
 

 
HUNGARIAN UNIVERSITY OF AGRICULTURE AND LIFE SCIENCES 

 

ECOTOXICOLOGICAL STUDIES OF CHEMICAL 

POLLUTANTS OF AGRICULTURAL ORIGIN ON AQUATIC 

ORGANISMS BELONGING TO LOWER TAXONOMIC 

GROUPS 

 

THESES OF DOCTORAL (PhD) DISSERTATION 

 

 

SZANDRA KLÁTYIK 

 

 

 

 

Gödöllő 

2021 



The Doctoral School 

 

Name:   MATE Doctoral School of Biological Sciences 

Discipline:  Biological Sciences 

 

Leader:  Dr. Zoltán Nagy 

Head of Department, Professor, Doctor of the HAS DSc 

MATE, Szent István Campus 

Institute of Crop Production Sciences 

Department of Plant Physiology and Plant Ecology 

 

Supervisor:  Dr. András Székács 

Deputy Director of the Institute, Honorary Professor, 

Scientific Advisor, Doctor of the HAS DSc 

MATE, Szent István Campus 

Institute of Environmental Sciences 

Agro-Environmental Research Center, Budapest 

 

Co-supervisor: Dr. Péter István Nagy 

Head of Department, Professor, PhD 

MATE, Szent István Campus 

Institute of Game Management and Nature Conservation 

Department of Zoology and Ecology 

 

 

…………………………………… 

  Approval by the School Leader 

 

……………………………………                 …………………………………… 

Approval by the Supervisors 



TABLE OF CONTENTS 

 

1. SCIENTIFIC BACKGROUND AND OBJECTIVES ................................... 1 

2. MATERIALS AND METHODS ................................................................... 4 

3. RESULTS ....................................................................................................... 8 

4. NEW SCIENTIFIC RESULTS .................................................................... 12 

7. CONCLUSIONS AND SUGGESTIONS .................................................... 14 

8. SCIENTIFIC PUBLICATIONS RELATED TO THE TOPIC OF THE 

DISSERTATION ......................................................................................... 18 

 

 



1 
 

1. SCIENTIFIC BACKGROUND AND OBJECTIVES 

 

A significant part of veterinary and pesticide formulations exerts an 

increased load on our environment. After their use and application, the various 

active ingredients and formulating agents may enter the soil and reach 

groundwater levels, as well as appear in surface waters. The active ingredients 

and additives that appear in our environment can affect various non-target 

organisms. Possible toxic effects are highly affected by the water solubility and 

persistence of the chemical compounds and the potential formation of toxic 

metabolites. Among residues of chemical compounds that appear in 

environmental compartments, different active ingredients are brought to the fore 

from time to time. Due to their persistence, some chemical compounds remain 

detectable in environmental samples for extended periods, while other active 

ingredients appear in the environmental matrix due to excessive momentary use. 

Aquatic organisms are outstandingly exposed to water contaminants because 

their contact with xenobiotics in their aqueous habitat is unavoidable. 

Nowadays, the appearance of pharmaceutical residues in surface waters 

is receiving increasing attention due to the potential biological effects of these 

substances. Antibacterial sulfonamides [e.g., sulfamethoxazole (SMX)] widely 

used in human and veterinary medicine are the active ingredients of several 

pharmaceutical formulations in Hungary as well. Due to their low sorption 

capacity, sulfonamides can rapidly reach groundwater levels and appear in 

surface water bodies. The effect of sulfonamides in different pharmaceuticals is 

enhanced by their combination with trimethoprim (TRI) in the formulations, due 

to the significant synergism between the two active ingredients. 

