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Foreword  
The decline of insect populations has been blamed on several factors, 

including on pesticides, but few focused studies have been carried out regarding 

the correlation between pesticides and insect decline.  

The authors of this study have earlier carried out an extensive investigation 

into the contamination with harmful chemicals of animal husbandry farms in the 

Netherlands. That study formed a good preparation for the current study 

presented here. We hope that this study on the pesticide contamination of 

German nature conservation areas, will shed (some) light on the presence and 

effects of pesticides in our environment. In fact, the contamination of our natural 

environments might even be a threat to the agricultural production system itself, 

as well as for human health and for the health of biodiversity and ecosystems. In 

this study, we focus on the health of the ecosystem.  

We note that research such as this depends on funding. And funding depends 

on priorities set by public or private organisations. Funding organisations often 

have influence on the choice of subjects and methodologies of research. To date, 

we note that little research has been carried out on the effects of pesticides on 

ecosystem wellbeing, which might be explained by the strong political position 

of industrial agricultural interests in the EU. Nevertheless, few scientists whom we 

have interviewed expect that pesticides would not play an important role in the 

ongoing ecological degradation that is currently taking place.  

To stimulate other scientists to carry on this research, we have published all 

original measurement data in the appendices. 

We hope that this research will contribute to strengthening the discussion 

about the role of pesticides in the decline of biodiversity. We let the facts speak 

for themselves.  
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Summary  
In 2017, the Entomological Society of Krefeld (EVK) in Germany published their 

study together with the Radboud University of Nijmegen about the results of 

insect biomass measurements with the help of standardized Malaise insect traps 

in German nature reserves. They concluded that insect biomass of flying insects 

declined by about 76% in 27 years from 1989 until 2016. In that study the main 

causes for this decline could not be designated. Due to a lack of data, the 

analysis of the causal relationships was not able to include a number of potential 

factors, such as pesticides. In general, some potential causes were mentioned, 

like ‘intensive agriculture’ in the vicinity of the study sites. In intensive 
conventional farming the use of pesticides is a common practice, allowed by law. 

This research study set out to test the following two hypotheses:  

• pesticides can be found in vegetation and soil inside nature reserves 

• pesticides in the environment have influence on insect declines inside 

nature reserves 

The objectives of the study were therefore: 

• to get understanding of the presence of pesticides in nature reserves 

• to get understanding of influence of pesticides on insect populations by 

evaluation of the properties of the found pesticides 

 In our study we investigated the presence of 661 pesticides (including biocides 

and metabolites) in the vegetation and 664 pesticides in the soil in 15 nature 

reserves, where the EVK had operated “Malaise-Fallen” (MF) insect traps. In 

addition, we looked for the same pesticides in 3 buffer areas (belonging to, or 

bordering, nature reserves) where agricultural activities are allowed, and 5 

reference areas, located more than 2 km from arable farming fields. The 

reference areas were selected on basis of their larger distance to arable farming 

fields. In the reference areas no MF insect traps were present. The buffer areas 

were locations with insect traps, but outside nature reserves, or within nature 

reserves but under agricultural management. All samples were taken in the 

autumn of the year 2019 from 5/11/2019 until 4/12/2019.  

In total we found 53 different pesticides, including biocides and metabolites, in 

the vegetation and soil inside the nature reserves at the locations of the Malaise 

insect traps (called MF in the text), 15 in reference areas and 66 in buffer areas. 

Since many pesticides were found in all areas, the total number of different 

pesticides amounted to only 94, of which (at 1/12/2019) 60 are admitted for use 

by law. Inside the nature reserves in total 15 insecticides (including metabolites 

and isomers) were found, in the reference areas 5 and in the buffer areas also 
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15. In the vegetation of the reference areas the average total concentration of 

pesticides was 44.4% lower (28.41 µg/kg dry matter instead of 51.13 inside the 

nature reserves) and the number of found pesticides per sample was 34.3% lower 

than in the samples of nature reserves (5.0 instead of 7.6 pesticides per sample). 

A handful of them may originate from non-agricultural sources, such as industry, 

households and exhaustion gases (diphenyl, anthraquinone, phenylphenol-2 

and diphenylamine). All the other 90 compounds are exclusively used in 

agriculture, or are metabolites, or isomers from pesticides used in agriculture. It 

will be useful to determine the origin of diphenyl and anthraquinone, which are 

in this study responsible for 33.3% of the amount of pesticides in wild plants and 

for 61.2% of pesticides in the soil. The amount of these compounds from non-

agricultural origin represent 44.7% of the quantity found in the vegetation of 

nature reserves. However, due to a large variation of measured values and a 

relative low number of the investigated reference locations, the differences 

between the found pesticides in the reference areas and the nature reserves are 

not statistically significant. 

Since only the pesticide load of selected substrates was determined at one 

point in time - no direct correlation is possible with the measured decline of the 

insect biomass in the time-line of the data in Hallmann et al. (2017). Because no 

historical data are available on the pesticide contamination of these insect 

trapping locations, our measured values provide first indications of the potential 

contribution of pesticides to the proven decline of insects inside of nature 

protected areas in Germany. Due to the large number of 53 different pesticides 

found in different nature reserves, with a wide range of various properties, it is in 

any case very complicated to link the effects of all these different compounds 

with the development of the entomofauna. 

 In this research a toxicological literature investigation has been made of the 

compounds that have been found, i.e. their mode of action, the time dependency 

of their effects and various other aspects that play a role in nature. The 

conclusion is that the integral assessment of the effects of pesticides on the 

entomofauna is at present not possible. Many official data are likely to 

underestimate the potential effects, because of 12 reasons, which are discussed 

in this study (Chapter 5.8). The underestimations of toxicity in case of pesticides 

with dose-time dependent action can easily amount to thousands of times. 

Examples are neonicotinoids and some pyrethroid insecticides but can be 

extended to fungicides and herbicides found often in this research. The effects of 

neonicotinoids are even reinforced by time. In the present admission procedures 

for pesticides in the EU, determination of time dependency is not required, so the 

information about this aspect is rare. The relative impact (harmfulness) of all the 
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94 pesticides found in this study for the entomofauna is so far completely 

unknown. It might even be that each of them has only a small effect and that the 

major effect is related to the whole of the cocktails found. In this context it needs 

to be noticed that although in this research the presence of many pesticides 

(and some metabolites) has been tested, there are still many pesticides that 

were not included in this research. Finally, pesticides and metabolites that were 

in the nature reserves but, due to limitations in the analysis technique, could not 

be measured might also contribute to the toxic effects on the entomofauna. 

In short, there can be no certainty that the 94 pesticides found do not harm 

nature and its biodiversity. The ecotoxicological threshold value LR50 is known 

for only four out of the found 22 insecticides. The four insecticides of which the 

LR50 is available, almost certainly have (in the concentrations in which they were 

found) a serious impact on the entomofauna. Therefore, there can be no certainty 

that the other 18 insecticides found have less impact. There are sufficient reasons 

to assume that all insecticides (and other pesticides found) play an important 

role in the insect decline. Therefore, steps should be taken to prevent them from 

contaminating nature reserves even further. Although in this research the 

compounds from non-agricultural origin contribute substantially to the quantity 

found in the vegetation in nature reserves, in terms of toxic potential the few data 

available about the toxicity of these compounds indicate that they are probably 

less toxic than most of the other pesticides found. More research can help to 

solve various urgent questions, but research should not be a pretext in order to 

postpone measures against contamination of nature reserves with all the 94 

pesticides found. A number of recommendations for policy makers have been 

presented in this study.  

The primary aim of this study was to investigate the presence of pesticides in 

nature reserves, buffer areas and reference areas. It was not the aim to determine 

the spatial origin of the pesticides found, although it is a very important question. 

The methodology of this study did not allow us to establish correlations between 

on one hand the pesticides found, their concentrations in soil and vegetation and 

on the other hand the insect decline. Further research of causal relationships 

between insect decline and presence of pesticides should be an important next 

step.  
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List of abbreviations 
and terms  
Abbreviation or term Meaning 

AA-EQS Average annual environmental quality standard for 

surface water 

Accumulating effect 

of compounds 

Compounds that cause irreversible accumulating 

damage in living organisms (also at very low 

concentrations) 

Accumulating 

compounds 

Compounds that are accumulating in living organism by 

metabolic processes 

ADI Acceptable Daily Intake 

AMPA Abbreviation of name of metabolite of glyphosate 

(aminomethylphosphonic acid) 

Ar Aphidus rhopalosiphi (parasitic wasp) 

Buffer zone Areas without status of nature reserve or agriculturally 

used soils within nature reserves 

BVL German Federal Office of Consumer Protection and Food 

Safety 

CAS number Unique numerical identifier assigned by the Chemical 

Abstracts Service (CAS) to every chemical substance 

described in the open scientific literature 

cm Centimetre 

CTGB Dutch Board for the Authorisation of Plant Protection 

Products and Biocides 

DDD Dichlorodiphenyldichloroethane 

DDE Dichlorodiphenyldichloroethylene 

DDT Dichlorodiphenyltrichloroethane 

DM Dry matter 

Dose-time-effect 

relationship 

Relation between the combination of dose, exposure time 

and effect of compounds on living organisms 

DT Degradation time (time in which pesticides under defined 

conditions are converted into metabolites) 

DT50 Degradation time in which under defined conditions half 

of the original compound has turned into metabolites 



14 | List of abbreviations and terms 

 

 

Abbreviation or term Meaning 

DT90 Degradation time in which under defined conditions 90% 

of the original compound has turned into metabolites 

EFSA European Food Safety Authority 

EPA Environmental Protection Agency (US) 

EQS Environmental Quality Standard 

EU European Union 

EVK Entomological Society Krefeld (Entomologischer Verein 

Krefeld) 

Exposure time Duration of the exposure of an organism to a certain 

chemical 

g Gram 

GC Gas chromatography 

GPS Global Positioning System 

ha Hectares 

HCH Hexachlorocyclohexane 

HQ Hazard quotient; compares measured values with an 

environmental quality standard/toxicological threshold 

value 

Isomer One of two or more compounds, radicals, or ions that 

contain the same number of atoms of the same elements 

but differ in structural arrangement and properties 

IUPAC International Union of Pure and Applied Chemistry 

kg Kilogram 

km Kilometre 

l Litre 

LC Liquid chromatography 

LC50 Lethal concentration: Concentration of a substance in 

soil, water or air killing 50% of the population of test 

organisms within 496 hours in mg/kg, mg/l or mg/m³ 

LD50 Lethal dose: Dose of a substance killing 50% of the 

population of test organisms within 4-96 hours in mg/kg 

bodyweight 

LOD Limit of detection 

LR50 Lethal rate of a substance (in g/ha) that causes 50% 

mortality of terrestrial test organisms within 48 or 72 

hours 

Metabolite Conversion product of pesticides or other chemicals 
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Abbreviation or term Meaning 

MF Malaise-Fallen (Malaise insect traps for catching flying 

insects) 

µg Microgram; one millionth part of a gram 

mg Milligram 

ml Millilitre 

mm Millimetre 

Mode of action (MOA) Mechanism by which a substance performs its main 

function 

mPa Millipascal; one thousandth part of one Pascal, which is 

the SI unit of pressure, equal to one newton per square 

metre 

MS Mass spectrophotometry 

MRL Maximum residue limit 

ng Nanogram 

NOAEL No observed adverse effect concentration 

NOEC No observed effect concentration 

PAN Pesticide Action Network 

Pesticide Active ingredient of a crop protection agent, biocides, 

and their metabolites 

pg Picogram 

Receptor binding Binding to a functional organic macromolecule referred 

to as a specific receptor, in a bimolecular reaction 

Reference zone Areas located relatively far from arable farming 

SFD Soil Framework Directive 

Tp Typhlodromus pyri (predatory mite) 

TU Toxic unit 

Vapour pressure Pressure exerted by a vapor 

WFD Water Framework Directive 

WHO World Health Organisation 
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CHAPTER 1 

1 Introduction 
In recent years, several studies have been published about unprecedented 

declines of insect populations and bird populations in Europe. From 1989 until 

2016 a severe decline of flying insects by 76% was measured in 63 nature 

conservation areas in Germany (Hallmann, 2019; Hallmann et al., 2018). The 

decline of many insect and bird species has a yearly rate of several percent per 

year (either measured as biomass, or as population densities) and can be 

characterized, not only as decline of two important groups of organisms, but as 

a gradual degradation of the whole ecosystem. This is also demonstrated by the 

decline of plant species that are dependent on insect pollinators (Biesmeijer et 

al., 2006). 

Pesticide contamination is widely discussed in society in general and in nature 

protection groups in particular. The contamination of nature is, as a rule, denied 

especially for nature protected areas and if the contamination is proven, its 

effects are trivialized. Therefore, we hope that the associated stakeholders 

(authorities, scientists, conservationists, and industry) will show a joint interest 

in establishing the hard facts in this sphere. Many factors (like climate change, 

exhaustion gases, industrial chemicals, etc.) can be blamed for the insect 

decline. Geiger et al. (2010) identified by statistical analyses that fungicides and 

insecticides were the strongest factors in biodiversity decline. In the context of 

this study only the potential relation with pesticide contamination wil l be 

elaborated. 

It needs to be said that the measuring accuracy of the chemical analyses 

used in this research is higher than usual in current research, but are still not 

high enough to measure for insects potentially negatively influencing low 

concentrations (less than 1 µg/kg) of certain pesticides in the field. In the case 

of such pesticides (like pyrethroids, neonicotinoids, etc.) nature might be 

negatively influenced with respect to certain insect taxa, without us being able 

to measure anything with standard measuring protocols. More sensitive 

measuring methods for the affordable screening of large packages of pesticides 

were, however, not available to us during this research.  

Due to the worrying results of Malaise insect traps measurements in German 

nature reserves, this research was started to establish the insecticide (and other 

pesticides) contamination of the nature reserves. In this context it needs to be 

said that pesticides are not the only chemicals that might influence insect 
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populations, but they are good candidates because they are specifically 

designed to kill insects (i.e. insecticides) or their host plants (i.e. herbicides).  

There is little information about the distribution of pesticides in nature 

reserves because there is no regular monitoring of the soil, vegetation, or 

animals. Regular monitoring of pesticides only occurs in surface water. 

Therefore, it was decided to investigate the pesticide contamination of nature 

reserves by analyses of plant and soil samples from those nature reserves. 

Ideally spoken, in such a research insect biomass measurements and sample 

taking of soil and vegetation should be done in the same year and during 

different seasons. In this research that was not possible, because the MF biomass 

measurements had been done during the past for 27 years. A similar research 

was conducted simultaneously in nature reserves in the province of Gelderland 

(in the Netherlands). This province is bordering North Rhine-Westphalia. The 

results can be found in Buijs & Mantingh (2020). 

After obtaining data of the pesticide contamination of nature reserves, it will 

be a logical step to design experiments in order to determine the origin of all 

pesticides and the potential causal relationships between the cocktails of 

pesticides found in nature reserves and the effects on insect populations. In this 

research it was for practical reasons not possible to carry out research into 

causal relationships, but indications are given which factors should be focused 

on in such future research. Of special interest in that context are the pesticides 

with irreversible receptor binding in the target organism. Those compounds have 

an accumulative effect on living organisms but do not necessarily accumulate 

themselves in the tissues (as was the case with DDT). It is now generally 

accepted that neonicotinoid insecticides have irreversible receptor binding, 

whereas most researchers do not understand their cumulative effects. Strikingly 

enough, the property of (ir)reversibility of receptor binding is unknown for almost 

all pesticides, since determination of this property is not part of the admission 

procedures of new pesticides in the EU, or anywhere else on earth (Tennekes & 

Sanchez-Bayo 2020). In addition, the cocktail effect of more than one pesticide 

in the same organism is poorly understood. After obtaining data about the 

contamination of nature with pesticides, it is of utmost importance to carry out 

in vitro and in vivo experiments to establish causal relationships and time 

dependency of the effects. Testing toxicological effects with computer models 

doesn’t replace empirical testing, because no computer can predict the 
toxicological behaviour of chemicals in thousands of organisms present in the 

biosphere at a defined point. According to the results of Malaise insect traps, we 

now know, that the number of species of flying insects in one season reach 

several thousand species in a single Malaise insect trap result (Sorg et al. 2019). 
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CHAPTER 2 

2 Objectives of the 
research and period 
in which it was 
carried out 
The objectives of the research were: 

• to get understanding of the presence of pesticides in nature reserves  

• to get understanding of influence of pesticides on insect populations by 

evaluation of the properties of the found pesticides.  

The research was carried out from 20/9/2019 until 1/12/2020. 
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CHAPTER 3  

3 Hypothesis of the 
research 
The hypothesis of this research is that: 

• pesticides can be found in vegetation and soil inside nature reserves 

• pesticides in the environment have influence on insect declines inside 

nature reserves.  
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CHAPTER 4 

4 Methodology 
4.1 Selection of nature reserves and reference areas 

For the analysis of the potential pesticide contamination three types of 

sampling locations were identified: 

1. Nature reserves: Protected areas with no agricultural activities at the 

sampling locations and where measurements of Malaise insect traps 

(abbreviated as MF) would be (or become) available 

2. Buffer areas: Locations classified as nature reserves, or bordering nature 

reserves, with Malaise insect traps, but with agricultural activities  

3. Reference or control areas: Forested areas located at least at 2 km 

distance from arable fields, without Malaise insect traps installed 

In order to take samples of vegetation and soil, 12 locations were selected from 

the earlier MF biomass measurements, as published in Hallmann (2019). Eight 

additional locations were chosen from more recently (after 2016) started MF 

locations of the EVK, in order to get newer biomass measurement data, that 

would better correspond with the 2019 chemical analyses of the soil and 

vegetation. These 22 selected locations belonged to 15 different nature reserves. 

In five nature reserves two locations were sampled and in one reserve three. 

Permissions to sample all the areas were requested and obtained from the local 

nature conservation authority ‘Untere Naturschutzbehörde’, or other responsible 
authorities and organisations, in written form in the autumn of 2019.  

In the second category of areas, the buffer areas, five sampling points (located 

in, or near to, three different nature reserves) were selected. In, or near them, 

agricultural activities took place. Prior analyses indicated that the average 

distance from arable farming fields of the locations as published in Hallmann 

(2019) was less than 200 m. That relatively small distance implies that all those 

nature reserves are substantially exposed to pesticides’ drift coming from arable 
farming and that this distance is within the daily activity radius of many flying 

insects. In order to understand the ‘background’ exposure of more isolated areas 
to pesticides, 5 reference locations at 2-5 km distance from the nearest arable 

fields were chosen as well. They were covered by forest. The consequence of this 

choice was however that no MF measurements were available of those locations. 

In Table 1 the numbers and types of selected areas are indicated. 



24 | Methodology 

 

 

Table 1. Types of areas chosen for sampling of soil and vegetation for pesticides analysis  
Number and type of selected 

reserves 

Number of selected 

locations for sampling 

MF biomass measurements 

done or ongoing 

15 nature reserves 22 Yes 

3 buffer areas with agricultural 

activities 

5 Yes 

5 reference sites in > 2 km 

distance from arable fields 

5 No 

Total 32  

All locations of the selected areas are indicated in Figure 1. 

