапонским синусном сигналом на 30 kHz уз коришћење радног гаса хелијума.          

Уз помоћ напонских и струјне сонде урађено је мерење електричних сигнала и            

одређена је струјно-напонска карактеристика плазма извора. Користећи спектрометар        

измерени су спектри емисије из плазме. На основу добијених података одређена је            

радна тачка која је даље коришћена у третманима течних узорака. Течни узорци чисте             

и загађене воде карактерисани су уз помоћ pH-метра и мерача раствореног кисеоника, а             

загађени узорци и уз помоћ мерача укупног органског угљеника. Затим је урађено            

испитивање утицаја плазмом третиране чисте и загађене воде на клијавост семена           

кукуруза и ротквица који су имбибирани третираним течним узорцима. У односу на            

контролне узорке добијено је повећање процента клијавости семена након третмана          

загађене воде што је потврдило претпоставку да се нискотемпературска плазма може           

користити за третмане пречишћавања воде загађене пестицидима за њену даљу          

употребу у пољопривреди. 

Током докторских студија Оливера Јовановић ће се бавити интердисциплинарним         

истраживањем које има за циљ употребу нискотемператуских плазма извора који раде           

на атмосферском притиску у области плазма пољопривреде. Акценат ће бити на           

механизмима интеракције плазме са узорцима који су значајни за примену у           

пољопривреди (воде, семена и сл.) како би се извршило скалирање плазма извора са             

лабораторијских уређаја на системе великих димензија потребне за третмане великих          

количина узорака.  
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In biomedicine, atmospheric pressure plasmas (APP) have proved their excellent potential for 

sterilization and cleaning of both living tissues and inorganic materials from pathogenic 

microorganisms [1]. Moreover, large number of recent studies are investigating operation of APP 

in contact with liquids. Results show that chemically reactive gaseous environment produced by 

plasma sources can influence and modify physical and chemical properties of liquids [2]. As a 

result of the knowledge acquired in previous studies the investigation of APP now widens to a new 

emerging research field - plasmas in agriculture, where novel applications for APP appear. 

Nowadays, one of the biggest environmental problems is water pollution with contemporary 

agriculture techniques as one of the main sources causing the pollution of surface waters. Organic 

micropollutants, originating from immense use of pesticides in agriculture production, require 

special chemical or biological treatments for water purification, again using environmentally 

hazardous substances. Our idea is to employ APP for decontamination of water polluted by 

pesticides, which is by now successfully used is warfare applications [3]. As a first step, we 

conducted a study on decontamination of water samples polluted with different pesticides, i.e. 

organophosphate compounds, by using an atmospheric pressure plasma jet (APPJ) operating with 

He as working gas. The plasma jet was powered by a continuous kHz signal source. Liquid samples 

placed below the APPJ were treated for different duration times, different sample volumes and 

different water contamination levels. Optical and electrical characterization of the APPJ was 

performed in order to obtain information about stability of the treatment conditions and the plasma 

properties. Before and after the treatment liquid samples were analyzed by spectrophotometric 

techniques, high performance liquid chromatography (HPLC) and liquid chromatography coupled 

with mass spectrometry (LC-MS) in order to follow degradation of organophosphates. Significant 

and efficient degradation of pesticides is noticed in all cases and appearance of degradation 

products is observed in the liquid sample. Thus, we could also evaluate toxicity of produced by-

products. From measurements of parent molecule degradation we established dependence of the 

decontamination efficiency on treatment time. Having in mind the possibility of reuse the 

decontaminated water in agriculture, we also investigated the influence of treated water on seed 

germination. 

This work was supported by projects ON171037 and III41011, MESTD, Serbia. 
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Abstract. In this work we present a method for purifying water contaminated 
with pesticides for further application in agriculture. For this purpose, a needle-
type atmospheric pressure plasma jet (APPJ) was used, with electrode powered by 
a high voltage signal at frequency 330 kHz. We have used He as working gas 
with flow rate 2 slm. The solution of pesticide Malathion in distilled water was 
treated as contaminated sample. Then, the samples were used for seed imbibition. 
The results have shown that the plasma decontaminated water treatments had an 
effect on increasing the germination of maize and radish seeds. 

1. INTRODUCTION 

The development of plasma methods for decontamination of polluted 
water is caused by scarcity of freshwater. Organic compounds and 
microorganisms are the most common water pollutants that get into fresh water 
by discharging wastewater into aquatic ecosystem [1]. 