Pesticide residues also represent remarkable environmental risks. Active 

ingredients of neonicotinoid type insecticides in extensive worldwide use have 

become ubiquitous contaminants by now. Pollinating insects are at particular 

risk by the use of neonicotinoids, therefore the application of these compounds  
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is severely restricted in the European Union (EU) particularly on flowering 

crops. Due to the physicochemical properties of neonicotinoids (e.g., water 

solubility, slight persistence) and to inappropriate plant protection technologies, 

neonicotinoids can emerge in surface waters where they may exert adverse 

effects on non-target organisms. The appearance of the globally market-leading, 

non-selective herbicide active ingredient and desiccant glyphosate (GLY) in 

surface waters is also a globally observed phenomenon nowadays, especially in 

areas where extensive cultivation of GLY-tolerant genetically modified crops 

supplemented with the increased use of formulations containing GLY or where 

desiccation is typical. Thus, the pollutant concentration of GLY can reach the 

order of 5200 µg/l. 

Formulations applied in veterinary medicine and plant protection 

products contain various additives, including formulating agents besides the 

active ingredients. The primary purpose of adding formulating agents is to 

improve the efficacy and bioavailability of the formulation by increasing the 

solubility, adsorption, and uptake of the active ingredient. As formulation 

additives are inactive from the aspect of the required main biological effect of 

the pharmaceutical or pesticide, these additives have long been considered as 

inactive or inert components, therefore their authorization required simplified 

risk assessment compared to the active ingredients. However, in recent years, 

several studies proved the high individual toxicity of formulating agents, 

including POEA (a mixture of polyethoxylated tallow amines) used in the 

production of formulated preparations containing GLY as formulating agent, as 

well as the increased combined toxicity of the active ingredient and additives 

together in the formulations as compared to the individual toxicity of GLY. The 

assessment of the combined toxicity of active ingredients and additives is of 

utmost importance, as most of the active ingredients enter our environment in 

the form of mixtures. 
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The aims of my PhD work were the following: 

 

- assessment of the sulfonamide type sulfadiazine, sulfaguanidine, 

sulfamethazine, SMX, and TRI veterinary and neonicotinoid type 

acetamiprid, clothianidin, thiacloprid, and thiamethoxam pesticide 

active ingredients for individual and combined toxicity between the 

active ingredients and additives used in their formulations on the 

immobilization of water fleas (Daphnia magna) and on the enzyme 

activity of glutathione-S-transferase; 

- investigation of the individual and combined toxicity of the 

components of the GLY-based ROUNDUP CLASSIC and MEDALLON 

PREMIUM formulations on the immobilization of D. magna and the 

growth and photosynthetic activity of floating unicellular green 

(Desmodesmus subspicatus, Pseudokirchneriella subcapitata, 

Scendesmus obtusiusculus) and blue-green (Anabaena flos-aquae) 

algae; 

- assessment of the effects of ROUNDUP CLASSIC and its components on 

the biomass of algal communities in biofilms grown under natural 

conditions in different Hungarian river and standing surface water 

bodies (River Danube, Lake Balaton, Lake Velencei), on the structure 

of biofilms, and on the composition of diatom (Bacillariophyceae) 

communities; 

- study of the degradation of GLY in surface water samples originated 

from River Danube and Lake Balaton in the form of the pure active 

ingredient and formulated preparation (ROUNDUP CLASSIC) in the 

presence and absence of biofilms as well; 

- investigation of the degradation of linear alkyl benzene sulfonates used 

as formulating agents in the formulation of neonicotinoids in aqueous 

media and in various experimental settings. 

  



4 
 

2. MATERIALS AND METHODS 

 

The acute toxicity of the sulfonamide type sulfadiazine, sulfaguanidine, 

sulfamethazine, sulfamethoxazole (SMX), and trimethoprim (TRI) veterinary, 

neonicotinoid type acetamiprid (ACE), clothianidin (CLO), thiacloprid (TCL), 

thiamethoxam (TMX) as well as glyphosate (GLY) pesticide active ingredients 

was investigated individually and in combination with the additives found in 

their formulated preparations based on the results of the immobilizations tests 

performed on water fleas (Daphnia magna), less than 24 hours old, according to 

the OECD 202 guideline. In MOSPILAN 20 SG and ROUNDUP CLASSIC pesticide 

formulations, the quality and quantity of the formulating agents are also known, 

the combined toxicities of the active ingredients and the formulating agents were 

evaluated in pure mixtures of the neat components (at equivalent concentrations 

to their formulated product), in addition to the assessment of the individual 

toxicity of the formulating agents. Immobilization was the endpoint of the 

studies, so the number of mobile individuals was determined after 48 hours of 

exposure, and then the 48h EC50 values characterizing the toxicity were 

calculated. The individual and combined effects of the GLY-based ROUNDUP 

CLASSIC and MEDALLON PREMIUM formulations and their components were 

investigated on D. magna juveniles hatched from dormant eggs provided by the 

Daphtoxkit F test kit distributed by MicroBioTests as well. 

