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Abstract. Azole fungicides are widely used to control diseases and insect pests of vegetables, fruits and 
flowers because of their good antibacterial effect and regulating plant growth. However, their extensive use 
inevitably enters the water environment with rainfall and surface runoff, which leads to potential harm to 
aquatic organisms. At present, the research on the biological toxicity of azole fungicides mainly focuses on 
single azole compounds, such as Paclobutrazol, hexaconazole, propiconazole and Difenoconazole. However, 
the systematic study on the toxic effects of multi-component mixtures of azole fungicides is still very lacking, 
and it is unable to accurately assess the ecological risk. Therefore, in this paper, five common azole fungicides 
(imidazole, tebuconazole, triadimefon, tricyclazole and hymexazol) in the environment were taken as target 
pollutants. Scenedesmus obliquus was used as the toxicity indicator. The mixture system was designed by the 
equal effect concentration ratio method and linear average ray method. Study the 96h toxicity and interaction 
of Scenedesmus obliquus under combined stress of azole fungicides. The main research results are as 
follows:The 96 h toxicity test of five typical azole fungicides to Scenedesmus obliquus was determined by 
microplate toxicity analysis method. Fitting with Weibull function and taking EC50 as the criterion,the results 
show that the single toxicity order of the five tested fungicides was:tebuconazole > Triadimefon > oxacillin > 
Tricyclazole > imidazole. 
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1. Introduction 
Fungicides usually refer to chemical preparations that can 
effectively control or kill microorganisms such as bacteria, 
fungi and algae in the water system environment [1], and 
generally in the international arena, can be used as agents 
for the control of various pathogenic microorganisms, 
known as as a fungicide. The early fungicides were 
mainly inorganic fungicides, such as Bordeaux mixture, 
the world's earliest inorganic fungicides. In 1914, 
Germany took the lead in using organic mercury 
compounds to control wheat smut [2,3], which marked the 
beginning of the development of organic fungicides [4]. 
In 1944, Woolley successfully synthesized the first azole 
fungicide, benzimidazole. During this period, after more 
than 70 years of development [5], azole fungicides have 
gradually become the protagonist of the sterilization 
market, and are widely used in agricultural production and 
personal skin care products. and medical drugs. In 
agriculture, the production of a large number of food 
crops is reduced every year due to fungal infection, and 
sometimes even threatens human health. For example, 

Fusarium can produce mycotoxins when plants grow. The 
use of azole fungicides can not only prevent the infection 
of crops, but also can prevent the infection of crops. 
Infected crops can be effectively treated [6-11]. By 2017, 
more than 60 azole pesticides have been sold worldwide, 
accounting for 25% of the global application of fungicides 
[12]. In terms of personal skin care products, azole 
fungicides are widely used in household products such as 
shampoos, skin care products, soaps, toothpastes and 
shower gels due to their low toxicity, broad spectrum and 
high efficiency [13], such as ketoconazole It is often used 
in anti-dandruff hair care formulations [14]. Cribazole is 
not only used as an anti-dandruff active ingredient, but 
also as an anti-fungal preservative and anti-aging agent, 
and its content is up to 2% in washing products. The 
highest in washing products is 0.5%, and the highest in 
cosmetic products is 0.5% [14]; the annual sales volume 
in my country exceeds 3,800 tons [15]. In medical terms, 
of the 2 million fungi known to date, about 600 are known 
as human fungal pathogens, of which 3% to 4% can cause 
invasive fungal infections [16]. Over the past 30 years, 
annual Invasive fungal infections kill between 1 and 2 
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million people, and the mortality rate far exceeds that of 
malaria and tuberculosis [17]. Among the more than 40 
brands of antifungal drugs clinically used on the market, 
azole fungicides are considered to be the most It has the 
best curative effect and the most widely used fungicides 
[18-21]. 
Chemical pollutants in the actual natural environment 
often do not exist alone, but in the form of mixtures. With 
the vigorous development of industry, agriculture, and 
manufacturing, the types of pollutant mixtures are 
increasing, and new types of pollutants are increasing. 
The ecological and environmental problems caused by 
them are not optimistic. Therefore, in the past half century, 
the research on the combined toxicity of mixtures has 
become more and more Having attention. For example, on 
the issue of industrial sewage treatment, the possibility 
that there are still unclean pollutants in the treated 
industrial sewage cannot be excluded. Various new types 
of pollutants are increasing day by day, and their toxicity 
is rare, and their detection cannot be analyzed and 
expressed by a single physical and chemical index. On the 
other hand, biological monitoring can more vividly reflect 
the pollution and toxicity of pollutants in different 
situations in a certain area. 
In order to reveal the ecotoxicity of azole fungicides 
exposed in the natural environment, this study took five 
azole fungicides as target pollutants, and investigated the 
effects of azole fungicides at different concentrations on 
the growth of the toxicity indicator organism, 
Scenedesmus obliquus. To clarify the single toxicity of 
these five typical azole fungicides to Scenedesmus 
obliquus, and to provide basic toxicity data for the risk 
assessment of mixed pollutants in the water environment. 