Plasma chemistry is rich in strongly oxidative reagents (OH, O, O3) that 
can diffuse into polluted water and initiate chemical reactions such as the 
conversation of organic compounds in solution into water and carbon dioxide [2, 
3].  

In this paper we used a pin-electrode atmospheric pressure plasma jet 
(APPJ) for decontamination of water polluted by Malathion pesticide. After 
treatments we monitored germination of the seeds imbibed with the 
decontaminated water samples. Obtained germination percentages were compared 
with germination results of the control groups of seeds that were imbibed with 
distilled water or 500 ppm solution of Malathion. 
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2. EXPERIMENTAL SETUP 

The Fig. 1 shows a schematic diagram of the experimental setup. 
Plasma source was an atmosphere pressure plasma jet which consists of a metal 
cylindrical body, glass tube, with the inner and outer diameters of 4 mm and 
6 mm, respectively, and concentrically placed electrode with ceramic insulation. 
The electrode was made of stainless steel wire with the diameter of 1 mm. The 
end of the wire (powered electrode) is sharpened and it is protruding for 3 mm 
from the ceramic insulation into the glass tube. As power source we have used a 
commercial high voltage RF generator working at frequency of 330 kHz. In all 
experiments He was used as a working gas with flow rate of 2 slm. 
 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic overview of the experimental set up. 

The samples containing Malathion were treated in the wells of 6-well 
microtiter plate. The volume of treated solution of Malathion in the well was 4 
ml and initial concentration was 500 ppm in distilled water. Treatment times 
were 5 and 10 minutes. At the bottom of the micro titter plate we glued copper 
tape that was connected to the ground through a 1 kΩ resistance. The distance 
between the surface of the liquid in the plate and wire was 10 mm.  

3. RESULTS AND DISCUSSION  

 Treated solutions as well as distilled water and Malathion contaminated 
solution were used for the imbibition of maize and radish seeds in Petri dishes, 
with 12 and 40 seeds, respectively in each dish. The seeds were imbibed with 
2 ml of liquid per Petri dish (5 cm in diameter). The dishes with the seeds were 
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left in a room with constant temperature and with day-night cycle. All 
experiments were done in triplicate. 

For the control samples, we used seeds imbibed with distilled water and 
solution of Malathion (500ppm). Histogram shown in Fig. 2 presents mean value 
of germinated maize seeds four days after imbibition. Comparison between 
control groups showed that number of germinated seeds imbibed with distilled 
water is more than twice higher than number of seeds germinated after 
imbibition by Malathion solution. As for the seeds imbibed with plasma 
decontaminated water, we can see the positive effect of plasma treatment of 
water polluted by Malathion. The number of germinated seeds watered with the 
solutions treated for 5 minutes and 10 minutes is higher 1.5 times than in the 
untreated Malathion solution. Mean values in both sets of seeds imbibed with 
decontaminated water are the same (around the value 5) within the error bar. 
Nevertheless, it is still lower than the control group imbibed with distilled water 
where the mean value is 7.3. 
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Figure 2. Mean values of maize seeds germinated after 4 days of imbibition with 
different water samples. dH2O – distilled water, distilled water contaminated 
with 500 ppm Malathion, MD5 – contaminated water treated 5 minutes, MD10 – 
contaminated water treated 10 minutes. 

 Similar results are obtained in the case of germination of radish seeds.  
Fig. 3 shows mean values of germinated radish seeds 18 hours after imbibition. 
In this case, values in control groups with H2O and 500ppm Malathion have 
difference of 1.75 times. However, the results on plasma treated samples show 
that in this case duration of treatment of water polluted by Malathion 
significantly affects germination. While the set imbibed with solution treated for 
5 mins is almost the same as the Malathion sample (mean value around 15.5), the 
sample treated for 10 mins has the value which is 1.5 times higher. 
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Figure 3. Mean values of radish seeds germinated after 18 hours of imbibition 
with different water samples. dH2O – distilled water, distilled water 
contaminated with 500 ppm Malathion, MD5 – contaminated water treated 
5 minutes, MD10 – contaminated water treated 10 minutes. 

4. CONCLUSION 

 Results of germination of seeds imbibed with plasma decontaminated 
water showed increase in number of germinated seeds compared to the case of 
seed imbibition with Malathion polluted water. This proves that plasma 
treatments can purify water and cause decomposition of pollutant molecules to 
the extent suitable for the plasma treated water to be reused for plant cultivation. 
However, in order to achieve efficient process, one need to investigate 
decomposition mechanisms triggered by plasma treatment and the influence of 
treated solution on seed physiological processes. 
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