The study of the individual and combined effects of the active 

ingredients SMX and TRI, as well as their formulated preparation SUMETROLIM, 

and the neonicotinoid-type formulation MOSPILAN 20 SG [active ingredient: 

ACE, formulating agent: linear alkylbenzene sulfonates (LAS)] was extended to 

the evaluation of the effects on glutathione-S-transferase (GST) activity also in 

D. magna individuals less than 24 hours old. The concentrations used in the 

enzyme activity assays corresponded to the 48h EC20 values originated from the 

acute immobilization tests. GST activity was characterized by the amount of the 

colorimetric product formed during the GST-catalyzed reaction between 
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glutathione and the applied substrate, the absorbance of the reaction product was 

determined at 340 nm. The specific enzyme activity of the samples was 

evaluated for protein content determined by the Bradford method. The effects of 

the treatments were evaluated by one-way analysis of variance using Tukey's 

test as a post-hoc test. 

The individual and combined phytotoxicity of GLY-based ROUNDUP 

CLASSIC and MEDALLON PREMIUM formulations and their components were 

investigated in 72-hour algal growth inhibition tests according to the OECD 201 

guideline. The growth inhibition tests were performed on three floating 

unicellular green algae (Desmodesmus subspicatus, Pseudokirchneriella 

subcapitata, Scendesmus obtusiusculus), while the phytotoxicity of GLY was 

determined on a filamentous blue-green algae (Anabaena flos-aquae) as well. 

Inhibition of algal growth was the endpoint of the tests. Upon exposure, the 

optical density (OD) and chlorophyll-a-content of the samples were measured, 

then the 72h EC50 values characterizing the toxicity were calculated based on 

measured data. The OD was determined with the use of a spectrophotometer at 

750 nm. Chlorophyll-a-content after alcoholic extraction was determined 

spectrophotometrically at three different wavelengths (750, 666, and 653 nm). 

The effects of ROUNDUP CLASSIC and its components on the 

photosynthetic activity of P. subcapitata were investigated in samples originated 

from algal growth inhibition assays based on the detection of laser-induced 

chlorophyll-a-fluorescence using a portable device called FluoroMeter Module. 

During the measurements after 10 minutes of dark adaptation, the samples were 

excited at 635 nm. Following excitation, the intensity of the fluorescent light 

emitted by the sample was instrumentally detected (690 and 730 nm). In our 

studies, changes in the Fv/Fp values correspondig to the photochemical 

efficiency of the PS II photochemical system and the vitality index (Rfd values) 

characterizing photosynthetic activity were investigated. The effects of the 

treatments were analysed using general linear models. 
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During our investigations on biofilms performed at the community level 

in 2015 and 2016, natural biofilms were grown on glass substrates fixed on a 

specially developed buoy structure in major domestic surface water bodies 

(2015: Lake Balaton, River Danube; 2016: River Danube, Lake Velencei) for 6 

weeks under natural conditions. After biofilm colonization, the effects of 

ROUNDUP CLASSIC and its components on the biomass and composition of algal 

communities in biofilms, and the structure of biofilms were investigated under 

laboratory conditions in aquaria containing natural water originated from the 

location of biofilm colonization. The effects of GLY were studied in the form of 

the pure active ingredient and formulated preparation (ROUNDUP CLASSIC), 

where the investigated GLY concentration was 100 µg/l. The individual toxicity 

of POEA (a mixture of polyethoxylated tallow amines) was also evaluated in 

investigations performed in 2016. Throughout the study period, complete water 

exchange was performed weekly with water from the original locations, where 

the biofilm had been developed, during weekly water exchange readjustment of 

the investigated test concentrations was carried out as well. 