 
Figure 1. Locations of sampled nature reserves (yellow), buffer areas (green) and reference 

areas (red) in North Rhine-Westphalia and Rhineland Palatinate, Germany 

Locations in nature reserves are located in the Rhine valley, the reference areas 

in larger units of forest and the buffer areas in the Mosel valley and near Krefeld. 

Exact locations (as GPS coordinates) are given in Appendix 7.  
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4.2 Selection of matrices to be sampled 

To understand the contamination of nature with pesticides, there were several 

options for matrices to be sampled. 

• Soil 

• Vegetation 

• Water 

• Animal excrements 

 It was foreseen that the focus of sample taking would be on soil and 

vegetation because these are available everywhere. Water composition in the 

neighbourhood of sampling sites does not necessarily reflect long-term 

tendencies in the environment and bodies of water are not present in every 

location. Therefore, it was decided not to take surface water samples. In addition, 

the presence of animal excrements within the planned distance of 20 m from 

sampling sites is logically spoken dependent on sheer chance. It was decided to 

take samples in case they would be present. 

4.3 Navigation 

The coordinates of the MF were obtained from the EVK in digital form. These 

areas were visited and with help of a Garmin Etrex30 navigator the locations 

where the MF were standing, or had been standing, were found. In case of the 

Reference areas, open spots that had been earlier identified were also found in 

the same way. The sampling spot was then stored in the memory of the Garmin 

navigator. 
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4.4 Sampling protocol 

At the 32 chosen locations (see Table 1) 43 samples were taken manually from 

the vegetation and 32 from the soil. In total 7 samples were taken from animal 

excrements. The full protocol can be found in Appendix 3. 

4.4.1 Soil 

The soil samples were taken with a metal auger of 50 mm diameter and 

sampling section of 18 cm. The auger is shown in Figure 2. This was done in the 

following way: With a measuring tape a distance of 20 m was indicated from the 

MF spot. Within this distance, around the MF spot 25 sub-samples were taken 

onto a depth of 18 cm. The samples were evenly spread across this circle of 20 

m from the MF, as far as possible. On some places within this circle there were 

inaccessible places, like water, rocks, and dense bushes. The 25 sub-samples 

were put into a galvanized bucket and thoroughly mixed with a galvanized small 

spade. With the mixed sample two plasticised paper bags (provided by the 

laboratory) were filled with around 1 kg of soil. The small remaining part (as a 

rule less than 500 g) was not used. 

 
Figure 2. Sampling auger used to take soil samples 
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4.4.2 Vegetation 

Within the earlier mentioned distance of 20 m from all MF locations also 

vegetation samples were taken. Within this circle 25 sub-samples of the 

vegetation were taken with garden sheers and put into a transparent plastic bag 

of 30 litres (that were as well provided by the laboratory). At all MF locations the 

vegetation was different. Therefore, there was no option to choose one and the 

same plant for sample taking. For each location one of the dominant 

plant/vegetation types was chosen. For the matter of comparability, identical 

plants were, as far as possible, sampled at more than one location. In some 

locations twigs of trees were sampled with clean pruning shears. The total fresh 

weight of the plant/vegetation samples varied from 500 g to 1000 g. Due to the 

susceptibility of the chemical LC/GC analyses no use was made of any synthetic 

tools for handling the samples. No gloves were used either, in order to avoid 

contamination with unknown chemical compounds. After taking samples hands 

and tools were cleaned only with tap water from Bennekom (in the Netherlands). 

4.4.3 Animal excrements 

At 7 MF locations, animal excrements were found. Since the research team has 

extensive experience with manure analyses of farm animals, it was decided to 

take samples of that manure as well. Grazing animals collect specific parts of 

the vegetation thus showing the general contamination of the vegetation, 

possibly reflecting the state of the environment (the content of specific 

pesticides) better than individual plants. However, certain pesticides are inside 

organisms converted into metabolites of which the majority is not measured. 

Many pesticides and their metabolites can also be excreted via urine. So far 

available, the droppings of rabbits were collected from at least 20 spots, the 

excrements of roe deer and red deer were collected so far available from more 

than 10 spots. The samples of the animal excrements were put into plasticised 

paper bags (provided by the laboratory). 

4.5 Storage of samples 

Straight after taking the samples, they were stored for 1-3 days in a ski box on 

top of the car. Due to modest autumn temperatures, the condition of the samples 

stayed good. The maximum day temperature varied from 5 till 16°C and the 

minimal night temperature from +9°C till -4°C. After each field trip, the soil 

samples were all placed in the freezer (BEKO freezer) at -18°C and the vegetation 

samples were stored at +5°C. The next day they were brought to the storage of 

the laboratory and put into a storage room at -18°C. Freeze-dried and milled 
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plant samples that were not needed for chemical analysis were stored for 

eventual later genetic research of their composition. During sampling there was 

not sufficient time to determine the exact botanic composition of the vegetation. 

Unprocessed duplicate soil samples were stored at -18°C for eventual future use 

in case this would become important for the interpretation of the research results 

and for eventual second measurements of the same sample. 

4.6 Preparation and analyses of samples by the 

laboratory 

All samples (vegetation, soil, and animal excrements) were freeze-dried and 

milled, and with the obtained data the moisture content could be determined. All 

vegetation samples were analysed according a fixed multi-test protocol 

(Appendix 1) for 661 different pesticides, including some biocides and 

metabolites (see Appendix 2), making use of the GC + MSMS of Agilent and LC of 

Agilent combined with the MSMS of Sciex. In addition, the soil samples were also 

analysed for glyphosate, AMPA and glufosinate. In case of the soil, therefore the 

total number of analysed compounds amounted 664 (661+3). The freeze-dried 

and milled samples were extracted with a mixture of three solvents: Acetone, 

petroleum-ether and dichloromethane. Four salts were used in the extraction: 

Sodium citrate (15.4% 1 ), Sodium hydrogen citrate sesquihydrate (7.7% 1), 

Magnesium sulphate (61.5%1) and Sodium chloride (15.4%1). Extraction was 

executed for 15 minutes while being mixed at 640 RPM and 10 minutes 

centrifugation at a Relative Centrifugal Force (RCF) of 17.105xg. Depending on the 

substance and matrix the Limit Of Quantification (LOQ) ranged from 0.6 µg/kg 

fresh sample to 2.4 µg/kg. The LOQ of the measurements of fresh vegetation 

varied from 0.6-3.0 µg/kg. Lower concentrations, above the limit of detection, 

were also detected, but with a non-specified probability interval of confidence. 

The 90% confidence interval of all measurements above the LOQ was 0.5 times 

the measured value up to 1.5 times the % measured value. The list of all 

pesticides, biocides, and metabolites, analysed by GC/MSMS and LC/MSMS, can 

be found in Appendix 2 of this report. In Appendix 5 the LOQ of the found 

pesticides in each sample is indicated. The list of analysed pesticides contains 

pesticides that can be extracted with the same extraction procedure and the 

same solvents. Those that require other procedures were not included in this 

research. In addition, the large majority of metabolites are not included in routine 

 
1 weight percentages 
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multi-test protocols. That is the reason why in this study only few metabolites 

were tested for. 

The analyses were performed under the conditions available to the certified 

laboratory and according to the techniques and methods developed by the 

laboratory at the time of execution. Although many compounds (661) were 

measured in this study, various widely used pesticides could not be included in 

the measuring program. This was decided on the basis of cost grounds. Also, due 

to the nature of the samples (soil / vegetation / manure), and the concentration 

step for achieving the intended limit of quantification (LOQ) in this project, there 

is a possibility of various disturbances being recorded. As a result, the quality 

cannot be guaranteed for certain compounds and depends on the matrix. As a 

result, there is an increased limit of quantification (LOQ) for those compounds. 

There are also numerous conversion products (degradation products, esters, 

conjugates, etc.) for each of the measured pesticides, for which no standard 

measuring procedures exist. As a rule, these conversion products have not been 

analysed either. Measurements of most of these conversion products are not 

offered by any laboratory. 

4.7 Botanic composition of vegetation 

Ideally spoken it would have been desirable to determine the botanic 

composition of the samples taken. This is however quite complicated for 

vegetative grasses and in addition there is always the risk of contamination (with 

pesticides or biocides) while doing this. To identify plant species, the vegetation 

samples have to be spread out and the use of synthetic surfaces unavoidably 

leads to contamination with compounds from the plastics and possibly from the 

air. It was decided to store a part of the freeze-dried samples for DNA analyses 

for future use, in case it will be required for later species identification. 

4.8 Investigation of pesticide properties 

In the literature countless properties and effects of every pesticide can be 

found. Within the limited scope of this research, it was not possible to investigate 

in literature properties of every pesticide found individually. Therefore, use was 

made of the Pesticide Properties database of IUPAC and PAN Pesticide Database-

Chemicals, which contain information about all the active ingredients on the 

European market and contains also information about active ingredients that 

have been used in the past on the European market. In this and other databases 

pesticides are classified into insecticides, herbicides, fungicides, acaricides etc. 

Also, this classification is widely used by the general public. Selected relevant 
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information about the found pesticides has been summarized into Appendix 4. In 

that table the following information can be found: 

• Name of compound (in English)  

• Type and compound group of pesticides to which it belongs  

• International identification number (CAS)  

• Vapor pressure (as measure of the sublimation/evaporation tendency) 

• DT50 or DT90 as measure of the time needed to convert 50, or 90% of the 

parent substance into metabolites  

• LR50 lethal rate per hectare (expressed in g/ha) for certain organisms at 

which 50% of the test organisms die 

• Human health issues according to IUPAC and according to PAN, such as 

genotoxicity, carcinogenicity, reproduction and development effects, 

neurotoxicity, or endocrine disrupting properties 

• Environmental quality standard (EQS) for surface water 

4.9 Interpretation of insect biomass measurements 

For the interpretation of insect biomass measurements, it would be important 

to understand whether areas that are more contaminated with pesticides show 

a greater decline of insect biomass or diversity. Because of methodological 

reasons for such an investigation a large number of relatively homogeneous 

nature conservation areas with comparable vegetation and conditions should 

have been selected. In addition, measurements during longer periods of time 

might have provided useful information. In this research however it was only 

possible to investigate a variety of different nature protected areas within one-

month time to get a more general impression of pesticide contamination. That is 

one of the reasons why we could not investigate the influence of the found 

pesticide contamination on the insect biomass data. 

4.10 Toxicological parameters used 

For the investigation of effects of mixtures of pesticides, it is general practice 

in toxicology to add up toxic effects of different compounds by using so called 

‘Toxic Units’ (TU’s). In ecotoxicology the No Observed Effect Concentration 
(NOEC), the median Lethal Dose (LD50) or median Lethal Concentration (LC50) 

are the standard toxicity measurements derived from laboratory experiments. 

Any of these values can be used as TU to calculate and compare toxic effects of 

mixtures. This sounds logic, but there are many reasons for not following this 

approach: 
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• The synergistic and antagonistic effects of the different pesticides in the 

found cocktails cannot be accurately predicted on the basis of present 

theory (Zhu et al., 2014) 

• The LD50 or LC50 for non-target invertebrate terrestrial organisms is 

mostly limited to the pollinators (honeybees and bumblebees) and 

earthworms (Eisenia fetida) and in IUPAC not available for other non-

target insects 

• The toxicity of all compounds found for the specific insect taxa caught in 

the MF is completely unknown 

• Various researches show that stress factors can increase in vivo 

susceptibility of organisms by a factor varying between 10 and 1000, 

especially in case of nutrient stress (Barmentlo et al., 2019) 

• Time dependence of the effect of almost all pesticides is unknown. The 

LD50 and LC50 values are calculated after an exposure time of at 

maximum 72 hours, depending on the species. Hence chronic effects of the 

active substance on the life cycle /reproduction have been neglected until 

very recently. Published toxicity data in databases do not contain 

information about chronic effects or time dependency of toxic effects. This 

information is available only for a few compounds in the current literature 

(Tennekes & Sanchez-Bayo, 2013). For example, for imidacloprid the toxic 

effect of a 1000 times lower concentration on arthropods can be exactly 

the same after a few more days exposure to this chemical (Tennekes, 

2010). This means that the toxic effect of a very low concentration after a 

longer exposure can be the same as the effect of a high concentration 

after a short exposure 

In addition to the earlier mentioned toxicological parameters, the toxicity 

parameter LR50 can be used as a measure for toxicity for terrestrial arthropods, 

which is the quantity of a substance in g/ha by which half of the exposed 

population dies. Although the LR50 offers at least a connection with one or two 

species of terrestrial arthropods, it does not give any information about sub-

lethal effects nor about the effects of long-term exposure. In addition to the LR50, 

the Environmental Quality Standard (AA-EQS) for aquatic organisms could be 

used as a measure of toxicity to insects that live a part of their life cycle in water. 

In this research, however, no pesticide concentrations were measured in water. 

The AA-EQS is based on the EU Water Framework Directive and on national 

regulations. The AA-EQS is supposed to protect all sections of the aquatic food 

chain. Generally accepted comparable toxicity parameters for insects on plants 

do not exist. 
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In this research the found pesticides were divided into the earlier mentioned 

categories of fungicides, herbicides, and insecticides, of which insecticides are 

the most likely compounds to affect non-target insects. Since the absence of 

trustworthy real-life data about individual active ingredients and cocktail 

toxicity, we choose the option to add up the concentrations of the pesticides 

found, expressed just as µg/kg dry matter. It would have been more correct to 

add them up taking into account their individual contribution to cocktail toxicity 

for relevant insects. Such an approach was however not possible. 

4.11 Statistical analyses 

Statistical analysis was conducted with the two-tailed non-parametric Mann–
Whitney–Wilcoxon U Test for testing whether two groups of observations differ 

statistically significant from each other. 
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CHAPTER 5 

5 Results 
5.1 Characteristics of the 32 sampled locations 

5.1.1 Location in relation to agricultural fields 

The majority of the MF was placed in nature reserves and a few near to nature 

reserves. The sizes of the nature reserves differed from 0.5 ha up to 500 ha or 

more. In some of the larger nature reserves more than one MF had been placed 

by the EVK to study the influence of neighbouring agricultural fields. In eight 

reserves samples were taken at more than one location. The other investigated 

areas with MF are the buffer areas, located near to nature reserves. Formally two 

locations in the Egelsberg reserve are located inside the nature conservation 

area of Egelsberg but planted with agricultural crops (winter wheat sown with 

seeds treated with fungicides). The other buffer zone locations are Brauselay1, 

Brauselay2 and Pommern2, located along the Mosel river. Due to the agricultural 

management (including fungicides and manure applications), and their close 

proximity to protected nature reserves, they were put into the category of buffer 

areas. The reference sites were located at 3-5 km distance from the nearest 

arable fields. In Table 2 the number of locations of the various areas is given and 

their distance to arable farming fields. 
Table 2. Number of locations of different categories of areas and their estimated distance 

to closest arable farming fields 
Type of location Number of selected 

locations for sampling 

Estimated distance to nearest 
arable field (in m)** 

Nature reserves with MF 22 143 

Buffer areas* with MF 5 54 

Reference sites without MF 5 3268 

Total 32  

* including Egelsberg1 and Egelsberg2 

** according to Google Earth Maps of 2018 

The largest distance between two locations was 190 km between nature 

reserve Wissel (in the north of Nordrhein-Westfalen) and the buffer zone 

Brauselay (in the Mosel valley of Rheinland Palatinate). 
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5.1.2 Vegetation 

The vegetation of all sampled locations in nature reserves, buffer areas and 

reference areas has been characterized in Table 3. 
Table 3. The dominant type of vegetation of sampled locations 

Dominating 

vegetation 

Number of 

locations 

Code of location (see Figure 1 for location) 

Bushes, trees 7 Pliesterberg1, Pliesterberg2, Eschweiler1, Eschweiler2, Arnsberger 

Wald, Soller-Vettweiß, Orbroich 

Grass and/or 

herbs 

20 Reichswald Kleve, Rothaargebirge, Egelsberg3, Zons, Tote Rahm1, 

Tote Rahm2, Latum1, Latum2b, Urdenbacher Kaempe, 

Wehenbachtalsperre, Bad Muenstereifel, Brauselay1, Brauselay2, 

Pommern, Wissel up-hill, Naturpark Nassau down-hill, 

Wahnbachtal2, Spey Krefeld, Loosenberge, Bisl ich 

Grass 3 Naturpark Nassau up-hill, Wissel down-hill, Wahnbachtal5 

Agricultural crop 2 Egelsberg1, Egelsberg2 

Total 32  

It was the aim to take samples of a component of the dominating vegetation, 

because in that case the measured values have a clear relation to a specific 

plant species. In pastures without a clear dominating component, the whole 

vegetation was sampled. Information about the type of vegetation sampled in 

the locations can be found in Appendix 7. Freeze-dried and milled plant samples 

were stored for eventual later genetic research of their composition.  

 
Figure 3. Arnsberger Wald (Kreis Soest) forested reference area 

sampled at 21/11/2019 (beech leaves and soil) 
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5.1.3 Soil type 

In Table 4, the dominant soil type is indicated for different locations. If in the 

future, soil properties will become of decisive importance for the interpretation 

of the research results, stored duplicated samples at -18°C can be used to 

determine additional parameters (as mentioned under 4.5). 
Table 4. The dominant type of soil of all sampled (MF, buffer zone and reference) locations  
Soil 
type 

Number of 
locations 

Code of location 

Sand 9 Loosenberge, Pliesterberg1, Pliesterberg2, Egelsberg1, Egelsberg2, 
Egelsberg3, Zons, Wissel up-hill, Wissel down-hill 

Loam 16 Reichswald Kleve, Latumer Bruch Nr1, Soller Vettweiß, Eschweiler1, 
Eschweiler2, Bad Münstereifel, Wahnbachtal5, Brauselay1, Brauselay2, 
Pommern, Naturpark Nassau up-hill, Naturpark Nassau down-hill, 
Orbroich, Arnsberger Wald, Rothaarkamm (Latrop), 
Wehenbachtalsperre 

Swamp 4 Tote Rahm1, Tote Rahm2, Wahnbachtal2, Latumer Bruch2b 

Clay 3 Krefeld Spey, Bislich, Urdenbacher Kämpe 

Total 32  

Most of the locations (16) had loam soil, 9 sand soil, 3 river clay and 4 swampy 

soils with peat. 

 
Figure 4. Transect of Malaise insect traps at Egelsberg (Kreis Krefeld) at 7/11/2019 with in 

front natural vegetation and on the background winter wheat fields located inside nature 

reserve on pure sand soil with gravel 

5.1.4 Sampling dates 

All samples were taken from 5/11/2019 until 4/12/2019. All sampling dates can 

be found in Appendix 5 as last part of the code of each sample.  
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5.1.5 Weather during sampling 

Dry weather dominated during sampling. Even the swamps were relatively dry 

at the moment of sampling. No strong storms occurred in the autumn of 2019. 

Weather data have not been collected in the context of this study, but without 

doubt have influence on sublimation/evaporation and transport of pesticides 

through the atmosphere and runoff into neighbouring areas. 

5.1.6 Other human activities than agriculture in the neighbourhood 

Close to many nature reserves there are often industrial activities and always 

roads within a few kilometres distance. In certain cases, industries also use 

certain chemicals belonging to the category of pesticides for their production 

processes, for instance biocides, fungicides and insecticides used to preserve 

food stuffs in storage facilities, or herbicides in weed control in gardens and 

parks. Also, these can be transported to nature reserves, by the wind or by water. 

