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Abstract 

Atrazine is an organochloride herbicide widely used for controlling grassy weeds in agriculture. In 

this study, biodegradation of atrazine with a white-rot fungal strain and the optimum conditions of 

biodegradation were investigated. Among the white fungal strains, Pleurotussajor-caju, 

Phanerochaetechrysosporium, Trametesversicolorwere tested in order to select the most efficient 

strain which carries out the atrazine biodegradation. The study concluded that the most efficient 

strain was P.chrysosporium. The biodegradation experiments indicated that the optimum incubation 

time was 5 days and the optimum medium pH  was 3.0.  In addition, the optimum incubation 

temperature was determined as 30˚ C and the optimum agitation rate was determined as 150 rpm in 

the relevant experiments. The results  of these experiments showed that the lignin  peroxidase  and 

manganese peroxidase enzymes do not have any effects on atrazin biodegradation. 
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1. Introduction  

Atrazine(2-chloro-4-(ethylamino)-6-isopropylamino-s-triazine) is a commonly used selective 

herbicide, controlling broadleaf and grassy weeds in corn, sorghum, sugarcane, rangeland and  in the 

other crops (Topp et al., 2000) and it is probably the most commonly used herbicide in the world 

(Hayes et al., 2002). Commercially, atrazine is available as Gesaprim, Aatrex or Fenantrol 

(Baranowska et al., 2008). 

Atrazine is member of s-triazine herbicides, which have benzene-like aromatic structure.  Atrazine 

has three radical groups, consisting of two aminogroups and one chloro group.  Atrazine is virtually a 

non-volatile compound and its half-life in neutral condition is about 29 weeks, but varies between 4-

57 weeks (Ghosh and Philip, 2006). Atrazine has relatively high water solubility (33 mg l-1) 

(Garcinuño et al., 2003) and low soil adsorption coefficient (Koc :100) (Ying et al., 2005). As a 

consequence of its high persistence and mobility, atrazine and its metabolites can be detected in 

surface and ground waters, drinking water supplies and even in fog (Ghosh and Philip, 2006).  

Atrazine leads to many adverse health effects and harmful to aquatic ecosystems. One of the harmful 

effect of atrazine is acting as an endocrine disrupter in rat males by directly inhibiting Leydig cell 

testosterone production (Friedmann, 2002), it also directly targets dendritic cell maturation; and 

atrazine that efficiently removes MHC-I molecules from the dendritic cell surface, which is likely to 

contribute to immune evasion (Pinchuk et al., 2007). Atrazine has harmful effects on aquatic 

organisms and community, as well (Graymore et al., 2001). 

The name white-rot derives from the appearance of wood attacked by these fungi which cause lignin 

removal thereby giving a bleached appearance to the wood (Pointing, 2001). White rot fungi produce 

extracellular ligninolytic enzymes including laccase, Manganese peroxidase and lignin peroxidase 

(Wesenberg et al., 2003). These fungi are able to degrade wide variety of recalcitrant pollutants by 

means of their nonspecific ligninolytic enzyme systems (Barr and Aust, 1994). 

The principal aim of this research was to demonstrate effects of cultivation conditions on  

bidegradation of atrazine and select most efficient strain among the three white-rot strain. 
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2. Materials and methods 

2.1. Chemicals 

Atrazine (98.8% purity) was obtained from Sigma-Aldrich (Fluka®) and solution was prepared in 

methanol (Merck®). 

2.2. Microorganisms 

The three members of basidiomycetes, Phanerochaetechyrososporium ME446, Trametesversicolor 

ATCC 200801 and Pleurotussajor-caju, were used in this study. Isolates were kept as slopes on 

sabouraud dextrose agar (Difco) for up to 20 days at 4 °C. 

2.3. Basal culture medium 

In this experiment, modified Vogel’s minimal medium was used. Modified Vogel’s medium is 

composed of (g l-1): Na3 citrate, 150; KH2PO4, 250; NH4NO3, 100; MgSO4.7H2O, 10; CaCl2. 2H2O, 

5 (Aktaş et al., 2000).Ten mililiters trace element solution was added to modified Vogel’s medium 

and final volume was adjusted to 1 liter with distilled water. Trace elementsolutioncontains (g l-1): 

Citricacid.H2O, 25; ZnSO4, 25; Fe(NH4)2(SO4)2.6H2O, 5; CuSO4.5H2O, 1.25; MnSO4.H2O, 0.25; 

H3BO3, 0.25; H3P(Mo3O10).H2O, 0.25. The composition of basal medium used in this study was; 2g 

D-glucose and 2 ml modified Vogel’s medium. Final volume was adjusted to 98 ml with distilled 

water. After autoclaving at 110 °C for 25 min, 1 ml of sterile biotin solution (0.1% w/v) was added 

to medium. One mililiterof suspended mycelia was inoculated into 250 ml Erlenmeyer flasks which 

contained 99 ml nutrient medium. Atrazine was added on day 3 at a final concentration of 50 mg l-1.  

The growth of the organism was described as dry weight (g) of mycelia per liter. Dry weight was 

determined by filtering the content of the flasks through pre-weighed filter paper (Whatman No.1) 

then filter paper was left to dry at 40 °C for 2 days.  

2.4. Analytical method for determination of atrazine concentration 

The analysis of atrazine concentration was conducted byhigh-performanace liquid chromatography 

(HPLC SHIMADZU CLASS-VP V 6.1). HPLC system was equipped with Nucleosil C18 reversed 

phase column and UV-VIS detector. Mobile phase consisted of acetonitrile and water (80:20, v/v). 