The effects on the biomass and composition of the algal community in 

biofilms and on the structure of biofilms were characterized by the changes in 

species composition of algal communities (proportion of green, blue, and diatom 

algae species) and values characterizing the biomass of the algal community of 

the biofilms (the sum of chlorophyll-a data determined at different measurement 

points per algal group) detected by an algae torch instrument. Based on the 

measurements, the composition of the algal communities in control and treated 

biofilms were compared with a two-sample z-test, while the statistical 

evaluation of the effects on the algal biomass of the biofilms was performed 

using general linear models. Changes in the structure of biofilms as a result of 

the treatments were examined by scanning electron microscopy. In 2015, the 

experiments performed on biofilms were completed with the trait-based 

investigation of the effects of GLY on the composition of diatom communities 

in biofilms. The selected biological traits were the cell size [(1) < 99 µm
3
, (2) 
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100–299 µm
3
, (3) 300–599 µm

3
, (4) 600–1499 µm

3
, (5) > 1500 µm

3
] and the 

ecological guilds [(1) low-profile, (2) high-profile, (3) motile, (4) planktic]. The 

distribution of various taxon groups was assessed by Fisher’s exact test at a 

significance level of 5%. 

The degradation of GLY was investigated in surface water samples 

originated from Lake Balaton and River Danube in the form of pure active 

ingredient and formulated preparation (ROUNDUP CLASSIC) as well. The study of 

GLY degradation was performed in the absence of biofilms with daily water 

sampling for one week. The initial concentration of GLY was 100 µg/l. The 

kinetics of GLY degradation was also determined in the presence of biofilms in 

the experimental system set up for testing of toxicity on biofilms, where water 

samples were also collected daily for the first week, then weekly before the 

performed water exchange and after the repeated adjustment of investigated 

GLY concentration. GLY concentration of the samples was analysed by high-

performance liquid chromatography combined with fluorescent UV detection 

(HPLC-UV), but water samples with GLY content below the limit of detection 

of HPLC-UV (LOD: 5 µg/l) were subjected to liquid chromatography-tandem 

mass spectrometry. 

The degradation of LAS used as formulating agents in the formulation of 

neonicotinoids was investigated in the form of pure detergents mixture (C10–13) 

and formulated preparation (MOSPILAN 20 SG) was studied for 27 days in 

distilled water and surface water samples originated from River Danube. In our 

experiments, the kinetics of LAS degradation were also studied for 14 days in 

the presence of different neonicotinoid active ingredients (ACE, CLO, 

imidacloprid, TCL, and TMX), but only in surface water samples from River 

Danube. The initial concentration of LAS was 14,4 mg/l. After the adjustment of 

the experimental concentrations, water samples were collected 3, 6, 9, 12, and 

24 hours later, and then in every 2-3 days. LAS concentration of the samples 

was analysed by HPLC-UV technique. 
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3. RESULTS 

 

During my PhD work, among the investigated sulfonamide [sulfadiazine, 

sulfaguanidine (SGD), sulfamethazine (SMZ), sulfamethoxazole (SMX)] and 

diaminopirimidine [trimethoprim (TRI)] type veterinary active ingredients, SGD 

proved to be the most toxic, while SMZ, SMX, and TRI proved to be less toxic 

based on the results of Daphnia magna immobilization tests. Between the 

formulated veterinary drugs investigated, containing SMX and TRI, 

SUMETROLIM was more toxic than COTRIM E-ratiopharm. During the assessment 

of the combined effects of SMX and TRI investigated together at concentrations 

equivalent to SUMETROLIM, the individual toxicity of TRI was lower than the 

combined toxicity of the two active ingredients. In glutathione-S-transferase 

(GST) enzyme activity assays, the exposure to SMX, TRI, and SUMETROLIM 

resulted in increased enzymatic activity in the D. magna juveniles tested at 

concentrations corresponding to the 48h EC20 values originated from the acute 

immobilization tests. There was no difference in the individual toxicity of the 

two active ingredients based on the results of acute immobilization tests, 

however, in the enzyme assays, a higher level of induction of GST 

detoxification enzyme was caused by TRI compared to SMX. 