In addition, most nature reserves are accessible to walkers and bikers with dogs. 

Dogs are often treated with insecticides, like permethrin, fipronil or imidacloprid 

against ticks and flees. Pesticides were (and are) used in forestry of which 

residues may remain. Today, specific insecticides are still allowed for use in 

forestry, for instance in order to control Ips typographus (a bark beetle) in spruce 

trees. In river flood plains pesticides can be deposited during periods of flooding, 

together with the sediments. Some nature reserves are grazed by sheep or cows 

that may be treated with insecticides against insects.  

5.1.7 General observations during sampling 

In general, we have seen in many nature reserves stinging nettles and 

blackberry, presumably a sign of high nitrogen deposition from the neighbouring 

communities. In addition, it was observed that almost no beard mosses (lichen) 

were present on the trees in the reserves, which are considered as indicators of 

good air quality. In many areas recreating people are allowed access with pets, 

or without pets. The general attitude towards nature seems positive and very 

little waste was met during the visits. Most local people were aware of the 

problems with declining insect populations and are concerned about it. 

5.2 Results of the pesticide analysis 

In this research in total 94 different pesticides (including biocides and 

metabolites) have been found in the three types of areas investigated. Inside 

the 15 nature reserves (within 20 meters from the Malaise insect traps) 53 
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different pesticides were found, 15 in the 5 reference areas and 66 in the 3 buffer 

areas.  

For processing of the analysis data obtained, the found pesticides have been 

subdivided into their functional groups. In the databases most pesticides have 

been subdivided into one (or more) of those groups (this means that a 

substance has been defined as insecticide, fungicide, herbicide, or others). 

However, there are compounds that are difficult to classify. Some compounds 

have multi-acting properties for example the found substance diphenylamine 

is acting as a fungicide, plant growth regulator, and as an insecticide. In this 

report diphenylamine was considered as an insecticide. Because the target 

organisms of acaricides are more or less comparable with those of insecticides, 

the two found acaricides were considered as insecticides. According to the 

databases, the compound anthraquinone is a repellent (against birds). It has 

been reported as a separate category of repellents. The results can be 

summarized as follows, as shown in Table 5. 
Table 5. Total number of pesticides found in the three different types of areas of this study 

(subdivided into fungicides, herbicides and insecticides) in vegetation, soil and animal 

excretions 
Type of 
area 

Number 
of 
sampled 
locations 

Number of 
pesticides* 
found 

Number of 
fungicides* 
found 

Number of 
herbicides* 
found 

Number of 
insecticides* 
found 

Number of 
repellents 
found 

15 nature 
reserves 
with MF 

22 53 23 14 15 1 

5 reference 
areas 

5 15 5 4 5 1 

3 buffer 
areas with 
MF 

5 66 41 9 15 1 

Total 32 94** 49** 17** 28** 1 

* including metabolites of those group* s 

** in the 3 types of areas partly the same compounds were found, therefore the total is less than 

the sum of compounds found in each type of area 

As in Table 5 can be seen, significant numbers of different pesticides were 

found in all types of areas. The highest numbers of different pesticides (in 

particular fungicides) were found in 3 buffer areas, which consisted of a wine 

growing area in the Mosel valley and of Krefeld winter wheat fields inside the 

nature protection area. In all three areas the fungicides were the most frequent 

type of pesticide found and to a lesser extent herbicides and insecticides. In 

Appendix 6 the presence and concentrations of all pesticides in all samples are 

summarized in diagrams. 
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Figure 5. Average subdivision (in %) of 

different types of pesticides found in soil 

and vegetation samples from protected 

nature reserves 

 
Figure 6. Average subdivision (in %) of 

different types of pesticides found in soil 

and vegetation samples from buffer areas 

 
Figure 7. Average subdivision (in %) of 

different categories of pesticides in 

reference areas 

The subdivisions of the found 

pesticides in soil and vegetation 

samples from the nature reserves, 

as given in Table 5, are illustrated in 

Figure 5. 50% of the number of 

pesticides found in soil and a bit 

less in vegetation are fungicides. In 

soil 20% of the number of pesticides 

found are insecticides and in 

vegetation 30%. 

In Figure 6, the average 

subdivision of different types of 

pesticides found in soil and 

vegetation samples from buffer 

areas is indicated. It can be seen 

that in buffer areas, the large 

majority of pesticides (>60%) in soil 

and vegetation were fungicides, 

and insecticides represented 16% of 

the pesticides in the soil and 22% in 

the vegetation. 

In Figure 7, the average 

subdivision of different types of 

pesticides found in soil and 

vegetation samples from reference 

areas is indicated.  It can be seen, 

that although the total numbers of 

pesticides found are much lower in 

reference areas, the percentage of 

insecticides among those 

compounds was in the soil of 

reference areas higher than in the 

soil of nature reserves. 
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Except the total number of different pesticides in the different types of areas, 

the average number of pesticides per sample of vegetation, soil and animal 

excretions is also an important parameter. They are indicated in Table 6. 
Table 6. Average number of pesticides in different matrices in the three types of areas 

included in this research 

  Average number of pesticides per sample* 

Category of area Number of sampled 

locations 

Vegetation Soil Animal excretions 

15 nature reserves 22 7.6a 4.2b 5.0ab 

5 reference areas 5 5.0ab 3.5ab 5.0ab 

3 buffer areas 5 16.0c 23.4abc No samples taken 

* Different letters in upper-case represent significant differences at p < 0.01 probability level  

All 89 samples contained one or more pesticides. The reference areas 

contained 34% lower numbers of pesticides than that were found in the nature 

reserves with MF. The nature reserves contained 52% less different pesticides than 

the buffer areas. 

In case of the soil, the difference between nature reserves and reference areas 

was relatively small (17%), but the difference between these categories and the 

soil of buffer areas was much larger. The buffer zone soils contained respectively 

5.4- and 6.5-times higher number of pesticides than the nature reserve soils and 

the reference areas. In this context it needs to be noticed that the differences 

between the different buffer areas were very also high. The locations of Brauselay 

and Pommern (in the wine Mosel Area) are extremely polluted with old pesticides 

(like DDT, Dieldrin) and more recently introduced pesticides. The contents of DDT 

(including metabolites) and dieldrin in wild plants growing there was relatively 

to the soil low (below 15 µg/kg dry matter), but in the grape leaves significantly 

higher (above 100 µg/kg dry matter, as indicated in Appendix 5). The soil of 

buffer areas contained a significantly higher number of pesticides than the soil 

of nature reserves and reference areas. 

In the vegetation of nature reserves the number of pesticides was higher than 

in the reference areas, but the difference was not significant at p < 0.05 

probability level. The difference with the number of pesticides in the vegetation 

of buffer areas was significant at p < 0.055. 

Except numbers of different pesticides, their concentrations and properties are 

of major importance. The average total concentrations found in all matrices are 

indicated in Table 7. 

 

 

 

 



41 | Results 

 

 

Table 7. Average total concentration of pesticides (in µg/kg dry matter) in vegetation, soil 

and animal excretions in the three types of investigated areas 
  Average total concentration of pesticides per sample 

(µg/kg DM) with standard deviation (sd)* 

Category of 

area 

Number of 

sampled 

locations 

Vegetation sd Soil sd Animal 

excretions 

sd 

15 nature 

reserves  

22 51.13a 35.0 25.43a 28.0 29.46a 27.8 

5 reference 

areas 

5 28.41a 5.2 13.86a 10.2 20.98a 12.7 

3 buffer 

areas 

5 27230.06*b 65189 2132.8b 2771.1 No samples 

taken 

- 

* Different letters in upper-case represent significant differences at p < 0.01 probability level  

In Table 7, it can be seen that the average total concentration of pesticides in 

the vegetation and soil in buffer areas was 532 and 958 times higher than in the 

nature reserves and reference areas, respectively. If Table 7 is compared with 

Table 6, it can be seen that though the buffer areas samples contained many 

times higher quantities of different pesticides, the numbers of different pesticides 

differed only a factor 2-5. The contamination is thus mainly expressed by the 

concentrations and not so much by the number of different pesticides. 

Except the total number of pesticides found and the average number of 

pesticides in each sample, the composition of the pesticide contamination plays 

an important role. The compounds with the highest average concentrations in 

the vegetation are given in Table 8 together with the type of pesticide and their 

legal status. 
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Table 8. Top-10 of pesticides found in vegetation of 15 Nature reserves, their average 

concentration, the percentage of the total amount of pesticides, the category of the 

compound and their legal status in Germany 
Pesticide Average 

concentration 

found (µg/kg 

DM) 

Percentage of total 

pesticides 

concentration found 

in all vegetation 

samples 

Type of 

pesticide 

Permitted in Germany[1] 

in agriculture or in 

industry 

Ametoctradin 1.07 2.1 Fungicide Yes 

Anthraquinone 3.83 7.4 Repellent No approval since 2008 

Chlorpropham 2.79 5.5 Herbicide No approval since 

31.07.2019; Sale allowed 

until 31.01.2020. Use 

allowed until 08.10. 2020 

Diphenyl 13.21[2] 25.8 Fungicide No approval since 2013 

Diphenylamine 4.18 8.2 Insecticide No approval since 2010 

Phenylphenol-

2 

1.69 3.3 Fungicide Not allowed in agriculture, 

but allowed in five 

southern EU member 

states as post-harvest 

treatment of citrus fruit 

(orthophenylphenol) 

Phthalimide 3.42 6.7 Fungicide 

metabolite 

Yes 

Pendimethalin 8.77 17.2 Herbicide Yes 

Permethrin cis 

and trans 

2.52 5.0 Insecticide Yes 

Prosulfocarb 4.16 8.2 Herbicide Yes 

All other 29 

compounds 

5.49 10.6 Fungicides, 

herbicides, 

insecticides 

Some of them 

Total 51.13 100   
[1] According to https://apps2.bvl.bund.de/psm/jsp/index.jsp 
[2] In reality, the average content is higher due to 8 measurements where this substance 

was present but could not be quantified. 

In Table 8, it can be seen that 10 compounds are responsible for 89.4% of the 

pesticide quantity found in the average vegetation sample and that the 

remaining 29 compounds found are responsible for 10.6% of the pesticide 

quantity found. Anthraquinone and diphenyl contribute together 33.2% to the 

pesticide contamination of the vegetation. 

In Table 9 the pesticides with the highest average concentration in the soil of 

the nature reserves are given. In addition, the percentage of the total 

concentration of pesticides found in soil is given, the type of the pesticide and 

its legal status. 
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Table 9. Average concentration of top-10 pesticides found in soil of nature reserves with MF, 

their percentage of the total amount of pesticides, the category of the pesticide and their 

legal status in Germany 
Pesticide Average 

concentration 

found (µg/kg DM) 

Percentage of 

total pesticides 

concentration 

found in soil 

Type of 

pesticide 

Permitted in 

Germany 

Anthraquinone 8.95 35.4 Repellent No approval since 

2008 

Boscalid 0.91 3.5 Fungicide Yes 

Chlorpropham 0.50 2.0 Herbicide No approval since 

31.07.2019. Sale 

allowed until 

31.01.2020; use 

allowed until 

08.10.2020 

Diphenyl 6.62 26.0 Fungicide No approval since 

2013 

Epoxiconazole 1.32 5.1 Fungicide Yes 

Fluxapyroxad 0.84 3.1 Fungicide Yes 

Phthalimide 

(Folpet) 

0.49 2.0 Fungicide 

metabolite 

Folpet is permitted 

Hexachlorobenzene 0.45 1.8 Fungicide No approval since 

1974 

p,p DDT 2.36 9.4 Insecticide No approval since 

1974 

Prochloraz 

desmimidazole-

amino (metabolite 

of prochloraz) 

1.13 4.3 Fungicide 

metabolite 

Prochloraz is 

permitted 

All other 12 

compounds 

1.86 7.4 Fungicides, 

herbicides, 

insecticides 

Some of them 

Total 25.43 100   

In Table 8, it can be seen that the herbicide pendimethalin contributes 17.2% to 

the contamination of the vegetation, but in the soil it has been found only once 

(see original measurements in Appendix 5). The presence and concentration of 

many compounds shows significant differences between soil and vegetation.  

Of the concentrations of all pesticides found in animal excrements in nature 

reserves no average has been calculated, because the samples were taken from 

excrements of different animals. The 7 pesticides found, and the probable animal 

species are indicated in Table 10. 
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Table 10. Pesticides found in animal excrements from nature reserves and reference areas, 

their highest concentration, and the legal status of the pesticide 
Pesticide Animal species Highest concentration 

found (µg/kg DM) 

Permitted in Germany 

Prosulfocarb Rabbit, roe deer, 

cow 

3 Yes 

Anthraquinone Roe deer, cow 4 No approval since 2008 

Chlorpropham Roe deer 1 No approval since 31.07.2019; sale 

allowed until 31.01.2020; use allowed 

until 08.10.2020 

Deltamethrin Cow Could not be 

quantified 

Permitted as veterinary medicine 

Diphenyl Cow, roe deer 10.9 No approval since 2013 

Diphenylamine Roe deer, rabbit 2 No approval since 2010 

Metoxuron Roe deer, cow 63 No approval since 1992 

The data in Table 10 show that a part of the pesticides consumed by the 

animals with their food ends up in their excrements. Those pesticides that are 

most common in the vegetation and soil are also present in the excrements. The 

fact that metoxuron has such a high concentration in roe deer excrements might 

indicate that it has been used in this neighbourhood illegally, since the herbicide 

is forbidden since many years. As a matter of fact, barley fields inside this nature 

reserve (at less than 50 m distance) were sprayed with herbicides very recently. 

However, no samples of that barley were taken. In Appendix 5 all original 

measurements of animal excrements can be found and in the last diagrams of 

Appendix 6 those data have been summarized and visualized. 

The results of the analyses of all individual samples of vegetation, soil, and 

animal excrements of all the 3 different investigated areas can be found in 

Appendix 5. Only those measurements are given where pesticides have been 

really found. All negative measurements, where nothing was found above the 

LOQ, are not indicated. 
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Figure 8. Sampling (at 21/11/19) of relatively clean Reference area 

Rothaarkamm (Kreis Siegen-Wittgenstein in Hochsauerland) where in 

vegetation, soil and animal excrements in total 8 pesticides were found 

(among which 3 from possible non-agricultural origin) 

 
Figure 9. Close to vineyards along the river Mosel (sampled at 20/11/19 in 

Kreis Cochem) the vegetation and soil contain 532 and 958 times more 

pesticides (in particular fungicides and DDT) than in the respective 

reference areas. Blackberry leaves contained on this location 24 different 

pesticides, among which 3 insecticides 
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5.3 The share of compounds from non-agricultural origin 

Most likely a small group of the 94 found pesticides in the vegetation and soil 

samples doesn´t originate from crop protection agents. These compounds are: 

Anthraquinone, diphenyl/biphenyl, diphenylamine, and phenylphenol-2, which in 

the past had approval as pesticide or as biocide. 

Until 2008 anthraquinone was in the EU approved as a bird repellent and used 

as seed coating. Since 2002 the fungicide diphenyl has in the EU no approval as 

a biocide as food preservative. Until 2009 diphenylamine had an approval as 

fungicide, insecticide, and growth regulator. In Germany Phenylphenol-2 is not 

approved as a pesticide, but in five EU Member States (Cyprus, Greece, Spain, 

Croatia, Portugal) the compound is allowed for the post-harvest treatment of 

citrus fruit. 

These compounds can spread into the environment from other sources than 

agriculture, such as traffic, industry, and households. In Table 11 the amounts of 

those non-agricultural compounds are given and the percentage of the total 

concentration of pesticides found. 
Table 11. The share of four pesticides/biocides (anthraquinone, diphenyl/biphenyl, 

diphenylamine, phenylphenol-2) from non-agricultural origin as percentage of the total 

found quantity in soil and vegetation 

Table 11 shows, that in the vegetation samples of the nature reserves and the 

reference areas these four compounds contribute with respectively 44.7% and 

52.9% to the total average mass of the found compounds. In the soil even 61.4% 

and 81.6% respectively.  

In the buffer areas the percentage of the 4 non-agriculture compounds of the 

total mass of found pesticides is very small because the total concentration of 

Category of 

area 

Vegetation: 

average 

total 

pesticide 

content (in 

µg/kg DM) 

Vegetation: 

average 

content of 

non-

agricultural 

compounds 

(in µg/kg 

DM) 

Vegetation: 

percentage 

of 

compounds 

from non-

agricultural 

origin 

Soil: 

average 

total 

pesticide 

content 

(in µg/kg 

DM) 

Soil: 

average 

content of 

non-

agricultural 

compounds 

(in µg/kg 

DM) 

Soil: 

percentage 

of 

compounds 

from non-

agricultural 

origin 

15 nature 

reserves 

51.1 22.9 44.7% 25.4 15.6 61.4% 

5 reference 

areas 

28.4 15.3 52.9% 13.9 12.9 81.6% 

3 buffer 

areas 

27230 17.5 0.06% 2133 36.6 1.7% 
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pesticides is very high. The total concentrations of the compounds from non-

agricultural origin (in µg/kg of soil) is however comparable.  

5.4 Comparison of risks from pesticides from agricultural 

and non-agricultural origin 

In toxicology, the so-called hazard quotient (HQ) – that is the concentration 

of individual compounds divided by the LC50 to individual organisms – is used 

(Campbell et al., 2000) as an indication of risks. In case of this study the LC50 

should be taken for terrestrial invertebrates that feed on the vegetation (plant 

tissue), in the soil or feed on other invertebrates living on/in them. Unfortunately, 

the LC50 is available for very few relevant terrestrial arthropods. It was therefore 

not possible to compare the total toxicity of pesticides from agricultural and non-

agricultural origins. The compounds from non-agricultural origin diphenyl and 

diphenylamine are in aquatic toxicology considered as less toxic for aquatic 

organisms than the other compounds phenylphenol-2 and anthraquinone from 

non-agricultural origin (see Appendix 4). It cannot be not excluded that 

compounds such as anthraquinone or phenyl-phenol-2 may also have a 

negative impact on the terrestrial entomofauna. However, it is expected that 

especially insecticides, from agricultural origin have a higher impact on the 

terrestrial entomofauna. It needs to be kept in mind that the difference in toxicity 

of all 94 pesticides found to organisms are magnitudes larger than the 

differences between their measured concentrations, so concentrations play only 

a limited role. 

5.5 Pesticide contamination and distance to agricultural 

fields  

As has been indicated in chapter 5.3, no statistically significant difference has 

been found between pesticide contamination of nature reserves (at an average 

distance of 143 m from arable farming fields) and reference areas (at an average 

distance of 3268 m), although the average concentrations found in reference 

areas were lower. It can also be concluded that the average concentration of 

chlorpropham and diphenyl in reference areas are more than 80% of those in 

nature reserves. The concentrations of other pesticides in reference areas were 

lower and of anthraquinone and phenylphenol-2 amounted only to 15.67% and 

24.65% of the values in the nature reserves. All these differences were, however, 

not statistically significant with the Mann–Whitney–Wilcoxon U Test (at p < 0.05 

probability level). 
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The EVK had in 2019 several nature reserves with more than one MF insect trap 

in order to get an indication of the influence of nearby arable fields. However, in 

those locations (Wissel and Naturpark Nassau) no significant differences were 

observed in total pesticide contamination of the vegetation (see original data in 

Appendix 5 and Appendix 7 with results and discussions of measurements in 

individual Nature reserves). Only the soil of the two locations in Naturpark Nassau 

showed a large difference. The soil of the higher location (under agricultural 

management) contained 9 pesticides and of the lower location without 

agricultural management only 4. The total concentration of pesticides of the 

lower location was only 7.6 µg/kg compared to 56.8 µg/kg DM of the higher 

location on the edge of the agricultural field. 