2. Matrials and methods 

2.1 Experimental Materials 

2.1.1 Experimental Reagents 

Five typical azole fungicides were selected in this paper 
as the research target pollutants. The specific physical and 
chemical properties are shown in Table 1, and the 
chemical structure is shown in Figure 1. 

Table 1 Physicochemical properties of 5 target pollutants 

Serial 
Number Compound Short 

Name CAS 
Relative 

molecular 
mass 

Purity
（%） Source 

1 Imidazole IDZ 288-
32-4 68.08 99.50 Accustandard 

2 Tebuconazole CDT 80443-
41-0 307.82 98.70 

Dr. 
Ehrenstorfer 

GmbH 

3 Triadimefon TDF 43121-
43-3 293.75 99.60 Accustandard 

4 Tricyclazole TCL 41814-
78-2 189.24 99.50 Accustandard 

5 Oxymetholone MHZ 10004-
44-1 99.09 99.00 

Dr. 
Ehrenstorfer 

GmbH 

 

 

 

 

 

 

Figure 1. Chemical Structures of Five Azole Fungicides 

2.1.2 Algae Species 

Scenedesmusobliquus were purchased from the 
Freshwater Algae Seed Bank (FACHB) of the Type 
Culture Collection Committee of the Chinese Academy of 
Sciences, and the serial numbers were FACHB-12. After 
receiving the algae seed, transfer the algae seed to the 
prepared medium for cultivation in the clean bench. 

2.1.3 Cultivation of Algae 

The BG11 medium was used to culture Scenedesmus 
obliquus, and the medium was sterilized in a sterilizing 
pot at 121 °C and 101 KPa for 20 min. After cooling, 
green algae were aseptically inoculated in the ultra-clean 
workbench, and then placed in an artificial constant 
temperature light incubator for cultivation. The set 
temperature was 22ºC, the illuminance was about 2000lux, 
and the light-dark cycle was 12h:12h. Expand the culture 
every 5-7d, that is, dilute the transfer algae at a ratio of 
1:2, so that the algae can fully enter the logarithmic 
growth phase. The most vigorous period of algal cell 
metabolism is at 8-10 am, so it is the best time for algal 
species transfer [66]. The algae should be cultivated in a 
sterile environment throughout the process. Before the 
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toxicological test, the algal seeds in the logarithmic 
growth phase were transferred to fresh medium for 
cultivation, and the experiment was carried out after 
culturing for 2 days until the initial light absorption value 
of the algal seeds was 0.22-0.25. In order to avoid the 
experimental error caused by the volatilization of the drug, 
a transparent cover plate should be added during the 
experimental exposure period. 

2.2 Toxicity Experiment 

2.2.1 Green Algae Acute Microplate Experiment 

The algal microplate toxicity test uses a standard 
transparent 96-well microplate, and the microplate sample 
loading design method is as follows. 
First, add 200 μL of ultrapure water to the four sides of 
the 96-well microplate (36 wells in total) to prevent edge 
effects; 100 μL of ultrapure water was added to the 24 
wells in columns 2, 6, 7 and 11 respectively as blank 
control; A total of 6 wells in the 3rd column and 6 wells 
in the 8th column were respectively added with different 
concentrations of pesticide pollutants designed according 
to the dilution factor (see Equation 2.1, and supplemented 
with ultrapure water to make the volume 100 μL; The 
parallel trials for column 3 are columns 4 and 5, and the 
parallel trials for column 8 are columns 9 and 10; Finally, 
100 μL of algae liquid with an optical density value of 
about 0.15 was added to the middle 60 wells, so that the 
total volume of each well was 200 μL; After adding 
samples to the microplate, cover with a transparent cover, 
and place it in a biochemical incubator with a temperature 
of 22 °C, an illuminance of 2000 lux, and a light-dark ratio 
of 12h: 12h. At 96h, the microplate was placed in a 
spectrophotometer to measure the optical density (OD) at 
a wavelength of 681 nm. The microplate was repeated at 
least 3 times. 