Comparing the individual and combined toxicity of the investigated 

neonicotinoid acetamiprid (ACE), clothianidin (CLO), thiacloprid (TCL), and 

thiamethoxam (TMX) active ingredients and additives, the individual toxicity of 

ACE and CLO was lower, than that of their formulations, in contrast to TMX-

based formulation, where the individual toxicity of the corresponding active 

ingredient was higher as compared to the combined effect. A strong synergistic 

effect was observed when the combined effect of ACE and linear alkyl benzene 

sulfonates (LAS) used as formulating agents was investigated in pure form (a 

mixture of neat ACE and LAS at equivalent concentrations to their formulated 

product MOSPILAN 20 SG), but reduced combined toxicity was observed for the 
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formulation containing other additives. High individual toxicity of LAS was 

demonstrated by the results compared to the toxicity of ACE individually. Based 

on the GST enzyme activity values determined for the 48h EC20 values 

originated from acute immobilization tests increased toxicity of ACE was 

observed: the exposure of the investigated ACE concentration (65 mg/l) resulted 

in a significant decrease in enzyme activity, in contrast to the results of acute 

immobilization tests, where even the highest dose (200 mg/l) caused only 10% 

immobility in the tested individuals. The high toxicity of LAS observed in acute 

immobilization tests was not corroborated by the enzyme activity assays at the 

investigated concentrations. Decreased enzymatic activity was demonstrated 

after the exposure to ACE alone and in the presence of LAS, while the 

formulating agent alone and the formulation had no effect on GST activity. 

In the study of the individual and combined toxicity of the components 

of GLY-based formulations performed in acute immobilization tests with the 

use of our own laboratory D. magna colony and on juveniles provided by the 

Daphtoxkit F test kit distributed by MicroBioTests, the order of toxicity for both 

tested preparations (ROUNDUP CLASSIC, MEDALLON PREMIUM) and D. magna 

strains was as follows: active ingredient < formulations < formulating agents. In 

the algal growth inhibition tests on the investigated green algae species, the 

order of toxicity for GLY-based formulations and its components was mostly in 

line with the trend observed for D. magna on the basis of 72h EC50 values 

calculated from the result of optical density and chlorophyll-a-content 

measurements. In the study of phytotoxic effects, significant differences were 

found in the sensitivity of different algae species, even for species belonging to 

the same family. During the investigations of the effects of ROUNDUP CLASSIC 

and its components on the photosynthetic activity of Pseudokirchneriella 

subcapitata, the treatment of the algal cells with ROUNDUP CLASSIC resulted in a 

significant decrease of the Fv/Fp values corresponding to the photochemical 

efficiency of the PS II photochemical system, but only at the highest test 

concentration [POEA (a mixture of polyethoxylated tallow amines): 18,9 mg/l, 
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GLY: 50,6 mg/l]. The Fv/Fp values were not affected by the individual exposure 

of the components. The Rfd values indicated an increase in photosynthetic 

activity in the low concentration ranges, while at higher test concentrations, a 

decrease was observed upon exposure to the formulation and POEA. 

Biofilms originated from River Danube and Lake Velencei adapted well 

to laboratory conditions, and a significant decrease in algal biomass was not 

observed in the untreated control during the experimental period. In contrast to 

biofilms from River Danube and Lake Velencei, a degradation of biofilms was 

detected under laboratory conditions in the control units originated from Lake 

Balaton. The effects of ROUNDUP CLASSIC and its components were 

demonstrated on the biomass of algal communities in domestic surface water 

biofilms, while an increase of algal biomass was detected as a result of GLY 

treatment in different years, yet only in some cases and after an initial decrease. 