In the buffer zones of Brauselay and Egelsberg, several MF were operational in 

2019 and at those sites soil and vegetation were sampled and analysed. Those 

sites that were located inside the agricultural zones showed higher numbers and 

concentrations of pesticides, but because of the low number of sites, the 

difference could not be tested statistically. In Brauselay the blackberry leaves 

down-hill near the wine yard showed a 26 times higher pesticide content than 

the location up-hill (34 m higher at a distance of 50 m). In Egelsberg the 

vegetation of the wheat field had a 10 times higher pesticide content than the 

heather from the Egelsberg reserve. 

5.6 Status of the found pesticides 

In this research in total 94 different pesticides were found in the samples of 

soil, vegetation and animal excrements. Out of the 94 found pesticides were 4 

(anthraquinone, diphenyl/biphenyl, diphenylamine and phenylphenol-2) from 

other than from actual or historical agricultural sources. Among the 94 different 

pesticides were 28 insecticides, acaricides and their metabolites . These 28 

compounds can be subdivided into: 

• 2 acaricides (dicofol and tetradifon). These are no longer admitted for use.  

• 6 metabolites (endosulfan-sulphate, fenamiphos-sulfoxide, o.p-DDE, 

o.pDDD, pp-DDE and p,p-DDD) of insecticides that are not allowed for use. 

• 10 insecticides were at the date of sampling not approved in Germany 

(alpha-HCH, gamma HCH, aldrin, dieldrin, diphenylamine, betaendosulfan, 

heptenophos, p,p-DDT, picadin/icardin, thiofanox). 

• Allowed for use are 10 insecticides. 

Out of the 48 found compounds with fungicide properties were:  

• 2 metabolites (phthalamide, prochloraz-desmimidazole) of admitted 

fungicides. 
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• 11 fungicides were at the date of sampling not approved in Germany 

(diphenyl, diphenylphenol-2, fenarimol, flusilazole, hexachlorobenzene, 

Iprodione, procymidone, pyrifenox, quinoxyfen, tolyfluanid, vinclozolin).  

• 35 fungicides (parent compounds) that are allowed to be used.  

The compound anthraquinone is a bird repellent and in the table separated 

listed. In other summaries in this report the compounds anthraquinone was 

mostly counted as a fungicide. 

Out of the 17 found compounds with herbicide properties were:  

• 1 metabolite (AMPA) of the herbicide glyphosate (that is still on the 

market) 

• 4 herbicides (hexazinone, methabenzthiozuron, metoxuron, norflurazon) 

were at the date of sampling not approved in Germany. 

• 12 herbicides are presently allowed for use. 

• The above-mentioned information has been summarized in Table 12. 
Table 12. Present legal status* (1/12/2019) in Germany of all found 94 pesticides, metabolites 

and isomers that were found in all samples of vegetation, soil, and excrements  
Type Found 

number  

Approved, 

including 

metabolites of 

approved parent 

compounds 

Number of compounds not 

approved as pesticide or 

biocide, including 

metabolites of non-

approved parent compounds 

Total 

number of 

found 

metabolites 

Insecticides, incl. 

metabolites, isomers 

and 2 acaricides 

28 10 18 6 

Fungicides, incl. 

metabolites 

48 37 11 2 

Herbicides, incl. 

metabolites 

17 13 4 1 

Anthraquinone  1  1  

Total 94 60 34 9 

* Source: Bundesamt für Verbraucherschutz und Lebensmittelsicherheit  

In Table 12, roughly 2/3 of all pesticides found are still on the market. From the 

total number of 94 pesticides found there are 9 metabolites. The legal status of 

the found pesticides has been visualized in Figure 10 and in Figure 11. 
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Figure 10. Legal status of the 94 found 

compounds, including parent compounds 

of the metabolites 

 
Figure 11. Legal status of all found pesticides subdivided into insecticides, fungicides, 

herbicides and anthraquinone 

5.7 Relation of pesticide contamination with measured 

biomasses  

In the context of this investigation, no insect traps were actively operated by 

us to determine the insect biomass. Our investigations were carried out at 

measuring points where standardized Malaise insect traps were operated by the 

EVK in the present, or in the past. As it has been said in the introduction of this 

report, in the context of this study the possible causal relationships of insect 

decline with pesticides could not be investigated. In this context it needs to be 

said that ideally spoken for such an investigation, the MF insect catches of the 

same year should be used as the year in which the soil and vegetation samples 

were taken for chemical analysis with the same intervals. This was however not 

possible in this research, because the MF do not stand every year at every 

location and sampling for chemical analysis was conducted only once. In this 

research, the effects of pesticide contamination on the MF insect catches might 

be expressed by: 
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• a small number of compounds that are present everywhere (like diphenyl 

and anthraquinone) 

• a quite unique combination of other pesticides in every individual nature 

reserve. 

In addition, there are other factors influencing the entomofauna, like climate 

change, management measures of the reserves, etc. To unravel the interactions 

of so many chemicals with insect decline is requires most likely a major research 

effort. It would be easier with a large number of relative homogeneous type of 

nature reserves. In case that the substances predominantly responsible for insect 

decline would have been found in all nature reserves a relative uniform insect 

decline could be expected. In case that the unique mixtures (that have been 

found in every single nature reserve) would be responsible for the insect decline, 

increasing variation between the nature reserves in insect biomass could be 

expected. The mixtures present in the vegetation of nature reserves might even 

fluctuate in time, in dependence of various factors. This could make it even more 

complicated to understand the exact impact of pesticides on the entomofauna.  

 
Figure 12. Nature conservation area Bislicher Insel (Kreis Wesel). Here the 

largest pesticide content was measured in soil of all nature conservation areas 

(121.8 µg/kg soil DM). The pesticide content of stinging nettle (Urtica dioica) 

and reed (Phragmites australis) was not higher than at other locations 
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5.8 Genotoxicity, carcinogenicity, LR50 and EQS of found 

pesticides  

In chapter 4.10, different limitations of the Toxic Unit approach were mentioned. 

Even if such an approach would be adopted, there are many strong constraints 

in its use. The properties of individual pesticides play an important role. Many 

pesticide properties can be found in databases. However, 12 serious 

shortcomings of the available information have been identified, among which 

some have been discussed already in chapter 4.10: 

• Databases only contain information about the so called ‘active 
ingredients’. In agricultural practice only commercially, available 

formulations are used that also contain lots of other synthetic compounds 

that should improve the effect of the active ingredient. Databases give 

absolutely no information about the properties of the commercial 

formulations to which those other compounds are added. Even the 

admission tests are carried out with the pure active ingredient only.  

• Databases contain large amounts of parameters of every single pesticide 

that have not been determined in particular of ecotoxicological 

parameters. 

• Databases do not contain any information about possible synergistic 

effects of the simultaneous presence of more than one pesticide. These 

have been determined only for very few combinations of pesticides 

(Jansen et al., 2017; Gilbert et al., 2019). Carcinogenicity and genotoxicity 

can also be due to mixtures of certain compounds, while the single 

components might not have such a property. 

• Databases do never contain any information about the time dependency 

of the effects of compounds and about the (ir)reversibility of the receptor 

binding in test organisms, although this property is of decisive importance 

for the long-term effects of pesticides in the environment (and in our own 

bodies). 

• Although databases contain, as a rule, the names of the main metabolites 

of the active ingredient, the information about the toxic properties of those 

metabolites is close to zero. 

• The information in the databases is mostly obtained from testing by the 

industry (producers). The reliability of this information cannot be 

guaranteed, as in the case of for instance glyphosate, where testing was 

corrupted because of commercial pressure. 

• Toxicity facts are given without ecological context. It has been proven that 

stress factors can increase susceptibility of organisms for certain 
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chemicals thousands of times (Barmentlo et al., 2019). Since ecological 

stress is not used in laboratory situations, this information is not included 

in databases. 

• In the natural food web, all organisms depend on other organisms for their 

food. Even very selective pesticides that do not affect a certain organism 

directly, can still wipe them out, if they affect their preys, or hosts. One 

example about the pesticide effects on skylarks is given by Boatman, 2004.  

• Information given on ecotoxicity covers only a few selected organisms (out 

of the millions that are exposed in nature) and don’t include the recovery 
of test organisms after exposure and seldom information about effects on 

reproduction and development. 

• Safe threshold levels for toxic compounds are often derived by linear 

deduction from experiments with higher concentrations. This is however 

not correct since dose-response relations are in general logarithmic 

(Waddell, 2004). 

• Endocrine disrupting chemicals can affect organisms at very low doses 

• (less than 1 µg/l) which are not predicted by the traditional concepts in 

toxicology such as “the dose makes the poison (Vandenberg et al., 2012).  
• Information about reproduction bioassays of the non-target organisms is 

seldom available. As shown in the research of Gols (2020) exposure of the 

farmland butterfly (Pieris brassicae) to low concentrations (until 1 µg/kg 

fresh plants) of fipronil during larval development already affects the adult 

stage. 

In Appendix 4 a part of the information that is available has been summarized. 

An overview of genotoxicity, carcinogenicity and endocrine disruptive properties 

of the 94 pesticides found in this research are given in Table 13. 
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Table 13. Number of pesticides found in this research having genotoxic, carcinogen and 

endocrine disruptive properties (out of the total 94 pesticides found in this research) 
Property Number of found 

pesticides having 

the given property* 

Source 

of data 

Group(s) of pesticide(s) 

Genotoxic 7 IUPAC Insecticides, fungicides, 

herbicides 

Possibly genotoxic 8 IUPAC Insecticides, fungicides, 

herbicides 

Incomplete or no data of 

genotoxicity 

77 IUPAC Most insecticides, fungicides, 

herbicides 

Proven absence of genotoxicity 0 IUPAC Not applicable 

Carcinogenic 17 IUPAC/

PAN 

Many insecticides, fungicides, 

herbicides 

Possible carcinogenic 15 IUPAC/

PAN 

Many insecticides, fungicides, 

herbicides 

Possible carcinogenic, 

cancerogenic, genotoxic & 

possible genotoxic 

46 IUPAC/

PAN 

Many insecticides, fungicides, 

herbicides 

Endocrine disrupting or 

possible endocrine disrupting 

30 IUPAC/

PAN 

Many insecticides, fungicides, 

some herbicides 
* see Appendix 4 

In Table 13, it can be seen that out of the 94 pesticides that have been found 

in this study genotoxicity of 77 pesticides (82%) could not be determined, 

because of lacking data. Further among the 94 pesticides there were no 

pesticides of which it has been proven that they are not genotoxic. In addition, 

there are 32 pesticides (34%) that are carcinogen or suspected carcinogen, and 

30 pesticides (33%) that are endocrine disrupting, or possible endocrine 

disrupting. In total half of the 94 pesticides found are proven or suspected 

cancerogenic or proven or suspected genotoxic.  

Unfortunately, the properties of genotoxicity, carcinogenicity and endocrine 

disruption are strong indicators for the fact that many of those 94 pesticides 

found are likely to have irreversible receptor binding in the test organisms or to 

have, through other mechanisms, chronic effects on organisms. Those tests are 

often done with test animals (mammals) in order to collect information for 

toxicity to humans, so it needs to be concluded that the risks for other organisms 

might be comparable (!). This means that it is possible that at least half of these 

94 pesticides have irreversible receptor binding and as a consequence 

cumulative time dependent effects on affected organisms. 

The specific properties of pesticides are important indicators for their ecologic 

effects. In Table 14 some relevant toxicological figures of pesticides found in this 

research are given. 
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Table 14. Toxicological relevant data of specific pesticides found in this research 
Specified properties 

and ecotoxicological 

endpoints of 

pesticides with unit 

Value Name of pesticide(s) Source of 

data 

Category of 

pesticide 

Minimal LR50 (g/ha) 

with Typhlodromus 

pyri 

0.0029 Cypermethrin IUPAC  Insecticide 

Maximum LR50 

(g/ha) with 

Typhlodromus pyri 

7130 Fluopicolide IUPAC Fungicide 

AA-EQS (surface 

water) minimum 

value (µg/l) 

3.1 x 10-6 

(which 

is 3.1 

pg/l) 

Deltamethrin Dutch Atlas 

of pesticides 

in surface 

water* 

Insecticide/veterinary 

medicine 

AA-EQS (surface 

water) maximum 

value (µg/l) 

79 AMPA Dutch Atlas 

of pesticides 

in surface 

water* 

Metabolite of 

glyphosate 

Degradation 

(conversion) time 

minimal value (days) 

1.4 Heptenophos IUPAC Insecticide 

Degradation 

(conversion) time, 

maximum value 

(days) 

Up to 

9585 

Fluquinconazole IUPAC Fungicide 

Vapor pressure 

(minimal) 

1.24 x 

10-6 

Deltamethrin IUAPAC Insecticide 

Vapor pressure (mPa) >1  Heptenophos, 

chlorpropham, 

pendimethalin, tri-

allate, 

hexachlorobenzene, 

diphenyl, phenylphenol-

2, HCH, Aldrin, Thiofanox, 

pyrimethanil, metoxuron 

IUPAC Various fungicides, 

herbicides, 

insecticides 

*http://www.bestrijdingsmiddelenatlas.nl  

Table 14 shows that the pesticides found have a wide variety of toxicological 

relevant properties. The acute toxicity for terrestrial non-target arthropods is 

often expressed by the LR50 value, expressing the amount of a compound (in 

g/ha) required to kill 50% of test organisms (arthropods) within 2 or 3 days (see 

4.8 and 4.10). Normally this test is conducted for two reference test organisms 

only: a predatory mite and a parasitic wasp (Braconidae). It is of interest to 

understand whether certain amounts of a compound (under laboratory 

conditions) have the potential to kill beneficial terrestrial organisms. 

http://www.bestrijdingsmiddelenatlas.nl/
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Unfortunately, this value is unknown for many compounds and if it is determined, 

it is determined only after 24 or 48 hours exposure. Time dependency would only 

be visible if effects after longer periods would be investigated. In Table 14 it can 

also be seen that cypermethrin is the compound with the lowest LR50 value which 

means that it is most toxic (of the 94 pesticides found) for the test organism 

used (Typhlodromus pyri) and fluopicolide the least toxic for the specific test 

organisms used. The difference between both compounds amounts to a factor 

2.45 million. The insecticides cyfluthrin and etofenprox that have been found in 

vegetation (of Tote Rahm and Rothaarkamm near Latrop), both have a LR50 of 

0.42 gram per ha and the insecticide imidacloprid 0.022 gram per ha (see 

appendix 4). In Egelsberg1 the insecticide cypermethrin has been found in the 

vegetation (winter wheat) with a LR50 of 0.0029 gram per ha. The concentrations 

of those insecticides in the biomass can be used in order to calculate the 

amounts of insecticides present per ha, if the biomass of the vegetation per ha 

would be known. The biomass of the investigated areas has not been measured. 

If the biomass of the vegetation is supposed to be between 500-5000 kg of dry 

matter per ha, it is likely that the amount of insecticides present is under the LR50 

value for acute lethal effects. However, at the same time chronic effects on the 

entomofauna seem unavoidable. 

In the past, a lot of attention has been paid by authorities to toxic properties 

of pesticides in aquatic environments. For the aquatic ecosystem, the Annual 

Average Environmental Quality Standard (AA-EQS) has been introduced as 

threshold level. To assess the surface water quality mostly the AA-EQS is used. 

The AA-EQS values in the appendix are obtained from 5 sources, as explained in 

Appendix 4. They vary from 3.1 pg/l water (for deltamethrin) to 79 µg/l (for 

AMPA), which is roughly 25 million times more. In spite of the ‘harmless’ value for 
AMPA there are many publications indicating that it has a strong impact on 

various organisms. The concentrations in the environment of this compound are 

after many years of widespread use also accordingly high, up to many mg/kg of 

agricultural soil. 

In Table 14 it can also be seen that the differences between pesticides are 

huge. Deltamethrin is unprecedented toxic for aquatic organisms and 

fluquinconazole is extremely persistent almost not converted into metabolites. 

Deltamethrin has however a low vapor pressure. Many compounds have a vapor 

pressure that is a million times higher than that of deltamethrin.  

In the Appendix 4 also the vapor pressure of all compounds is indicated, which 

influences the evaporation (or sublimation) of pesticides in the field. It is striking 

that 4 out of the 12 compounds with a vapor pressure more than 1 mPa belong to 

the top 10 of compounds found in nature reserves. It is also evident that two 
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compounds are absent in the list of compounds with a high vapor pressure 

(Table 14), namely diphenylamine and anthraquinone. Diphenylamine has a 

vapor pressure of 0.852 mPa, so it can also be easily transported through the 

atmosphere. Anthraquinone has on the contrary a low vapor pressure of 5 x 10-

3 mPa, so it seems that it must have another way of transport than evaporation 

or sublimation. Anthraquinone contributes 35.4% to the total concentration of 

pesticides found in the average soil and 7.4% in the average vegetation of  the 

nature reserves with MF. 

Also, the often-debated DT ‘Degradation Time’ is given. This parameter 
(expressed in days) does not indicate that a compound has disappeared, but 

that the parent compound has turned into metabolites, or conjugates, which are 

as a rule not measured. In the case of some compounds there can be dozens of 

metabolites of one pesticide with various properties. These metabolites can be 

less toxic than the parent pesticide, but also more toxic. Because the degradation 

of a compound depends on many factors like temperature, pH, type of soil, and 

microbial activity, databases contain as a rule very different values for the DT. 

Many compounds, once absorbed by the soil, show hardly any degradation, or 

conversion, even after many years. 

In the context of this study the properties of the most frequent occurring 

pesticides are of special importance. 

• Anthraquinone (repellent) 

• Diphenyl (fungicide) 

• Chlorpropham (herbicide) 

• Diphenylamine (insecticide) 

• Phthalimide (metabolite of folpet fungicide) 

• Pendimethalin (herbicide) 

• Prosulfocarb (herbicide) 

Some properties of those pesticides are given in Table 15. 
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Table 15. Selected relevant properties of specific pesticides found in this research 
Name AA-EQS 

aquatic 

(µg/l) 

Average 

concen-

tration 

found in 

soil 

(µg/kg 

DM) 

Average 

concen-

tration 

found in 

vegetation 

(µg/kg DM) 

Presence 

in 

vegeta-

tion 

samples 

(%) 

LR50 

terrestrial 

arthropods 

Genotoxic Cancero-

genic 

Anthraqui-

none 

0.075 8.95 3.83 67.7 No data Unknown IUPAC: 

possible; 

PAN: Yes 

Diphenyl 1.5 6.62 13.2 100 No data Unknown Not listed 

Chlorpro-

pham 

4 0.5 2.79 83.9 No data Unknown Unknown 

Diphenyla-

mine 

1.2 0.07 4.18 71.0 No data Unknown Unknown 

Phthalimide 16.5 0.49 3.42 61.3 No data Not listed Unknown 

Pendi-

methalin 

0.018 0.05 8.77 74.2 3800 (38% 

dead) 

Unknown PAN: 

Possible 

carcinogen 

Prosulfocarb 0.34 0.09 4.16 80.6 41.8 Unknown No 

Taken into account that the largest part of the entomofauna feeds on plants, 

pesticide threshold levels should be used for the vegetation in order to 

understand ecological effects of pesticide contamination. However, such 

threshold levels for vegetation are not given by the databases used. The only 

alternative would be to compare measured concentrations in (fresh) plants with 

the aquatic AA-EQS. The average concentrations found in the vegetation are 

higher than the AA-EQS for all compounds, except for chlorpropham. For 

anthraquinone the difference is a factor 51 and for pendimethalin even a factor 

487. It needs to be noticed that aquatic EQS are in toxicology never applied on 

terrestrial substrates, like plants. It has been explained earlier that any data 

should be handled carefully, since toxicological data have a high degree of 

uncertainty, because of various reasons (see earlier in this chapter).  