The flow rate was 1 mlmin-1 and the wavelength used for UV detection was 264 nm. The analytical 

column was thermostated at 27 °C. The percentage degradation of atrazine was calculated using the 

equation: [(C0 ─ Cf) / C0] ×100. 
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2.3. Enzyme assays  

Lignin peroxidase activity in culture supernatants was determined by measuring the initial rate of 

veratraldehyde production ofveratryl alcohol (Tien and Kirk, 1984). Reaction mixtures contained 

100 mmol l-1 sodium tartrate buffer (pH 3.0), 4 mmol l-1veratryl alcohol. Enzymatic reaction was 

initiated by 0.27 mmol l-1 H2O2.Manganese peroxidase activity was assayed using the method which 

was described by Kuwahara et al. (1984).One activity unit was defined as the amount of enzyme that 

oxidized 1µmol of dimethoxyphenol per minute. 

2.4. The selection of most efficient strain 

In order to determine the most efficient fungal strain; 1 ml of suspensions of 

Phanerochaetechyrososporium ME446, Trametesversicolor ATCC 200801 and Pleurotussajor-caju 

were inoculated into 250 ml Erlenmeyer flasks, each containing 99 ml basal culture medium was 

contained 50 mg l-1 atrazine and incubated for 14 days at 30 °C on rotary shaker ( 150 rpm, pH 4.7). 

2.5. Optimization of conditions 

Phanerochaetechyrososporium ME446 was used in this optimization experiments. To determine the 

optimum incubation period; atrazine was added as described above. After the third day atrazine was 

added, 1 ml samples were taken from flasks and analyzed every two days. These days were 5th, 7th, 

9th, 11th and 13th days of the experiment. In order to determine the optimum pH for atrazine 

degradation, the media which contains 50 mg l-1 atrazine, was adjusted to 3, 4, 5, 6, 7 using 1mol l-

1HCl and 1mol l-1NaOH then incubated for 5 days. To determine optimum incubation temperature 

for atrazine degradation, media including 50 mg l-1 atrazine was incubated at 20, 30, 40, 50°C at pH 

3 for 5 days. In order to determine optimum agitation rate for atrazine degradation, media including 

50 mg l-1 atrazine was incubated 0, 50. 100. 150, 200 rpm on rotary shaker at 30 °C for 5 days (pH 

3). The flasks which were used in the series of experiments were prepared triplicate and control 

experiments were performed without inoculation of culture. 

 

3. Results and discussion 

3.1 The most efficient strain 

At the end of 14 days of incubation periodPhanerochaetechyrososporium ME446wasfound to be the 

most efficient strain with 74% atrazine degradation (Fig. 1). In contrast to a previous study showed 
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that Hymenoscyphusericae 1318 and Oidiodendrongriseum was more efficient than P. 

chrysosporiumin degradation of atrazine. This study also demonstrated that P. chrysosporiumwas not 

able to mineralize atrazine (Donnelly et al., 1993).  Another study performed by Mougin et al., 

(1994) showed that as a result of degradation of atrazine with P. chrysosporium, more polar 

byproducts such as deethylatrazine, deisopropylatrazine, hydroxyatrazine and 

deethylhydroxyatrazineoccurred. 

3.2. Effect of incubation time on degradation of atrazine 

In order to determine the effect of incubation time on degradation of atrazine, five different  

incubation times were tested at 30° C, pH 4.7 on rotary shaker (150 rpm). Degradation rate was 

sharply increased in first five days with dry weight and then degradation rate and growth was 

decreased slowly. Depending on our observations, fungal growth and degradation rate can be 

consideredto show a relation. At the end of the fifth day of the incubation, degradation rate was 

determined as 59% (Fig. 2). 

3.3. Effect of initial pH on atrazine degradation 

In order to determine the effect of pH of media on atrazine degradation, five different pH values (3, 

4, 5, 6 and 7) were tested. After five day incubation, optimum pH value for atrazine degradation was 

found to be 3 while fungal biomass reached the maximum at pH 5 (Fig. 3). The previous study 

reported that as a result of the chemical hydrolysis of atrazine either in alkali and acidic pH values, 

hydroxyatrazine was formed (Armstrong et al., 1967). Depending on this data, it can be stated that 

both biodegradation of atrazine in culture media and atrazine’s chemical degradation occurred.   

To investigate the effect of incubation temperature on atrazine degradation, media including 50 mg l-

1 atrazine was incubated at 20, 30, 40, 50 °C, at pH 3 for 5 days. Degradation of atrazine occurred at 

20, 30 and 40 °C whereas no degradation nor growth was observed at 50 °C. The best degradation 

was achieved at 30°C, with %65 of degradation (Fig. 4). Mougin et al.,(1997) reported that decrease 

in atrazine concentration was more rapid at 25°C than at 15°C and maximal atrazine disappearance 

occurred when the fungus was grown at 15°C with a two day period at 25°C (Mougin et al., 1997). 

In order to demonstrate the effect of agitation on degradation of atrazine, flasks were incubated at a 

static incubator and a rotary shaker with different agitation rates (0, 50, 100, 150 and 200 rpm).  All 

experiments were performed at 30° C and pH 3 for 5 days.The best degradation was observed at 150 

rpm with degradation rate of 64% (Fig. 5). 
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No MnP or LiP activity was determined during this study in culture supernatant. A previous study 

showed that there exists no correlation between degradation of atrazine and the activities of MnP and 

LiP (Mougin et al., 1997). Also another study demonstrated that degradation of polychlorinated 

biphenyls was independent of MnP or LiP activities. This study showed that MnP and LiP activities 

strongly depend on nitrogen concentration in culture media, as well (Krĉmár and Ulrich, 1998). 
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Figures 

 

Fig. 1.The most efficient strain wh
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Fig. 5. Effect of agitation rate on a
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