      � � ������
�

���,   n=1,2…..                   (1) 

Among them, CH and CL are the highest and lowest 
concentrations of the experiment, respectively, and n 
represents the number of concentration gradients in the 
range of CH and CL. Then the twelve concentration points 
are Cn=C0*Fn, n=1,2... Among them, C0 is the 
concentration of the stock solution, and Cn is the set 
concentration. In this paper, the growth inhibition rate (I) 
of pollutants to Scenedesmus obliquus is used as the 
toxicity index of the microplate test, and the calculation 
formula of I is as follows: I=(ODt,i-ODt,0)/(OD0,i-
OD0,0)，where ODti is the OD value of the pollutant 
experimental group at the i-th time, and the OD value of 
the OD0i blank control group. 

2.2.2 Data Processing 

The experimental toxicity data were processed by the 
MATLAB program written by Qin Litang, and the graph 
of the fitted curve was drawn by the Origin software. To 

derive effect sizes and effect concentrations for individual 
compounds and mixtures, a nonlinear fit to the observed 
concentration-response data must be performed. For 
classical S-type CRC, Logit or Weibull nonlinear function 
is generally used for fitting. The function expression is 
shown in Table 2., where I represents the effect, c 
represents the concentration of a single compound or 
mixture, α is the position parameter, and β is the slope 
parameter [23]. The Logit function and the Weibull 
function are classical two-parameter functions. The Logit 
function is based on the integral statistics of logistic 
distribution and takes half effect (50%) as the center 
symmetry, so it is suitable for fitting a symmetrical curve. 
The Weibull function, originally proposed by Gompertz, 
is based on extreme value distribution integral statistics 
and is suitable for most asymmetric concentration-effect 
curves. The MTA method used in this study has only 12 
concentration gradients, and the two-parameter Logit and 
Weibull functions should be used for nonlinear fitting [24]. 

Table 2. Two Common S-Type Concentration-Effect Curve 
Fitting Models 

Function type Analysing way 
Logit I= 1 �1+exp�-α-βlgc��⁄  

Weibull I=1-exp�-exp�α+βlgc�� 

3. Results 
Table 3. Concentration-effect fitting curve parameters of five 

azole fungicides on Scenedesmus obliquus 

Compound Fitfunction α β R2 RMSE 
EC50 

/(molꞏL-
1) 

IDZ Weibull 5.706 2.200 0.987 0.0393 2.20E-03 
CDT Weibull 6.446 1.509 0.991 0.0242 3.22E-05 
TDF Weibull 4.966 1.331 0.975 0.0339 9.81E-05 
TCL Weibull 3.174 1.175 0.977 0.0287 8.86E-04 
HMZ Weibull 5.827 1.708 0.992 0.0299 2.55E-04 
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Figure 2 Concentration-response curves (CRC) of five azole 
fungicides on Scenedesmus obliquus 

 
The biological toxicity of azole fungicides was tested with 
Scenedesmus obliquus as the indicator organism, and the 
toxicity of azole fungicides was expressed by the 
inhibition rate of Scenedesmus obliquus at 96 hours. The 
concentration-effect data of the five azole fungicides on 
Scenedesmus obliquus can be fitted by the Weibull 
function or the Logit function. The fitting model 
parameters (regression parameters α and β values, 
statistical parameters R2 and RMSE) are shown in Table 
2. The R2 values of the five azole fungicides on the 
toxicity data of Scenedesmus obliquus were between 
0.975 and 0.992, all greater than 0.95; The RMSE values 
of the fitted curves ranged from 0.024 to 0.0339, all less 
than 0.028, which indicated that the fitting results of the 
Weibull model were accurate and reliable. Figure 2. 
shows the concentration-response number fitted curves 
(CRCs) of the five azole fungicides, all showing a classic 
S shape. From Table 3, the toxicity under 50% effect can 
be obtained as: tebuconazole > Triadimefon > oxacillin > 
Tricyclazole > imidazole. 
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