In daily life it is often assumed that only insecticides would be able to affect 

insects and fungicides only fungi. In toxicological reality, this fact is however not 

correct. Pesticides have different modes of actions. Some fungicides are 

designed to block certain enzymes, or metabolic processes that are crucial for 

insects, mammals, and plants as well. The modes of action will be discussed in 

more detail in 5.9. In addition, all organisms living in, or above, the soil are part 

of the food chain. If one section of the food chain is disrupted, the other 

organisms can disappear as well. Due to the enormous complexity of the food 

chain and the astronomic number of interactions of all organisms, the effects of 
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the 94 found pesticides on the food chain in general, and on the insect 

populations in particular, cannot be calculated with any certainty , but only 

assessed on the limited ecotoxicological data available. By using the modes of 

action and the time-dosis-effect relationships of each pesticide separate 

however, the likelihood of effects can be made more evident.  

5.9 Mode of action 

The term ‘mode of action’ is used to describe the mechanism  by which a 

pesticide performs its main function (IUPAC, 2020). In Table 16, the mode of 

action of a number of frequently found pesticides is given. 
Table 16. Mode of action (MOA) of the most frequently found pesticides in vegetation 

samples (data from IUPAC) 
Name Pesticide type Mode of Action Examples of concerned 

organisms 

Anthraquinone Repellent Induces retching in birds and so 

deters attack and is possibly 

carcinogen 

Its possible 

carcinogenicity concerns 

all animals 

Diphenyl Fungicide Inhibits sporulation, lipid 

peroxidation 

Lipid peroxidation is 

crucial for all fungi and 

for animals and humans 

Chlorpropham Herbicide, plant 

growth regulator 

Mitosis inhibitor, absorbed 

predominately by roots 

Mitosis is a type of cell 

division and a crucial 

process to all plants and 

animals 

Diphenylamine Insecticide, 

fungicide, plant 

growth regulator 

An inhibitor of polyene and 

isoprene biosynthesis 

Plants, bacteria, 

cyanobacteria, algae, 

insects 

Phthalimide 

(metabolite of 

folpet) 

Metabolite/ 

Fungicide 

Folpet (the parent compound) 

acts by inhibiting normal cell 

division of many microorganisms. 

Multi-site activity 

Chemical essence of cell 

division in living 

organisms is identical, or 

similar 

Pendimethalin Herbicide Selective, absorbed by roots and 

leaves. Inhibition of mitosis and 

cell division. Microtubule assembly 

inhibition. 

Mitosis is a crucial 

process to all plants and 

animals 

Prosulfocarb Herbicide Selective, absorbed by leaves and 

roots. Lipid synthesis inhibitor. 

Lipids (fats) are an 

essential component of 

all living organisms 

In Table 16 it can be seen that the mode of action of all compounds is not 

exclusively selective for the target group of organisms. It is though logical that 

farmers do not want to kill their crop with a fungicide that also affects the plants. 

The selective properties of commercially available formulations can be based on 

timing, exposure, penetration, and other factors. The table indicates that effects 
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of fungicides and herbicides on the entomofauna can very well be expected. This 

fact is confirmed by the low value of the earlier mentioned LR50 for many 

fungicides and herbicides. For prosulfocarb this value is only 41.8 g/ha. Table 16 

shows only a small part of potential mode of actions of a number of pesticides. 

Like other parameter such as LR50, is the mode of action an indication rather 

than a prediction of effects on insects caused by the exposure of a compound. 

Organisms can be exposed to constant concentrations of chemicals, or to 

fluctuating concentrations, or intermitted and variable concentrations with time. 

In the environment different patterns of exposures and time-fluctuating 

concentrations are frequently found. And in the ecotoxicology, there are strong 

indications that for toxicants the dose-time relations and stress factors play an 

important role for the effects on organisms. 

5.10 Dose-time-effect relations 

Current pesticide admission procedures and standards assume that an 

Acceptable Daily Intake (ADI) exists for each compound. The ADI is an estimate 

of the amount of a compound that a person can take during his/her life on a 

daily basis without any significant adverse effect (WHO, 1987). 

This approach assumes a similar dose-effect relationship for all compounds. 

Unfortunately, this is incorrect, but for the sake of commercial interests, 

fundamental toxicological laws are ignored by the legislators and regulators 

(Samwel-Mantingh, Tennekes & Buijs, 2018). 

The dose- and time-dependent effects of the neonicotinoid insecticides 

imidacloprid and thiacloprid were described in 2009 by Francisco Sánchez-Bayo 

for arthropods (Sanchez-Bayo, 2009).  

This was not only dependent on the dose, but also on the duration of exposure. 

It was also shown that the lower the exposure concentration, the lower the total 

dose needed for the harmful effect (see Table 17). 
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Table 17. Mortality of arthropods due to exposure to neonicotinoid insecticides (Sanchez-

Bayo, 2009) 

Model 
organism 

Test 
compound 

Concentration 
(C) in µg/l 

Time up to 50% 
mortality (T) in days 

C x T product in 
µg/l *days 

Cypridopsis 
vidua 

Imidacloprid 4 5.2 20.8 

16 3.0 48 

64 3.3 211.2 

250 2.3 575 

1000 2.0 2000 

4000 0.9 3600 

Daphnia 
magna 

Imidacloprid 750 69.7 52275 

2220 18.6 41292 

6700 15.0 100500 

20.000 18.4 368000 

60.000 3.0 180000 

Sympetrum 
striolatum 

Thiacloprid 7.2 20.6 148.3 

8.0 17.2 137.6 

12.7 13.0 165.1 

113.3 3.2 362.6 

This phenomenon implies that even exposure of the smallest concentration of 

a compound having this property (such as the neonicotinoid insecticides, 

dieldrin and boscalid that were found in this research) will cause with time 

harmful effects on insects. The dose / time effect relationship of most pesticides 

has not been clarified because the current toxicological research only aims at 

establishing a No-Observed Adverse Effect Level (NOAEL) as the basis for the 

calculation of the Acceptable Daily Intake (ADI) for humans. Dose-time-effect 

relationships are almost always left out of consideration. Unfortunately, this 

means that for compounds that have a time dependent action, the official ADI 

and NOEL don’t provide any safety on the long term for human beings.  
Dose-effect relationships can be classified in the following way (Samwel-

Mantingh et al., 2018): 

A. Compounds with a dose-dependent action and a threshold value that do 

not irreversibly interact with components of the body (called receptors) 

and for which an ADI can be established. There will be no damage under 

the ADI, even under long exposure times. Admission can be justified if the 

other conditions of admission can also be met, such as degradability 

and absence of accumulation in the food chain . 

B. Compounds with a dose- and time-dependent action without threshold, 

which enter into irreversible interactions with components of the body 

leading to accumulating adverse effects. The product of the daily dose d 

and exposure duration (until the occurrence of a harmful effect) t is 
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constant: d.t=constant. This dose-effect relationship is called Haber's rule. 

These compounds show cumulative toxicity and it is completely impossible 

to calculate an ADI for this. Accumulating effects do not necessarily mean 

that the compound itself is accumulating. Compounds are likely to lead to 

chronic disruption of the ecosystem. An example from the 94 pestic ides 

found in our research is permethrin. 

C. Compounds with a dose- and time-dependent action without a threshold 

value, which enter into irreversible interactions with components of the 

body whose harmful effect not only accumulates but is also strengthened 

by time. This dose-action relationship is now known as the 

DruckreyKüpfmüller equation and can be mathematically represented by 

the equation; d. t n = constant, where n> 1. The equation explains the 

harmful effects of very low exposure concentrations (d) of a poison after 

long exposure times (t). Since the factor n is an exponential factor, at long 

exposure times the required dose for effect becomes very small. These 

compounds show cumulative toxicity and it is completely impossible to 

calculate an ADI for this. Compounds are likely to lead to chronic 

disruptions of the ecosystem. Examples among the 94 compounds found in 

this research are imidacloprid and boscalid. 

D. Compounds with an unclarified (or unpublished) dose-effect relationship. 

If these compounds are allowed on the market, we may expect anything. 

With some exceptions, it is the case for almost all 94 compounds found in 

this study. 

Understanding the dose/time effect relationships is essential for establishing 

standards for permissible concentrations of pesticides. Given the fact that 

dose/time effect relationships in the preparation of NOAEL, LC50, LD50 or LR50 

have been completely ignored, there can be no question of any confidence in the 

harmlessness of compounds for insects, which belong to categories B, C and D, 

even in concentrations far below the LR50 for terrestrial insects. In particular 

because of the time dependent expression of pesticide effects, this issue is of 

crucial importance for understanding chronic changes in our ecosystem. A video 

about this complicated subject is available (Tennekes, 2020).  
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CHAPTER 6 

6 Discussion 
6.1 Judgement of hypothesis 

• The first of the two hypotheses of this research is that pesticides can be 

found in vegetation and soil of nature reserves. This hypothesis is 

confirmed with all the measurement results presented in Appendix 5. There 

was not one single nature reserve, reference area, or buffer area where 

pesticides were not found. 

• The second part of our hypothesis is that “pest icides in the environment 

have influence on insect declines inside nature reserves” could not be 
judged for all areas (see 5.7). On basis of the LR50 values of 4 found 

insecticides, the vegetation in four areas was likely to have toxic effects on 

insects. For all other areas the effects could not be judged because of the 

lack of LR50 values for most pesticides found.  

For future research, it might be considered to use instead of concentrations, 

the chronic toxicity of the different pesticides found for better evaluation of their 

impact on biodiversity. In that case a source of reliable toxicity data for insects 

living on vegetation should be identified. The databases that we used do not 

contain such data for the majority of non-target terrestrial insects. More or less 

complete toxicity data are only available for aquatic environments. It can be 

investigated to what extent those aquatic toxicity data are suitable for use of the 

evaluation of toxicity of contaminated plants to insects.  

In total, 94 different pesticides were found in the three types of researched 

areas. In the nature reserves with MF 53 pesticides were found (Table 5). In Figure 

5 it can be seen that 45-50% of the pesticides found in nature reserves with MF 

were fungicides, like diphenyl, phthalimide, phenylphonol-2. Also, the repellent 

anthraquinone has been detected in the majority of vegetation and soil samples 

(Appendix 6). The individual concentrations of pesticides in the vegetation 

amounted to 1.43-51.72 µg/kg dry matter and in the soil to 1-24 µg/kg of soil 

(Appendix 5). Geiger et al. (2010) analysed by statistical analyses the role of 

insecticides, herbicides, and fungicides in biodiversity decline. Out of the 13 

studied components of agricultural intensification, use of pesticides, especially 

insecticides and fungicides, had the most consistent (statistically significant) 

negative effects on the species diversity of plants, carabids and ground-nesting 

farmland birds, and on the potential for biological pest control.  
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If the LR50 value of fungicides is considered, 13 of them have a value of less 

than 100 g/ha and only one herbicide (prosulfocarb) has such a high toxicity to 

LR50 test organisms (see Appendix 4). One of the fungicides fluxapyroxad has 

even a LR50 value of 0.128 g/ha (on the predatory mite Typhlodromus pyri). 

Fluxapyroxad has been found in two nature reserves (see Appendix 6). 

Prosulfocarb has been found in 80% of the vegetation samples in nature reserves 

with MF. 

In the vegetation of nature reserves, 29% of the total number of pesticides 

found were herbicides and in the soil 40.9%. Of the pesticides found in the 

vegetation, 38.7% were insecticides and in the soil 27.3%. If these results are 

compared with the results of Hofmann et al. (2019) of their research of tree bark 

in Germany it is striking that the top ten contains two of the same compounds, 

namely pendimethalin and prosulfocarb, but that they found also DDT, lindane, 

glyphosate, prothioconazole-desthio in more than 50% of the samples. In our 

research the frequencies of those compounds in the vegetation samples were 

much lower and also their concentrations, while the LOQ was comparable. 

Possibly tree bark accumulates pesticides much more than herbal plants. The 

total concentration of all pesticides in tree bark in their research ranged from 6-

1748 µg/kg dry matter and was on average a factor 7 higher (364 µg/kg) than 

what we found in our study (51.6 µg/kg) . In our study more pesticides were 

analysed (664 instead of >500 pesticides in Hofmann et al.). The 8 samples that 

were taken in our research of trees (small branches with leaves) contained a 

49.4% higher content of pesticides than the herbs. It seems that trees absorb 

more pesticides than herbs and that tree bark has special properties in this 

context. 

Concentrations of pesticides in the vegetation may fluctuate from day to day, 

dependent on the field operations that are carried out nearby and the weather 

conditions. In this study it was not possible to monitor during the whole year the 

contamination of the vegetation and soil. It cannot be excluded that pesticides 

concentrations fluctuate during the year. In our research we did also not analyse 

for glyphosate and AMPA in the vegetation, because of financial reasons. An 

evaluation has been made of all locations that were investigated in this research. 

This ‘site evaluation’ is mainly relevant to the responsible managers of the 

individual nature reserves and less to the general public. Therefore, this site 

evaluation has been included as appendix (Appendix 7). 
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6.2 Dose-time-effect relationships 

Among the rather heterogenic buffers areas there is the Mosel valley with wine 

production. The soils contain around twice more different compounds than in the 

nature reserves (Table 6), but the concentrations are a dramatic factor 532 

higher for the vegetation and 958 for the soil. The effect of insect decline should 

be more pronounced in these buffer areas, although in toxicology linear relations 

between dose and effect are rare. For compounds with a dose- and time-

dependent action without threshold and which enter into irreversible interactions, 

the time to the same effect might be just a few days shorter in case of a 

concentration that is 1000 times higher (Tennekes & Sanchez-Bayo, 2011). In their 

publication it is explained what mechanism causes a concentration of 1000 times 

lower gives the same lethal effect on Cypridopsis vidua (seed shrimp) in 5.2 days 

instead of 0.9 day due to permanent exposure to imidacloprid. Liess, Carsten and 

von der Ohe (2005) published data that concentrations up to 10.000 times below 

the LC50 caused a delay in development of the caddisfly L. lunatus after 1-hour 

exposure to fenvalerate insecticide, which is a pyrethroid. This observation 

confirms irreversible receptor binding of this pyrethroid insecticide.  

In Table 13, it can be read that the genotoxicity and the carcinogenicity, as the 

indicative properties for irreversible receptor binding by pesticides, is unknown 

for the majority of the 94 compounds found in this research. Taking into 

consideration that of half of the 94 compounds found in this research are 

cancerogenic/genotoxic, or possible cancerogenic/genotoxic, and of the 

majority of other compounds these properties are unknown, it is likely that many 

of the compounds found everywhere in nature conservation areas might have 

irreversible receptor binding and thus have accumulative properties on the 

ecosystem, which is in line with the observed gradual decline of biodiversity in 

and outside nature conservation areas. The accumulative damage to nature 

should not be confused with accumulation of fat-soluble compounds in wild 

organisms. The accumulation of pesticides took place with DDT, Dieldrin and 

certain other compounds. The ‘advantage’ of that effect was that it was easy to 
measure in organisms by chemical analysis. Now in cases of the accumulating 

damage, by possibly hundreds of pesticides that are on the market, totally 

different approaches are needed to unravel the exact (direct and indirect) 

relationships. 

For several compounds, the concentration may fluctuate from day to day, 

dependent on the field operations that are carried out nearby and the weather 

conditions. As earlier mentioned, in this study it was not possible to monitor 

during the whole year the contamination of the vegetation and soil. It cannot be 
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excluded that certain pesticides appear in much higher concentrations in soil 

and vegetation during the summer, resulting in acute damage (or stress). In 

certain cases, the damage on insect species might be reversible. In that context 

the nature of the receptor binding in combination with the recovery capacity of 

the exposed insect species will be of decisive importance for the authorisation of 

active ingredients. 

6.3 Relation of insect decline with measured pesticides 

in plants and soil 

In the framework of this study, it was not possible to research correlations 

between insect decline and pesticide contamination of soil and vegetation, 

because of methodological reasons and missing data. However, the fact that 

pesticides were found everywhere inside nature reserves and their modes of 

action and various chemical and physical properties of the pesticides found 

make it likely that such a relation exists. The measurements conducted show that 

at present the level of our understanding of the behaviour of pesticides in 

ecosystems is very limited. Which wild plants absorb which pesticides, when, how 

and why? Very little is known about these subjects. The Malaise insect traps are 

known to cover a broad section of the local species diversity with up to more 

than three thousand different insect species per single trap and yearly season 

(Sorg et al., 2019). Some of these insects may have life cycles that may partly 

depend on the quality (including pesticide contamination) of aquatic 

environments, and others on the quality of the soil,  or vegetation. That might be 

a reason for a totally different reaction on pesticide contamination.  

Due to the standardization of the complete sampling design over decades, the 

decline trends of insect biomass of these highly diverse composed samples were 

detectable (Hallmann et al., 2017). Since no historical data were available on the 

pesticide contamination of these insect trapping locations, our measured values 

provide first indications of the potential contribution of pesticides to the proven 

decline of insects inside of nature protected areas in Germany. 

Hallmann et al. (2017) discussed a potential source-sink dynamic as one of 

the potential drivers of the declines and did not comment on direct pollution of 

the protected area areas themselves, as no data were available for this. In their 

statistical analysis, the main driver(s) of the negative development are 

pragmatically declared as "unknown". 

The measured values of our results presented here prove that many of these 

measuring points with Malaise insect traps of the EVK were exposed to 

substantial pesticide loads for 2019 inside the protected areas and adjacent 
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buffer areas. This reinforces the well-founded suspicion of a significant influence 

of conventional land management, including the use of pesticides, as one of the 

key drivers of creeping damage to biodiversity.  

Since only the pesticide load of selected substrates was determined at one 

point in time - no direct correlation is possible with the measured decline results 

in the timeline of the data in Hallmann et al. (2017). Measured values of Malaise 

insect traps are also highly dependent on the habitat. They differ with certain 

variation between naturally insect-rich and insect-poor habitats due to nutrient 

availability, different soils, dryness and characteristics of the vegetation and 

other habitat features (Figure 13). 