The ROUNDUP CLASSIC treatment resulted in a decrease in the algal biomass of 

the exposed biofilms, except for the Danube data set from 2016, however, 

significantly slower increase in biomass was observed in this case as well. An 

increase in biomass values was caused by POEA treatment, however, in samples 

from Lake Velencei, similarly to GLY, only after an initial decrease. The 

realignment of algal communities was observed in the treated biofilms, as more 

sensitive species to the effects of treatments were replaced by more tolerant 

mainly filamentous green algae species, which can utilize the test substances as 

a source of nutrients. At the end of the experiment, increased production of 

extracellular, mucous exopolymers was observed in the treated biofilms 

compared to the control, mainly in the presence of POEA, which can be 

interpreted as an increased stress response in biofilms. Based on the result of the 

performed trait-based method using the examination of the biological 

characteristics, a significant change can be observed in the cell number ratio of 

the diatom communities over time in the control and treated groups during the 

analysis of cell size and ecological guild categories, in biofilms from Lake 

Balaton and River Danube as well. GLY treatment resulted in an increase in the 
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relative frequency of the smallest and largest cell size categories in biofilms 

originated from River Danube, however, the increase in the smallest cell size 

category was stronger in the treated biofilm samples from Lake Balaton as 

compared to the largest cell size category. The effects of GLY were detected on 

the relative frequency of ecological guild categories only in biofilms originated 

from River Danube, where an increase in the relative frequency of low-profile 

guilds and a decrease in the frequency of the motile guild were confirmed 

compared to the control. 

A rather varying tendency of GLY degradation was observed in the form 

of the pure active ingredient and formulation as well as in the two natural water 

bodies. After the initial decrease of GLY concentration in water samples 

originated from River Danube, the concentration stagnated in both forms, while 

no change in the measured concentration was observed during the one-week 

study period in water samples originated from Lake Balaton. The concentration 

of GLY in aqueous medium is significantly affected by the presence of POEA, 

because in the samples collected after adjusting the GLY concentration, much 

higher concentrations were determined in the form of the formulation in the 

investigated surface water samples originated from River Danube and Lake 

Balaton, also in the presence of biofilms. The environmental concentration of 

GLY is highly affected by the presence of biofilms as well. 

The rate of LAS degradation in the form of a pure detergent mixture 

significantly exceeded the rate of degradation in the form of MOSPILAN 20 SG 

both in distilled water and in water samples from River Danube. The DT50 

values characterizing the degradation of the detergent mixture are much lower in 

the natural water sample than in distilled water, while there was no difference in 

DT50 values in the presence of ACE and other additives in the formulation 

MOSPILAN 20 SG. Based on our results, the degradation of LAS is significantly 

influenced by the physical, chemical, and biological properties of the aqueous 

medium, and the presence of certain neonicotinoid-type active ingredients 

(ACE, imidacloprid, TCL) and other additives in the formulations.  
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4. NEW SCIENTIFIC RESULTS 

 

1. During the assessment of the effects of sulfamethoxazole and 

trimethoprim (TRI) investigated on Daphnia magna individually and 

together at concentrations equivalent to their formulation SUMETROLIM 

used in human and veterinary medicine, the individual acute toxicity of 

TRI is almost ten times lower than the observed combined toxicity of the 

pure mixture of the active ingredients, and the increased activity of the 

enzyme glutathione-S-transferase (GST) was demonstrated for the 

investigated active ingredients and formulation. 

 

2. In the study of the acute toxicity of neonicotinoid formulations on the 

immobilization of D. magna, I was the first to prove that the combined 

toxicity of the additives and active ingredients found in clothianidin-

based APACHE 50 WG and MOSPILAN 20 SG containing acetamiprid 

(ACE) formulations exceeds the individual toxicity of their active 

ingredients. 

 

3. A strong synergistic effect was demonstrated on D. magna when the 

combined effect of ACE and linear alkyl benzene sulfonates (LAS) used 

as formulating agents was investigated in pure form (a mixture of neat 

ACE and LAS at equivalent concentrations to their formulated product 

MOSPILAN 20 SG), but reduced combined toxicity was observed for the 

formulation containing other additives. Decreased GST enzyme activity 

was proven during the exposure of ACE alone (65 mg/l) and its pure 

mixture with the formulating agent (7,4 mg/l ACE and 0,9 mg/l LAS). In 

addition, the degradation of LAS was significantly influenced by the 

physical, chemical, and biological properties of the aqueous medium, 

and may also be affected by the presence of neonicotinoid-type active 
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ingredients. ACE, imidacloprid, and thiacloprid active ingredients 

significantly increase the half-life of LAS. 