 
Figure 13. MF biomass difference and decline between naturally insect-rich and insect-poor 

habitats due to different soils, dryness and characteristics of the vegetation (Hallmann et 

al., 2017: Supplementary Figure B7) 

Supplementary information to Figure B7: Daily biomass of insects over time for two habitat 
clusters. Boxplots depict the distribution of insect biomass pooled over all traps and catches 
in each year at trap locations in nutrient-poor heathland, sandy grassland, and dunes (A), 
and in nutrient-rich grasslands, margins, and wasteland (B). Grey lines depict the fitted 
mean (+95% posterior credible intervals), while the black lines the mean estimated trend. 
Estimated annual decline amounts to 7.5% (6.6±8.4) for habitat cluster 1, as compared to 
5.2% (4.8±5.5) habitat cluster 2. Models fitted independently for each habitat location. Color 
gradient in all panels range from 1989 (blue) to 2016 (orange).  

It needs to be said that the composition of the pesticides found at all locations 

investigated is quite different. That might be another reason that all potential 

effects on the entomofauna might be very different at different locations. Another 
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reason might be the type of soil and habitat of those locations and other local 

factors. Clay and humus are to a certain extent able to bind pesticides strongly.  

The Malaise insect trap data of 11 sites will still become available in the near 

future. Those sites are of great interest, because the soil of two sites has a 

pesticide content higher than 1000 µg/kg and one of almost 7000 µg/kg. It should 

be mentioned that the Bislicher Insel site (Figure 12), where the largest pesticide 

content was measured in soil of all nature conservation areas (121.8 µg/kg soil 

DM), is one of the sites with extremely high biomass losses in a relatively short 

period of time (Hallmann et al., 2017). 

The detection of pesticides in plants as part of this investigation - inside of the 

protected areas - is of particular importance. This is the site-typical vegetation 

of the protected areas, in part within strictly protected habitat types according 

to FFH annex I (http://www.ffh-gebiete.de/natura2000/ffhanhang-i/), which is in 

direct contact with main parts of the entomofauna. Hence the indication that the 

characteristic insect species are subject to the strict protection of FFH annex I 

habitat types. 

Measured plant pesticide loads results in food intake of these pesticides by 

leaf eaters, leaf miners, sap suckers, gall-forming and all other insects that 

interact with these plants. As a consequence, these pesticide loads will affect the 

subsequent invertebrate links in the food chain, the predatory and parasitoid 

species and finally also the vertebrate animals.  

The fact that measured pesticide values in plants are higher than in soil 

substrates are therefore all the more frightening (Table 6, Table 7, Table 8, Table 

9, Table 11). Our data show a relatively large variation of pesticide contents of the 

vegetation. In some cases where more than one plant species per location was 

sampled, the total pesticide contents and the composition were very different 

(for instance Krefeld Spey, see Appendix 5). In other locations (like Naturpark 

Nassau and Soller-Vettweiss) the composition was quite similar.  

Therefore, in order to further elucidate the more accurate relationships 

between insect decline and pesticides, a considerably more intense investigation 

effort is needed. It should consist of experimental (in vivo and in vitro) studies 

and measurements of pesticide contamination in the timeline with simultaneous 

measurements of insect biomasses in different habitats. The measurements in 

this study also provide evidence that it is necessary to conduct measurements 

with an LOQ of less than 10 µg/kg, otherwise many of the important pesticides 

will not be detected. 

In the context of this study, it needs to be said that the total pesticide 

concentration is, as such, not used normally in pesticide research, so we broke 

in this respect this convention. The advantage of using the total content is that 

http://www.ffh-gebiete.de/natura2000/ffhanhang-i/
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it at least in some way it reflects the integrated total contamination of every 

location. To investigate potential correlations between insect-decline and 

pesticide contamination in the future, toxicity factors need to be taken into 

consideration for all pesticides found. As earlier mentioned, the databases used 

did not contain realistic ecotoxicological threshold values for non-target 

arthropod species in wild vegetation or in soil. 

6.4 Role of compounds from non-agricultural origin 

Two compounds found in almost all soil samples and a large fraction of the 

vegetation samples are anthraquinone and diphenyl. They are together 

responsible for 7.5 and 25.8% of the total pesticide load in the vegetation and 

35.2% and 26% in the soil, respectively. Anthraquinone has in the past been used 

as deterrent on seeds against birds. It is not volatile with a vapour pressure of 

0.005 mPa at 20°C. Diphenyl has in the past been used as wax on citrus fruit but 

has been banned for years. It has one of the highest vapour pressures of all the 

pesticides found, namely 1238 mPa (Appendix 4). Literature indicates that both 

compounds are also emitted by combustion engines (Zielinska et al., 2012) at a 

rate of respectively 60 and 6 µg/km. Another source may be the microplastics 

that are today present everywhere. Diphenylamine might have an industrial 

origin. Since 2012 diphenylamine has been banned in the EU as pesticide or 

biocide. The compound is active as fungicide, insecticide, and growth regulator. 

It needs to be determined where it comes from. In 5.4 it has been mentioned that 

the aquatic toxicity of the pesticides from non-agricultural origin is relatively low. 

This needs to be confirmed however for terrestrial organisms. 

6.5 Role of compounds that have not or seldom been 

found 

The type of compounds which were not found is also of high interest. The 

neonicotinoid imidacloprid was found in the vegetation of only one nature 

reserve with MF (Wissel) and the pyrethroids cyfluthrin and permethrin were 

found in the vegetation of six areas in concentrations between 1.7-18.4 µg/kg dry 

matter. In the research of Humann-Guillenot et al. (2019) neonicotinoids were 

found on Swiss organic (and conventional) farms almost everywhere, but in 

concentrations lower than 1 µg/kg. There is little reason to assume that these 

compounds are not present in German nature reserves, so they are a likely 

additional cause for insect decline. If you cannot measure compounds, it does 

not mean that they are not there and act. The research of Humann-Guillenot et 

al. had an extremely low LOQ ranging from 0.9-20 ng/kg of fresh samples. 
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Because of the large number of pesticides in our research, we were not able to 

achieve such an extraordinary low LOQ. Remarkably, in the research of Humann-

Guillemot et al. plant samples from organic farms showed the highest 

percentage of contamination by neonicotinoids with 96% of all samples 

containing at least one neonicotinoid above the LOQ. The researchers concluded 

that a large part of the beneficial invertebrates may be exposed to detrimental 

concentrations of imidacloprid or clothianidin, measured by them. Although their 

research focused on agricultural fields, it is not unlikely that residues in nature 

reserves are comparable with those in the organic fields.  

Since pyrethroids and neonicotinoids are seldom used alone, their presence 

will be correlated to the presence of other pesticides, which were found in our 

research. Insect decline might be caused by all of those pesticides together. 

Those found and those that could not be found, due to technical reasons. Three 

neonicotinoids have recently been banned from the EU. However, their use is 

partially replaced by pyrethroids, which have a different mode of action. They 

are nevertheless nerve poisons and may have the same adverse effect on 

biodiversity. 

6.6 Distance to arable farming fields 

As can be seen in Table 2, the average distance of the reference fields to arable 

farming fields amounted to 3268 m and the number of different pesticides in 

those areas was on average in the vegetation 3.5 compared with 4.2 in the nature 

reserves at an average distance of 143 m from arable fields. The number of 

pesticides in the soil of reference areas was 5 compared to 7.6 in the nature 

reserves with MF (Table 6). 

The concentrations of pesticides in vegetation, soil and animal excrements 

showed a slightly bigger difference. The vegetation of the reference areas 

contained 28.41 µg pesticides/kg dry matter and of the nature reserves 

51.13 µg/kg dry matter. The soil of reference areas showed at 3268 m distance 

from arable fields an average content of 13.86 µg/kg dry matter and in the nature 

reserves with MF 25.43 µg/kg dry matter. The animal excrements in the reference 

areas contained 20.98 µg of pesticides/kg dry matter and of the nature reserves 

with MF 29.46 µg/kg dry matter. 

In the vegetation samples from nature reserves the herbicides pendimethalin, 

prosulfocarb and chlorpropham were found with a frequency of respectively 74%, 

81% and 84%. In the vegetation of the reference areas these three compounds 

were found in 67%, 50% and 83% of the samples. The widespread occurrence of 
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pendimethalin and prosulfocarb in German nature are confirmed by Hofmann et 

al. (2019), who found a presence of 87% and 66% in tree bark.  

In all three matrices the reference areas were cleaner in terms of total 

pesticide content. However, for some individual pesticides this was not the case. 

The concentration of chlorpropham in the vegetation of the reference areas was 

97.9% of the concentration in the nature reserves with MF. The percentage for 

diphenyl was 83.36% and for prosulfocarb, phthalimide and diphenylamine 

around 70%. These percentages amounted for anthraquinone, pendimethalin and 

phenylphenol-2 respectively 15.67%, 39.65% and 24.65%. The differences between 

the nature reserves and the reference areas are not statistically significant 

(Mann–Whitney–Wilcoxon U Test at p < 0.05 probability level) due to the large 

variation in measured values. Although these differences are substantial in 

absolute terms, due to the logarithmic nature of toxicological dose response 

relations it may be expected that the toxicological meaning of these differences 

in the field is small (chapter 5.8) and that the potential impact of pesticides 

through the landscape should be very evenly distributed. This coincides with the 

conclusion of Hallmann (2019) on basis of his insect trap biomass data. Current 

research of the EVK uses around 200 MF throughout Germany. That research will 

most likely provide more detailed information about the spatial component of 

insect decline. 

The relative distance of the locations of the MF insect traps to arable fields is 

especially small because inside the nature conservation areas there are often 

also arable fields, where pesticides are used. Concerning the locations of this 

study, that was the case in the Egelsberg reserve near Krefeld (where fungicide 

treated seeds had been sown), in Eschweiler (treated seeds and herbicide 

application) and possibly in other locations as well. Sample taking took place 

late in the year and at that moment it was already difficult to recognize the 

recent field operations on nearby fields. 

6.7 Effects of found insecticides on the entomofauna 

A central question after determination of the presence of various pesticides in 

the different nature reserves is whether the found concentrations have influence 

on insect populations. If the number of locations is considered where one or more 

insecticides have been found, the following Table 18 is obtained. 
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Table 18. The number of locations where insecticides were found in vegetation and soil  

Matrix Number of nature 
reserves where 
insecticides have 
been found 
(n=22) 

Number of 
reference areas 
where insecticides 
have been found 
(n=5) 

Number of buffer 
zones where 
insecticides have been 
found (n=5) 

Total number of 
locations where 
insecticides have 
been found 

(n=32) 

Vegetation 20 4 5 29 

Soil 7 3 3 13 

From the table it can be concluded, that 

• in the vegetation of almost all locations (90%) insecticides were found,  

• in the soil ‘only’ in 31.8% of the locations insecticides were found. 

The earlier mentioned threshold value LR50 (chapter 5.8) is available only for 

imidacloprid (0.022 gram per ha for Aphidius rhopalosiphi), for cypermethrin 

(0.0029 gram per ha for Typhlodromus pyri) and for cyfluthrin and etofenprox for 

the which this value is both 0.42 gram per ha. For the other 18 insecticides no 

LR50 values are available. On basis of those LR50 values it can be concluded that 

an assumed vegetation biomass of 5000 kg per ha in Tote Rahm, Latrop 

Reference area and Wissel uphill contained respectively 40, 15 and 31.7 milligram 

cyfluthrin, etofenprox and imidacloprid per ha. In case of Wissel uphill this 

amount is 14 times higher than the LR50 for acute damage. In the location EBK1 

the amount of cypermethrin per ha was difficult to calculate, because the wheat 

crop on that site had just emerged. Tote Rahm and Latrop are exposed to 

concentrations of insecticides that are lower than the acute lethal concentration 

LR50.  

Concentrations of cyfluthrin, etofenprox and cypermethrin may be considered 

sub-lethal within two days. However, they are likely to be lethal after a longer 

time interval (see chapters 5.10 & 6.2). Cyfluthrin and etofenprox are both 

pyrethroids that have the same mode of action as permethrin that follows 

Haber’s rule (see chapter 5.10). Based on the LR50 values the found insecticides 
predicts serious negative impacts on insect populations for those four locations. 

In addition, the vegetation of Tote Rahm contained a staggering amount of 44.7 

micrograms of permethrin and 1.7 micrograms of picaridin.  

For the other 29 locations no based interpretations can be made, because the 

LR50 values are not available. The general presence (in 29 out of 32 locations) 

of insecticides with all the other pesticides in the vegetation offers very grave 

living conditions for the entomofauna. Direct, or indirect, all insects live from 

plants. Short term sub-lethal effects (expressed by the LR50, that is often not 

available) are in the case of many insecticides likely to turn into lethal effects 

after longer periods of time. As indicated in chapter 5.10 the effect of a 
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concentration of 1000 times lower than the acute lethal concentration can be 

exactly the same after a week (as shown in Table 17). 

In the research that was conducted in the Dutch province of Gelderland, the 

conclusions are almost identical. In that research (Buijs & Mantingh, 2020) a 

statistically significant negative correlation has been found between the total 

pesticide content and dungbeetle counts in manure from nature conservation 

areas. In addition, the LR50 values of various insecticides made it obvious that 

they affect the entomofauna of different nature conservation areas. In that 

research though, the majority of the LR50 values of the 34 pesticides found were 

also not available. 

6.8 Soil protection 

Since 2000 there is in the EU a Water Framework Directive (WFD) protecting 

European surface and ground water against pollution by chemicals, but there is 

no Soil Framework Directive (SFD). The soil is outlawed and can be contaminated 

with most pesticides without legal or financial consequences. For only very few 

pesticides there are legally binding intervention values. There have been efforts 

to come to a Soil Framework Directive (Commission of the European 

Communities, 2006), but several countries, among which Germany and the 

Netherlands blocked the adoption of a draft SFD. 
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CHAPTER 7 

7 Conclusions 
• In the nature reserves, 53 different pesticides were found (see Table 5 for 

summarized results and Appendix 5 for original measurements).  

• Pesticides are present in all the nature reserves in the soil and in the 

vegetation in concentrations ranging from 1-61 µg/kg dry matter for every 

single compound in vegetation and 1-50 µg/kg dry matter in soils (see 

Appendix 5). 

• The higher number (statistically significant at p<0.05) of pesticides in 

vegetation than in soils may indicate that the vegetation functions as a 

catch mechanism for currently used pesticides from the air and/or 

accumulate pesticides taken up from soil (see Table 7). The presence of 

pesticides in the air in Germany has been firmly confirmed by the 

measurements of Kruse-Plaß (2020). 

• The range of concentrations of the 94 compounds found in the three types 

of investigated areas are in principle enough to have a strong negative 

impact on the entomofauna (see 5.9, 5.10, 6.5 and 6.7). This should 

urgently be confirmed by extensive ecotoxicological research.  

• Only of 4 insecticides (out of 22 found) the threshold value LR50 is known. 

In Wissel uphill acute damage (within 2 days) to the entomofauna is 

evident and in Tote Rahm, Egelsberg1 (EBK1) and in Latrop reference area 

such damage is likely to occur after 2 days because of chronic (time 

dependent) action of pyrethroid’s presence. Of all other 18 insecticides 
found the LR50 and dose-time-effect relationships are unknown. Most of 

these insecticides have been specially developed to kill insects and many 

of them are very persistent.  

• The second part of the hypothesis of this study that pesticides have 

influence on insect decline inside nature reserves” could not yet be proven 

empirically (see 5.7). There are three reasons for this namely: 1) the 

methodology used 2) the complexity of the issue, and 3) lacking relevant 

terrestrial ecotoxicological threshold values.  

• The exposure of nature reserves to pesticides (expressed as total of all 

compounds) is rather evenly distributed across the landscape. The 

distance to agricultural fields seems to play no major role. The average 

contamination of reference areas (at an average distance to arable fields 

of 3268 m) was less than in the areas of Hallmann (2019) at an average 

distance of 143 m, but the difference was not statistically significant (Table 
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6, Table 7). Because of the special nature of dose-time-effect relations of 

pesticides, the effects of different concentrations of pesticides on 

entomofauna in all investigated locations might be very similar (see 6.6). 

• The average concentration of some pesticides (like anthraquinone and 

phenylphenol-2) in reference areas was much (60-75%) lower, but the 

differences were not statistically significant, due to a large variation of 

measured values and a relative low number of locations (see 5.5) 

• There are at least 12 reasons why current theoretical ecotoxicological 

values can be a strong underestimation of real in-vivo toxicity of 

pesticides (see 4.10) 

• Further research is required to unravel causal relationships between insect 

decline and pesticide contamination (see 1 & 5.7). In such research 

attention should be paid to individual pesticides, but also to their mixtures.  

• Taken into consideration the fact that dose-time-effect relations of most 

pesticides is unknown, it is necessary to investigate them urgently. 

• The use of combustion engines may be an important source of two 

compounds, namely anthraquinone and diphenyl (see 6.4). The 

electrification of transport may strongly reduce these emissions together 

with all other compounds from exhaustion gases. 

• Taken into consideration their aquatic toxicity threshold values, the 

toxicological role of the found compounds with an industrial origin might 

be limited, if compared with the pesticides originating from agriculture 

(see 5.4). This has to be confirmed by entomological research. 

• In this research the origin of the pesticides found was not determined. A 

part can originate from agricultural fields inside the nature conservation 

areas, where they are sometimes allowed to be used (see 6.6). Partly they 

can originate from regional, national, and international sources. 

• There are no legally binding threshold values of pesticide contents in soils 

(see 6.7) and wild plants in nature conservation areas, and not for 

agricultural soils. 

• The established widespread contamination of nature reserves with 

pesticides shows that the fate of nature reserves is also closely linked with 

the agricultural policies. Our attitude to nature should be based on the 

precautionary principle. Let science do their task and explore the effect of 

chemical cocktails on the environment intensively. In a matter of a few 

years, it could become fully clear what role the found pesticide mixtures 

play in the insect decline. 
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CHAPTER 8  

8 Advice 
8.1 For research 

• In order to research the correlation between pesticide contents of soil and 

vegetation and the biomass catches, there is a unique possibility now, 

because Germany wide around 200 MF are operational in 2020 and 2021. 

These locations can be used for a countrywide investigation of pesticide 

contamination in all those nature reserves, where in 2021 also the insect 

biomass will be established. 

• In order to prove causal relations between the pesticides found most 

frequently and the population development of insects, it is necessary to do 

field tests and bioassays with those pesticides and certain species of insects. 

Such tests should also be done with the cocktails and not only with the 

individual pesticides. They should be done through at least several 

generations of the chosen species in order to include potential long-term 

effects of irreversible receptor binding. In order to get distinct results, the 

controls must be fully free from pesticides (which is not easy today), 

otherwise no difference may be observed between the controls and the 

treated variants. 

• In order to unravel possible relations between insect development and 

pesticide contents of soil and vegetation, entomologists should analyse the 

relations of the different categories of insects caught in MF with the soil and 

the plants. 

• In order to know more about the contamination of vegetation during the high 

season of insects, additional seasonal investigations on pesticides in nature 

reserves are needed in order to create timelines. These timelines can be 

made for different important wild plant species, not only within the season, 

but also through different years. 

• It should be investigated which role very effective insecticides (that could not 

be measured in this research, because of their low concentrations), like 

neonicotinoids and pyrethroids could play next to the role of the compounds 

found. 

• If it is the case that the vegetation in nature conservation areas accumulates 

pesticides from the air, the urgent question is how this process takes place 

on the physical and molecular levels 
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• In order to get predictions of the behaviour of anthraquinone and diphenyl, 

the degradation and accumulation of those compounds in nature must be 

investigated. 

• The origin and effects of diphenylamine deserve more attention. 

• Are pesticides thinkable which are not genotoxic or cancerogenic and do not 

lead to irreversible receptor binding and accumulative destruction of 

biodiversity? 

• Is it realistic to expect that the ecological balance of organic farms will stay 

intact in spite of ongoing biodiversity decline, and that their farming system 

may not become impossible at longer term, because of this biodiversity 

decline? 

• Are the rules of organic farming tight enough to: a) keep out pesticides from 

those farms in spite of the fact that they are scattered through a huge 

landscape with conventional farms b) keep out pesticides that they acquire 

themselves by using conventional manure, conventional straw, fly repellents, 

disinfecting agents, contaminated irrigation water, etc.? 

• Work on causal relationships between pesticides exposure and insect decline 

must be accelerated in order to get hard facts within a few years.  

• The dose-time-effect relations of all pesticides must be identified within a 

few years. 

8.2 For policy 

• A strong reduction in the use of chemical pesticides seems to be 

unavoidable, taken into consideration the 53 pesticides found inside nature 

reserves. It would be logical to start with the elimination of the compounds 

that were found most frequently in nature reserves from the market, 

including those compounds that cannot be measured with standard 

measuring protocols, like pyrethroids and neonicotinoids. Such compounds 

are lethal to most insects at concentrations below 1 µg/kg fresh material, so 

the effect of those compounds in protected nature reserves is uncontrollable.  

• Directive 2009/128/EC of the European Parliament and of the Council of 21 

October 2009 (article 12) mentions that environmental risk assessments 

should be carried out in order to minimize the use of pesticides in protected 

areas. With the data available from this study, there is solid reason to start 

with those assessments (European Parliament, 2009). 

• Volatile and persistent pesticides whose spreading into the environment is 

unavoidable due to their physical properties, should be banned.  

• Politicians should put pressure on the relevant authorities involved in the 

authorization of pesticides for a stringent and producer-independent 
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toxicology tests which covers also the dose-time-effect relations of the 

compounds and their potential to spread around in the countryside.  

• Politicians should become aware that even 50% organic agriculture might not 

be enough to dilute the pesticides originating from 50% conventional farms.  

• A Soil Protection Directive must be adopted on European scale with legally 

binding threshold values for all separate pesticides and for the whole of the 

pesticide concentrations in soils because soils are now predominantly 

outside the protection of the law (see 6.8) regarding pesticide 

contamination. 

• Society as a whole should become aware that potential financial losses due 

to biodiversity decline are unimaginable high. 

• Soils that have been contaminated strongly in the past (like those met in the 

Mosel valley) need to be depreciated. Lower quality must mean lower price. 

That is the way the economy is supposed to work. Depreciation of 

contaminated soils will be an incentive to keep soils clean and not to 

purchase the latest developed weed killer, fungicide, or insecticide (even 

though they might have been approved by admission authorities). 

8.3 For nature conservation organisations 

• Nature conservation has to adopt a more active approach in the debates 

about pesticides that are found inside nature reserves. After taking the 

results of this research into consideration, a new approach should be 

developed in favour of totally different agricultural and industrial policies.  

• Seek close cooperation with agricultural organizations, based on the principle 

that agriculture, above anything, needs also a healthy ecological balance for 

the production of healthy food. 

• Put pressure on policy-makers in order to convince governments that the 

present contamination of nature reserves is against the letter and the spirit 

of current nature conservation legislation at national, EU and international 

levels. 

• Advocate for the phasing-out of all pesticides that have been found in nature 

reserves. 

• Advocate for totally different admission rules for new pesticides that prevent 

compounds with irreversible receptor binding, high vapor pressure, toxicity at 

concentrations that cannot be measured, and other unacceptable properties 

from being admitted for use. 

• Support actively further pesticide research and investigations of nature 

reserves and sue those that contaminate them, or those that allow them to 

be contaminated. 
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8.4 For agriculture  

• In order to facilitate an objective discussion in society about the role that 

agriculture plays in the contamination of nature conservation areas, collect 

proper data about the pesticide emissions from farms to air, soil, surface 

water and groundwater. 

• Let measurements be done by reliable independent organizations, not 

connected with the suppliers of pesticides. 

• Measurements should be done on crops, manure, soils, drainage water and 

all relevant other matrices that may have influence on the environment.  

• Qualify and quantify not only the advantages of chemical crop protection but 

also their disadvantages for farming (in terms of soil health, yield, 

vulnerability to pests and diseases, occupational health risks, etc), in order to 

create objective balanced information. 

• Raise awareness of the fact that the current level of pesticides found in soil 

and vegetation in nature reserves, in buffer zones and in reference areas 

cannot be called a ‘normal’ situation. 
• Support advocacy for a Soil Framework Directive legislation in order to start 

legal protection of agricultural soils (among others against contamination by 

pesticides) and to create a fair playing field for agricultural producers 

throughout the EU. 
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Appendix 1. Analysis protocol of the laboratory  

A representative sub-sample of each sample (vegetation, soil and animal 

excrements), between 100 and 200 g, was taken before pre-treatment. 

Afterwards the sub-samples were freeze-dried and milled, and with the 

obtained data the moisture content could be determined. All vegetation 

samples were analysed according to a fixed protocol (Appendix 1) for 661 

different pesticides, biocides and metabolites (see Appendix 2) making use 

of the GC + MSMS of Agilent and LC of Agilent combined with the MSMS of 

Sciex. The soil samples were also tested on presence of glyphosate, AMPA 

and glufosinate. In case of the soil, therefore the total number of analysed 

compounds amounted 664 (661+3). After freeze-drying and milling the 

samples 7 ml of water was added. The tubes were then stirred in a 

multivortex at 2000 RPM for one minute. Afterwards the samples were soaked 

for two hours. The freezedried, milled and soaked samples were extracted 

with a mixture of three solvents: Acetone, petroleumether dichloromethane. 

Four salts were used in the extraction: Sodium citrate (15.4%), Sodium 

hydrogen citrate sesquihydrate (7.7%), Magnesium sulphate (61.5%) and 

Sodium chloride (15.4%) [1]. Extraction was executed while being stirred in a 

Collomix at 690 RPM for one minute, stirred in a multivortex at 2000 RPM for 

five minutes and centrifuged at 10.000 RPM for ten minutes. Depending on 

the compound and matrix the Limit Of Quantification (LOQ) ranged from 0.5 

µg/kg fresh sample (in case of manure) to 2.4 µg/kg. Lower concentrations, 

above the limit of detection, were also detected, but with a non-specified 

probability interval of confidence. The 90% confidence interval of all 

measurements above the LOQ was 0.5 x measured value up to 1.5 measured 

value. The list of all pesticides, biocides and metabolites measured analysed 

by GC/MSMS and LC/MSMS can be found in Appendix 2 of this report. Before 

and after analysis all sub-samples were stored at a temperature of -18°C. In 

certain cases, pesticides were only qualitatively measured, since due to 

interference with other compounds in the samples their concentration could 

not be determined. In such cases these pesticides were reported as ‘detected 
qualitatively’.  
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Appendix 2. Analysed compounds  

Analysis 1: Pesticides GC-MSMS (GC-MS-Triplequad WVS-092)  

Pesticide (active compound)  
Pesticide (active ingredient) Pesticide (active ingredient) 

(3- + 4-) Chloroaniline* Bromophos-methyl Q 

1-Naphthylacetamide Bromopropylate Q 

1-Naphtol (degradation Carbaryl) Q* Bromoxynil-octanoate 

1,4-Dimethylnaphthalene Bromuconazole Q 

2,4,6-Trichlorophenol* Bupirimate Q 

2,6-Dichlorobenzamide (degradation 

Dichlobenil) Q* 

Buprofezin Q 

3,4-Dichloroaniline* Butralin 

3,5-Dichloroaniline (degradation Iprodion)* Cadusafos Q 

4,4-Dichlorobenzophenon (degradation 

Dicofol)* 

Captafol (ECD) 

Acibenzolar-S-methyl Captan (ECD) 

Aclonifen Q Carbaryl Q 

Acrinathrin Q Carbofuran Q 

Alachlor Q Carbofuran-phenol Q* 

Aldrin Q Carbophenothion 

Allethrin Q Carbophenothion-methyl** 

Ametryn Q Chinomethionat 

Aminocarb Chlorbufam 

Amitraz Chlordane-cis Q 

Anthraquinone Q Chlordane-trans Q 

Azinphos-ethyl Chlorfenapyr Q (ECD) 

Azoxystrobin Q Chlorfenson Q 

Benalaxyl Q Chlorfenvinphos-cis Q 

Bendiocarb Chlorfenvinphos-trans Q 

Benfluralin Chloridazon 

Benfuracarb as carbofuran Chlorobenzilate (degradation Dicofol) Q 

Bifenazate Chloroneb 

Bifenox Q Chlorothalonil Q 

Bifenthrin Q Chlorpropham Q 

Biphenyl Q Chlorpyrifos Q 

Bitertanol Q Chlorpyrifos-methyl Q 

Bromacil (ECD) Chlorthal-dimethyl Q 

Bromocyclen Chlorthiamid (ECD) 

Bromophos-ethyl Q Chlozolinate Q 

Clodinafop-propargyl Dioxabenzofos 

Clomazone Q Diphenamide 

Cloquintocet-mexyl Diphenyl Q 

Coumafos Diphenylamine Q 

Cyanazine Disulfoton Q 
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Samples were taken from heather and soil  
 

Results  

As the table shows, the total concentration and the number of found 

pesticides was in the heather sample rather high and in the soil sample low.  

In the heather the fungicide diphenyl showed with 51.7 µg/kg DM the 

highest concentration, followed by the herbicides prosulfocarb and 

pendimethalin with respectively 21.0 µg/kg DM and 18.6 µg/kg DM. The 

concentration of the found compound diphenylamine, with insecticide 

properties, was 10.3 µg/kg DM. In the soil sample only the compound 

anthraquinone was found.  

Loosenberge, NRW  
Heather  Soil  

µg/kg DM  µg/kg DM  

Total pesticides µg/kg DM  134.06  13.0  

Insecticides µg/kg DM  10.34  0  

Fungicides µg/kg DM  63.18  0  

Herbicides µg/kg DM  45.23  0  

Repellent µg/kg DM  15.38  13  

Number of different pesticides  8  1  
 

Overall contamination  

The types of pesticides found in the heather from this nature reserve 

indicate clearly a supply of compounds from agriculture. More than half of 

the found pesticides are used either as fungicide or as herbicide. From the 

analysed vegetation samples from other nature reserves, this heather 

sample was the most contaminated with pesticides. The soil sample was 

however approximately 50% less contaminated than the average soils from 

other nature reserves. An indication of this observation could be the fact that 

the upper soil layer of the sampled location had been removed. In addition, 

it is a very sandy humus-poor soil, with a low capacity to bind pesticides. 

The overall conclusion is, that the location Pliesterberg is probably too much 

affected by a mixture of pesticides for the effective conservation of insect 

diversity.  

Urdenbacher Kämpe, NRW  

Coordinates: W51.13979 L 6.87993  

Code of location: UK-13/11/19  

The nature reserve Urdenbacher Kämpe is located in the south of 

Düsseldorf. The area is an old Lower Rhine cultural landscape. The sampled 

location consisted partly of a mown meadow with pollard willows and partly 
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Phengaris nausithous, a target species of nature conservation in the context 

of reintroduction programs.  

Zons, NRW  

Coordinates: W51.14193 L 6.84330  

Code of location: ZO-13/11/19  

The sampled location is situated in the north of the city Zons on the west 

bank of the river Lower Rhine, district Neuss. The location, a herb-rich 

meadow, is not accessible to people or dogs. The dominant vegetation was 

grass with Small burnet (Sanguisorba minor), Primula, Yarrows (Achillea 

millefolium), and the soil was sandy with humus. Agricultural fields are at 

290 m distance from the sampled location.  

Samples were taken from the Small burnet and soil.  
 

Results  

The total concentration (60.1 µg/kg DM) and the number of different 

compounds (7) found in the Small burnet sample is almost equal to the 

average concentration of vegetation in other nature reserves. The fungicide 

diphenyl showed with 34.8 µg/kg DM the highest concentration, followed by 

pendimethalin with 5.4 µg/kg DM. Out of the 7 found compounds 5 

(chlorpropham, phenylphenol-2, phthalimide, pendimethalin and 

prosulfocarb) originate from the use in agriculture. The compound with 

official insecticide status had a concentration of 5 µg/kg DM. As the table 

shows, the total concentration of the pesticides found in soil is rather low. 

The found compounds diphenyl and anthraquinone were almost ubiquitous 

in other investigated nature reserves.  

Zons, NRW  Small Burnet  Soil  

 µg/kg DM  µg/kg DM  

Total pesticides µg/kg DM  60.14  8.70  

Insecticides µg/kg DM  5  0  

Fungicides µg/kg DM  42.78  3.70  

Herbicides µg/kg DM  12.36  0  

Repellent µg/kg DM  0  5  

Number of different pesticides  7  2  
 

Overall contamination  

The nature reserve Zons is affected by pesticides used in the agricultural. 

However, the found concentrations of the individual pesticides are not high 

compared to other locations, but the effects of the mixture of the 7 identified 



182 | Appendix 7 

 

 

compounds on the insect fauna is up to now unknown. The same can be said 

of the compounds found in soil, diphenyl and anthraquinone.  

Soller-Vettweiß, NRW  

Coordinates: W 50.72563 L 6.62577  

Code of location: SV-13/11/19  

The nature reserve Soller-Vetweiß belongs to the district Euskirchen. The 

location was surrounded by agricultural fields, where corn, cereals, canola 

(rape) and sugar beets are cultivated. In the nature reserve were fields with 

feed for wild animals (and high seats), bushes and trees. The dominant 

vegetation was grass, blackberries (Rubus fruticosus), stinging nettle (Urtica 

Dioica) and rainfarn (Tanacetum vulgare). The soil consists of sandy loam.  

Agricultural fields are at 100 m distance from the sampled location in all 

directions. The area is accessible to people and dogs.  

Samples were taken from Stinging nettle, mixed grass and soil.  
 

Results  

As the table shows, the total concentration and the number of found 

pesticides was in the two vegetation samples rather high and in the soil 

sample low. In the vegetation samples the concentrations were double of 

the average concentrations found the other nature reserves. The herbicide 

pendimethalin showed in both vegetation samples the highest 

concentration; in stinging nettle 53.5 µg/kg DM and in grass 61.0 µg/kg DM, 

followed by diphenyl with respectively 27.6 µg/kg DM and 15.8 µg/kg DM. Out 

of the 6 found compounds in the stinging nettle originated 4 pesticides from 

agricultural use and out of the 10 found compounds in grass 7 pesticides 

(chlorpropham, chlortoluron, diflufenican, epoxyconazole, flufenacet, 

pendimethalin, and prosulfocarb).  

In contrast with the vegetation, the (sandy-loam) soil seems to have 

accumulated less pesticides than the vegetation. The three identified 

compounds anthraquinone, diphenyl, and DDT had rather low 

concentrations. DDT was found in five other nature reserves with MF just 

above the LOQ.  
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Soller –Vettweiß, NRW  
Stinging nettle  Grass  Soil  

µg/kg DM  µg/kg DM  µg/kg DM  

Total pesticides µg/kg DM  101.85  102.73  12.41  

Insecticides µg/kg DM  6.90  2.00  1  

Fungicides µg/kg DM  27.81  16.40  7.41  

Herbicides µg/kg DM  61.14  81.33  0  

Repellent µg/kg DM  3.0  3.0  4.0  

Number of different pesticides  6  10  3  
 

Overall contamination  

This nature reserve is clearly affected by the surrounding agricultural 

fields. The found number of pesticides and the concentration of 

pendimethalin is in comparison with other investigated nature areas high. 

The soil contains relatively few pesticides. It is likely that this soil (sandy 

loam) cannot bind pesticides and they may move to the groundwater 

instead. The overall conclusion is, that the location Soller Vettweiß is 

probably too much affected by a mixture of pesticides for the effective 

conservation of insect diversity.  

Eschweiler1, NRW  

Coordinates: W50.57668 L 6.73039  

Code of location: EW1-14/11/19  

This sampled location belongs to the nature reserve Eschweiler Tal, in the 

area of the city Bad Münstereifel, district Euskirchen. It is an area with forests, 

meadows and agricultural fields.  

In the sampled location the dominant vegetation was grass, Small burnet 

(Sanguisorba minor), clover (Trifolium), hazelnut (Corylus avellana), beech 

(Fagus sylvatica), hawthorn (Crataegus laevigata). In between of Echweiler1 

and the following Eschweiler2 is an agricultural field, the distance between 

the two locations is 57 m. The area is accessible to people, dogs and horses.  

The soil is very gritty. A cereal field was at 10 m distance from the sampled 

location.  

Samples were taken from the hazel tree (leaves and twigs), the soil and 

deer droppings. 
 

Results  

The total concentration (49.35 µg/kg DM) of the found pesticides in the 

sample of the hazel was similar to the average concentration from other 

investigated nature reserves. The total concentration (35.44 µg/kg DM)of 

the soil sample exceeded slightly the average concentration from other 
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Eschweiler2, NRW  

Coordinates: W50.57625 L6.73079  

Code of location: EW2-14/11/19  

Eschweiler2 was located approximately 16 m from the agricultural field 

and 57 m southeast from Eschweiler1  

The dominant vegetation was grass eaten short by wild animals, hazel 

(Corylus avellana), hawthorn (Crataegus laevigata) and beech (Fagus 
sylvatica). The adjacent field was sown with coated (pesticide dressed) 

winter barley. Further due to the tire tracks and the yellow discoloured 

vegetation, it looked like field was treated with pesticides. The nature reserve 

was accessible to people, dogs and horses. Soil was loam with gravel. The 

cereal field was at 20 m distance from the sampled location.  

Samples were taken from hazel and soil  
 

Results  

As the table shows, in the vegetation and soil were respectively 5 and 3 

different compounds found with a moderate total concentration. In the hazel 

3 herbicides diflufenican, pendimethalin and prosulfocarb, and the two 

compounds diphenyl and the metabolite of the fungicide folpet were found. 

In the soil only fungicides were found, of which epoxiconazole showed the 

highest concentration (9 µg/kg DM). The fungicide prochloraz was present, 

but could not be quantified. So, the total concentration of the fungicides in 

soil is underestimated.  

Eschweiler2, NRW  
Hazel, leaves and twigs  Soil  

µg/kg DM  µg/kg DM  

Total pesticides µg/kg DM  26.34  16.56  

Insecticides µg/kg DM  0  0  

Fungicides µg/kg DM  7.94  14.56  

Herbicides µg/kg DM  18.40  0  

Repellent µg/kg DM  0  2  

Number of different pesticides  5  4  

 In the next table the composition of the samples of the samples from 

Eschweiler1 (EW-1) and Eschweiler2 (EW-2) is compared.  
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Wahnbachtal 2, NRW  

Coordinates: W50.84714 L 7.31862  

Code of location: WBT2-14/11/19  

Wahnbachtal 3, NRW  

Coordinates: W50.87403 L 7.34734  

Code of location: WBT5-14/11/19  

The EVK had in the year 6 insect traps installed the nature reserve 

Wahnbachtal. For this investigation we sampled the location number 2 and 

because number 5 was not accessible the sample was taken 200 up to 240 

m distance from the insect trap nr. 5. The site of Wahnbachtal belongs to the 

district Rhein-Sieg. The sampled location 2 was 900 m west of the city 

Neunkirchen. Between location 2 and 5 is the distance 3.5 km. Location 5 is 

northeast of location 2. The sampled location of Wahnbachtal 2 (WBT2) was 

rather swampy and so the dominant vegetation was grass, bog plants and 

dandelions.  