 

4. In the study of the phytotoxicity of glyphosate (GLY)- based ROUNDUP 

CLASSIC formulation and its components, a hormetic effect on the 

photosynthetic activity of the Pseudokirchneriella subcapitata algae was 

demonstrated. A decrease in photosynthetic activity was proven at the 

higher test concentrations of POEA (a mixture of polyethoxylated tallow 

amines) (19,2 mg/l) and the formulation (11,6–50,6 GLY). 

 

5. The effects of ROUNDUP CLASSIC formulation and its components (GLY: 

100 µg/l; POEA: 37,4 µg/l) were proven even at concentrations much 

lower than those reported in the scientific literature on the biomass and 

composition of algal communities in biofilms grown under natural 

conditions in different Hungarian surface water bodies, and the effects 

were found site-specific. Based on the biological trait-based 

investigations of diatom communities in domestic surface water 

biofilms, the effects of GLY and its formulation on the relative 

frequency of diatoms in different cell size and ecological guild 

categories was demonstrated. 

 

6. A rather varying tendency of GLY degradation was proven in the 

investigated surface waters. Based on our studies the environmental 

concentration of GLY is highly affected by the presence of POEA and 

biofilms as well. 
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7. CONLCUSIONS AND SUGGESTIONS 

 

Our results indicate differences within each substance class in the acute 

toxicity of the investigated sulfonamide and neonicotinoid active ingredients in 

spite of the similarities in the chemical structures of the compounds in each 

group, which differences warn that great care must be taken when performing 

extrapolations (e.g., QSAR modeling) to estimate toxic effects based on 

common structural elements/similar structure. In the study of sulfamethoxazole 

and trimethoprim (TRI), there was no difference in the effects of the active 

ingredients in the immobilization tests, whereas significant differences were 

observed between their effects on glutathione-S-transferase enzyme activity. 

Consequently, in the authorization process for veterinary and plant protection 

products, it would be necessary to extend the scope of mandatory standard tests 

to more sensitive test methods and endpoints (e.g., enzyme activity tests, 

immunomodulatory effects), especially if the mechanism of action is to be 

investigated. 

Significant differences in susceptibility of the studied algal species were 

observed in many cases, even for Desmodesmus subspicatus and Scenedesmus 

obtusiusculus species belonging to the same family (Scenedesmaceae), 

presumably due to differences in the morphology, cell biology, and physiology 

of different algal cells. Due to the significant variability in the results of 

standard tests, the implementation of the toxicity tests on several members of a 

given taxon is advised to be included in environmental risk assessment, where 

the species to be studied can be selected based on, inter alia, ecological 

relevance, and distribution or the sensitivity of the species. In the evaluation of 

phytotoxic effects, a rapid indication of the development of toxic effects allowed 

by the measurement of photosynthetic activity, which can be achieved without 

damaging the cells. 

Although the individual toxicity values determined in our standard tests 

are higher compared to the average detectable environmental concentrations of 
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the investigated veterinary and neonicotinoid type active ingredients in surface 

waters, environmental risk assessment must be carried out in their case as well. 

The toxicity of residues in surface waters can be significantly affected by 

habitat-specific environmental conditions, and for certain specific point sources 

(e.g., after pharmacological treatment of aquaculture) the level of contamination 

can reach the order of mg/l. The investigated active ingredients are present in 

surface waters in relatively low concentrations but continuously, therefore the 

study of the effects of long-term chronic exposure is essential in environmental 

risk assessment. The toxicity values determined for glyphosate- (GLY) based 

formulations also remain below the average level of environmental 

contamination, however, in watercourses near treated areas, environmental 

concentrations may significantly increase after heavy rains. 

Significant differences were observed in the individual and combined 

toxicity of the components of veterinary and plant protection products. The 

various additives used in the formulations cannot be considered as evidently 

inactive ingredients due to their physicochemical properties and their 

participation and role in various biological interactions, therefore their 

toxicological and ecotoxicological evaluation is essential during the 

environmental risk assessment of formulations applied in agricultural practice. 

Similarly to ROUNDUP CLASSIC containing a mixture of polyethoxylated tallow 

amines (POEA) as a formulating agent, in tests investigating the toxicity of the 

components of MEDALLON PREMIUM the investigated alkyl polyglucoside (APG) 

formulating agent proved to be the most toxic component. Due to the 

incriminatory scientific results, the use of POEA as a formulating agent in GLY-

based formulations has been banned in the EU. Although the individual toxicity 

of APG on D. magna and algal test organisms is lower compared to the 

individual toxicity of POEA, it affects the toxicity of the formulation, so 

revision of GLY-based pesticide products formulated with APGs may also be 

necessary. Our results demonstrate and support the scientific suggestions, which 

require changes in official authorization and regulation, including strict 
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regulation of additives, future development of a common approach to the 

environmental risks of mixtures of different chemical compounds, moreover, the 

development and introduction of new effective guidelines for the detection of 

combined toxicity. 

In the study of natural surface biofilms, uniform, statistically identical 

algal units were provided with the use of the special buoy structure developed 

for biofilm colonization, however, significant differences in the sensitivity of 

biofilms grown under different natural conditions were observed. The effects of 

the investigated GLY concentration (100 µg/l) were demonstrated on the 

evolution of the algal biomass, and the rearrangement of the composition of the 

algal communities was detected in the treated freshwater biofilms. Diatom 

communities in natural biofilms can be good indicators of GLY contamination 

in freshwaters, and compared to analysis at the level of species the use of a 

clearer data set is ensured by the biological trait-based analysis of diatoms when 

comparing trends and testing hypotheses. However, the standardization of 

studies performed on biofilms is difficult and thus less reproducible, based on 

their results more precise conclusions can be drawn for aquatic ecosystems. The 

advantage of ecotoxicological studies on biofilms is that the adverse effects of 

different pollutants can be investigated at a community level, and they better 

represent the natural processes in the environment than standard studies on 

single species, as not only individuals of a species but populations of different 

species are exposed to xenobiotics in environmental compartments. The effects 

of different populations on each other after exposures can be assessed as well in 

studies at a community level. 

A rather varying tendency of GLY degradation was proven in the form 

of pure active ingredient and formulation, and in the two natural surface water 

bodies as well, mainly due to the physical (e.g., temperature, suspended solid 

particles) and chemical (e.g. pH, dissolved oxygen content) characteristics of 

different natural waters, and the differences in the composition of the microbial 

community. Based on our results, the environmental concentration of GLY is 
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highly affected by the presence of POEA and biofilms as well in the aquatic 

environment. The authorization and the assessment of environmental risks of 

pesticide active ingredients and their formulations are currently carried out 

based on DT50 values determined under laboratory conditions in tests performed 

in distilled water. However, based on the literature data and our results, the 

continuous review of the DT50 values used in the processes of authorization and 

environmental risk assessment and the determination of habitat-specific data are 

essential. The tendency of the environmental concentration of linear alkyl 

benzene sulfonates in surface waters also depends significantly on physical, 

chemical, and biological characteristics of the aqueous medium (e.g., the 

presence of suspended solid particles, the density and composition of the 

microbial community), and on the presence of certain neonicotinoid type active 

ingredients. 

The results of my PhD work draw attention to the fact that in the 

authorization and risk assessment processes of veterinary drugs and plant 

protection products, mandatory ecotoxicological studies should be performed on 

several representatives of a given taxon. The combined toxicity of the 

formulations and the environmental fate of active ingredients are highly affected 

by formulating agents applied in the formulated preparations, therefore these 

additives cannot be classified as unequivocally inert components. The 

ecotoxicological evaluation of formulating agents individually and in 

combination with the active ingredients is essential during a reliable 

environmental risk assessment of formulations used in agricultural practice. 
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