The location Wahnbachtal 5 (WBT5) had a loamy soil with grass and 

dandelions. The area is sand witched between a busy traffic road and an 

uphill slope; no agricultural fields were visible. An arable field was at 310 m 

distance from the location WBT2 and at 130 m from location WBT5.  

From both locations samples were taken from grass and soil. The grass 

sample of location number 5 contained a few dandelions.  
 

Results  

As the table shows, in all samples the fungicide diphenyl and phthalimide, 

a metabolite of the fungicide folpet, were found. In all samples the numbers 

and the concentrations of the found compounds were lower than the 

averages from other investigated nature reserves.  

Not all compounds were quantifiable but were present. So, the 

concentrations of those compounds are unknown and they are listed in the 

table as “detected”.  
 

Overall contamination  

About the compounds phthalimide, phenyphenol, chlorpropham can be 

said, that they originate from agricultural activities. Chlorpropham is an 

anti-sprouting agent, used for the storage of potatoes and used as herbicide 

as well. The compounds diphenyl, diphenylamine, anthraquinone may stem 

from industry and/or traffic. Once these compounds were used as pesticides 

and/or biocides. Diphenylamine has insecticide properties. The overall 

impact of the mixtures of the found compounds on insects is unknown.  
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WBT2  WBT5  

Grass  Soil  

Grass, 

dendelions  Soil  

Compound  µg/kg DM  µg/kg DM  µg/kg DM  µg/kg DM  

Diphenyl  detected  4.1  detected  10.2  

Phthalimide (Met. Folpet)  12.7  1  14.3  detected  

Phenylphenol-2  4.2    2.1    

Diphenylamine  10.3      detected  

Chlorpropham  7.3    3.6    

Anthraquinone  2.6  3    2  

          

Total pesticides µg/kg DM  37.1  8.1  20  12.2  

Insecticides µg/kg DM  10.3  0  0  detected  

Fungicides µg/kg DM  16.9  5.1  16.37  10.20  

Herbicides µg/kg DM  7.27  0  3.64  0  

Repellent µg/kg DM  2.6  3  0  2  

Number of different pesticides  6  3  4  4  

Naturpark Nassau, Koppelstein – Helmestal, Rheinland-Pfalz  

In this nature reserve two locations of the 4 in transect insect traps (MF) 

were sampled: one uphill and one downhill.  

Coordinates: W50.29305 L 7.63071  

Code of location: NN-20/11/19- hoch (uphill)  

Coordinates: W50.29263 L 7.63149  

Code of location: NN-20/11/19 – niedrig (downhill)  

Within the Naturpark Nassau of the district Rheinland Pfalz there are 

several nature reserves. One of them the Koppelstein-Helmestal was 

sampled. The area is located approximately one km from the river Rhine. The 

distance between the two sampled locations is 80 m. The soil of both 

locations is loamy. The vegetation of the up-hill location is dominated by 

sown production grass and clover with some rainfarn (Tanacetum vulgare). 

The vegetation downhill is rich: Mainly grass with small burnet (Sanguisorba 

minor), oregano vulgare, milk thistle (Silybum marianum), rainfarn 

(Tanacetum vulgare) and gallium. An arable field was directly bordering the 

uphill location and at a distance of 80 m from the downhill location. The 

nature reserve is accessible to people, dogs and horses.  

Samples were taken from grass (down- and uphill), small burnet (uphill), 

from soil and droppings from roe deer (down-hill).  

 







191 | Appendix 7 

 

 

In the table below such a comparison has also been made of the soil 

analyses of the locations NNup-hill and NN-down-hill.  

Naturpark Nassau, Koppelstein-Helmestal, RP  

Compound  

Soil  Soil  

NN-uphill  NN-

downhill  

µg/kg DM  µg/kg DM  

Boscalid  20.0    

Epoxiconazole  12.1    

Fluxapyroxad  15.3    

Diphenyl  3.8  3.8  

Anthraquinon  2.0  1.0  

P,P'-DDE  1.0    

P,P'-DDT  0.6    

Diflufenican  1.0    

Dichlobenil    1.8  

Fluquinconazole  1.0    

Prothioconazole-Desthio    1.0  

      

Total pesticides µg/kg DM  56.8  7.6  

Insecticides µg/kg DM  1.65  0  

Fungicides µg/kg DM  52.17  4.77  

Herbicides µg/kg DM  1  1.79  

Repellent µg/kg DM  2.0  1.0  

Number of different pesticides  9  4  

 The identical values for diphenyl indicate that this compound is airborne. 

The same is likely for the other compounds that were not found in the soil of 

the uphill location.  

Orbroich, NRW  

Coordinates: W51.39709 L 6.50641 Code of location: OB-22/11/19  

The nature reserve Orbroich belongs to the district Krefeld. The sampled 

location was a pasture with sawn and mown grass. Several herbs were 

growing: ground-ivy (Glechoma hederacea), common Dandelion 

(Taraxacum officinale), sorrel (Rumex acetosa), Wisley Blue (Symphytum 

officinale), gypsywort (Lycopus europaeus), Mentha, yellowcress 

(Nasturtium officinale), stinging nettle (Urtica Dioica) and blackberry 

(Rubus). The soil was loam and an agricultural field was at 20 m distance 

from the sampled location.  

Samples were taken from soil and stinging nettle.  
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Results  

As the table shows the total number and concentrations of pesticides 

found in the two samples were modest and below the averages of the other 

investigated nature reserves.  

In the stinging nettle the highest concentration was found of the fungicide 

diphenyl (12.2 µg/kg DM). In the soil only the compound anthraquinone was 

detected.  

Orbroich, NRW  
Stinging nettle  Soil  

µg/kg DM  µg/kg DM  

Total pesticides µg/kg DM  19.24  3.77  

Insecticides µg/kg DM  2  0  

Fungicides µg/kg DM  12.20  3.77  

Herbicides µg/kg DM  5.04  0  

Repellent µg/kg DM  0  0  

Number of different pesticides  4  1  
 

Overall contamination  

The vegetation was slightly contaminated by two herbicides 

(pendimethalin and chlorpropham) originating from agriculture. The other 

found compounds such as diphenyl, anthraquinone, diphenylamine are in 

the EU and in Germany banned as pesticides and biocides and are likely to 

be released into the environment by the industry and/or traffic.   

The effects of the mix of those compounds on the insect fauna is not 

investigated and thus unknown. In 2014 an insect MF biomass catch was 

registered of 377 g. Before the year 2000 this would have been at least 1000 g.  

Wissels, NRW  

In the nature reserve Wissel in three locations insect traps had been 

installed by the EVK. For this research 2 locations were sampled.  

Wissels-hoch (up-hill)  

Coordinates: W51.76924 L 6.30493  

Code of location: WI-22/11/19-hoch (up-hill)  

Samples were taken from soil, sorrel (Rumex acetosella) and rabbit 

droppings  

Wissels -unten (down-hill)  

Coordinates: W51.76932 L 6.30564  

Code of location: WI-22/11/19-unten (down-hill)  

Samples were taken from soil and grass  

The sampled location Wissels up-hill includes a last remnant of river 

dunes from the Rhine, so the area had a poor sandy soil with mainly moss 
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RESULTS AND DISCUSSION OF MEASUREMENTS IN REFERENCE AREAS  

Reference Bad Münstereifel, NRW  

Code of location: RBME-14/11/19  

Coordinates: W 50.56176 L 6.82089  

The sampled location is 4 km east of the town Bad Münstereifel, district 

Euskirchen. The distance to the nearest arable field was 2900 m. The size of 

the area was approximately 1500 ha and used for hunting. The sampled 

location was a small open meadow in the middle of the forest with sown 

grass, and a loamy soil with some gravel. The meadow was used as feeding 

place for wild animals like red deer and wild boar. There were many 

droppings in the meadow. The animals were fed with organic hay and 

conventional grown cereals. The dominant vegetation was grass, moss, 

clover and dandelion.  

Samples are taken from soil, red deer droppings and grass with some 

herbs (approx. 1%) An extra sample of the red deer droppings was reserved 

for counting dung beetles.  
 

Results  

As the table shows, in the vegetation 6 different compounds were found 

with a total concentration of 30.0 µg/kg DM. Because the fungicide diphenyl 

was not quantifiable, the total concentration was underestimated. Half of the 

compounds were herbicides and the other half fungicides. The found 

herbicides chlorpropham, pendimethalin and prosulfocarb, and the 

fungicide diphenyl were found in the vegetation of many other protected 

nature reserves and are present almost everywhere. The soil sample was 

rather clean. Only two compounds (diphenyl and anthraquinone) in relative 

low concentrations were found. In the droppings of the red deer 6 

compounds with a total concentration of 35 µg/kg DM were found. Diphenyl 

showed the highest concentration of 25 µg/kg DM. The pesticides diphenyl, 

chlorpropham, phenylphenol-2, prosulfocarb and the metabolite 

phthalimide found in the vegetation, were also present in the droppings. In 

the droppings 8 beetles (Aphodius sphacelatus) per kg were counted.  
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Reference area Bad 

Münstereifel, NRW  
Grass and herbs  Soil  

Red deer 

droppings  

µg/kg DM  µg/kg DM  µg/kg DM  

Total pesticides µg/kg DM  30.02  6.08  35  

Insecticides µg/kg DM  0  0  0  

Fungicides µg/kg DM  14.78  4.08  28  

Herbicides µg/kg DM  15.24  0  1  

Repellent µg/kg DM  0  2  3  

Number of different pesticides  6  2  6  
 

Overall contamination  

The vegetation was mainly contaminated with pesticides used in arable 

farming. Many of those pesticides evaporate easily and are spread into the 

environment. So, the sources of those pesticides were not traceable. The 

detected compounds anthraquinone and diphenyl stem probably from 

industry and traffic. The conclusion is that even though arable farming fields 

are almost 3 km away, this reserve is not protected against the influx of 

pesticides. But, the overall contamination is lower than in the average found 

contamination in the other Nature Reserves of this study. However, the dose 

effect relations of many compounds are logarithmic, and the fact that the 

concentrations of pesticides in this reference area are a bit lower, might not 

have much meaning for insect populations. The dropping sample of the red 

deer shows that animals take in via the vegetation and excrete pesticide 

residues. The effects of such pesticides mixtures on the health of the animals 

and the biodiversity have so far not exactly been determined.  

Reference Rothaarkamm (Latrop), NRW  

Code of location: LT 21/11/19  

Coordinates: W 51.09962 L 8.37191  

The reference area Rothaarkamm (und Wiesenthaler) belongs to the 

district Siegen-Wittgenstein and has the size of 1100 ha. The small city Bad 

Berleburg was 4.5 km south of the sampled location. The sampled location 

was in a production forestry, 50 m away from an unpaved forest road and 

at 3350 m distance from agricultural fields. The dominant trees were spruce 

and some larch. The vegetation was grass, foxglove (Digitalis purpurea) and 

plants of the family geraniaceae. The soil is loamy.  

Samples were taken from the soil, grass, and a mix of boar and deer 

droppings.  

An extra sample of the droppings was reserved for counting dung beetles.  
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Results  

The number of different found compounds in the three samples varied 

from 3 up to 7 and the total concentrations from 11.66 µg/kg DM up to 31.61 

µg/kg DM. The most remarkable of the found compounds were the presence 

of 2 different insecticides in the grass and in the animal droppings. In grass 

the insecticides diphenylamine and the for insects extremely toxic 

etofenprox were detected, and in the droppings the insecticide 

diphenylamine and the for insects very toxic indoxacarb. The compound 

diphenylamine act besides as insecticide also as fungicide, herbicide and 

growth regulator. In all samples the compound anthraquinone, the fungicide 

diphenyl and the herbicide chlorpropham were found. In the droppings 17 

beetles (Aphodius larve, and Aphodius sphacelatus) per kg were counted.  

Reference area Rothaarkamm 

(Latrop), NRW  

Grass  Soil  Red deer /boar droppings  

µg/kg DM  µg/kg DM  µg/kg DM  

Total pesticides µg/kg DM  31.61  11.66  17.86  

Insecticides µg/kg DM  4.55  0  3.77  

Fungicides µg/kg DM  17.14  5.7  11.09  

Herbicides µg/kg DM  6.92  1  3  

Repellent µg/kg DM  3  5  2  

Number of different pesticides  6  3  7  
 

Overall contamination  

The overall contamination is lower than the average found contamination 

in the other selected nature Reserves with MF of this study. But also this 

reference area is not protected against the contamination with pesticides. 

The concentrations found are not high. Nevertheless, effects on the insect 

fauna are certainly not to be excluded. In particular the presence of various 

insecticides is worrying, which may be a result of insect control in forestry.  

Similar as the frequently found compounds diphenyl and anthraquinone, 

diphenylamine is not currently used in agriculture. So, the source of these 

compounds may be the industry and/or traffic. The source of the other found 

pesticides such as pendimethalin, prosulfocarb and chlorpropham, is 

doubtlessly agriculture.  

Reference Arnsberger Wald, NRW  

Code of location: AB 21/11/19  

Coordinates: W 51.27705 L 8.12504  

The Arnsberger Wald is a nature park and belongs to the district Soest. At 

the sampled location mainly spruce and some beech are growing. Forestry 
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was carried out. The town Warstein is 13 km east of the sampled location and 

the town Arnsbach 7 km southwest. The sampled location was at a distance 

of 4770 m of arable fields. On the humus, rich soil little vegetation was 

growing:  

Some grass, foxglove (Digitalis purpurea) and stinging nettle (Urtica 
dioica). Samples were taken from soil and beech leaves.  

 

Results  

As the table shows, the found number of different pesticides and the total 

concentrations were in comparison with other sampled nature areas fairly 

low. In the beech leaves diphenyl showed the highest concentration, followed 

by pendimethalin and diphenylamine. In the leaves was the fungicide 

imazalil present but not quantifiable. In the soil sample the compound 

anthraquinone showed with 9 µg/kg DM the highest concentration. In the soil 

traces of chlorpropham and DDT were found as well. 

Reference area Arnsberger Wald, NRW  
Beech leaves  Soil  

µg/kg DM  µg/kg DM  

Total pesticides µg/kg DM  18.28  18.55  

Insecticides µg/kg DM  2  1  

Fungicides µg/kg DM  12.2  7.55  

Herbicides µg/kg DM  4.08  1  

Repellent µg/kg DM  0  9  

Number of different pesticides  4  4  
 

Overall contamination  

The reference area Arnsberger Wald belongs to the cleaner nature 

reserves but is not completely free of pesticides. The sources of the 

compounds are partly agriculture and partly industry and/or traffic.  

Wehenbachtalsperre, Reference Gressenich, NRW  

Code of location: WS 22/11/19  

Coordinates: W 50.73766 L 6.30851  

The area of Wehenbachtalsperre is allocated as a water protection area 

and production forestry takes place. The area belongs to the Naturpark 

Nordeifel, district Euskirchen. The sampled location was 3.7 km southeast of 

the town Gressenich and at 2500 m distance of the nearest arable field. The 

dominant trees were spruce, beech, Norway spruce and larch. Further 

observed species of vegetation were holly, blueberry, hulk, grass and 

foxglove (Digitalis purpurea). The soil was humus rich.  

Samples were taken from grass, soil and animal droppings  
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An extra sample of the droppings was reserved for counting the beetles.  
 

Results  

The total found concentration and compounds in the soil of this reference 

area exceeds the averages of the other investigated nature reserves and 

reference areas. The compound anthraquinone showed with 14 µg/kg DM the 

highest concentration, followed by the fungicide diphenyl and the insecticide 

diphenylamine with respectively 5.67 µg/kg DM and 5.41 µg/kg DM. 

Furthermore, in the soil traces of DDT and two metabolites of DDT were found. 

Also in the vegetation and dropping sample diphenyl had the highest 

concentration of the found compounds. In this area there was a clear influx 

of the in agriculture used herbicides chlorpropham and prosulfocarb.   

Wehenbachtalsperre, Reference 

area Gressenich, NRW 

Grass Soil Red deer /boar droppings 

µg/kg DM µg/kg DM µg/kg DM 

Total pesticides µg/kg DM 31.5 29.07 10.09 

Insecticides µg/kg DM 8.57 8.41 0 

Fungicides µg/kg DM 14.29 5.66 9.09 

Herbicides µg/kg DM 8.64 1 1 

Repellent µg/kg DM 0 14 0 

Number of different pesticides 4 6 2 
 

Overall contamination  

The fairly contaminated soil may be correlated with the large amount of 

humus in the soil. It is known, that humus has the capacity to bind pesticides 

and other chemical compounds. The physical properties of the in the 

vegetation herbicides (chlorpropham and prosulfocarb) cause a 

widespread distribution in the environment. It is not known what the effects 

of the found cocktails of pesticides on the insect fauna are. Nevertheless, it 

is assumable that the effects don´t contribute to a positive insect 

conservation.  

Reference Klever Reichswald, NRW  

Code of location: RW 4/12/19  

Coordinates: W 51.74532 L 6.055452  

The forest Klever Reischswald of 5100 ha and belongs to the district Kleve. 

The dominant trees are beech (Fagus sylvatica), larix and firs. The soil is 

loamy sand almost without gravel.  

Grass and herbs were growing, such as clover, plantain (Plantago 

lanceolata), sorrel (Rumex acetosa), Stinking willie (Jacobaea vulgaris), 
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RESULTS AND DISCUSSION OF MEASUREMENTS IN BUFFER AREAS  

Buffer area: Egelsberg1 and Egelberg2, NRW  

In the nature reserve Egelsberg five insect traps were installed by EVK in 

transect. For this research 3 locations were sampled, but the analyses results 

are presented in different sections of this report, because locations where 

pesticides are applied cannot be compared with locations where they aren’t 
applied. The location Egelsberg3, is situated in a protected area and those 

analyses results are presented in the section protected natures reserves 

(earlier in this appendix). Because the locations Egelsberg1 and 2 were sawn 

with coated winter wheat, those two locations were considered as buffer 

areas of the protected nature reserves.  

Egelsberg1  

Code of location: EBK1-7/11/19  

Coordinates: W 51.38735 L 6.58819  

Egelsberg2  

Code of location: EBK2-7/11/19  

Coordinates: W 51.38729 L 6.58734  

The soil of these two locations was sandy. Winter wheat and some 

germinating herbs were growing. The adjacent field of EBK1 was under fallow. 

It was visible that rabbits and/or hares consume the young wheat.  

Samples were taken from EBK1 parallel to the field edge, from soil and from 

the entire wheat plant (approximately 10 cm in the third leave stage, 

inclusive seed and roots).  

Samples were taken from EBK2 from soil, from the entire wheat plant 

(approximately 10 cm in the third leave stage, inclusive seed and roots) and 

from rabbit droppings.  

An extra sample of the droppings was taken for counting the beetles.  
 

Results  

In the wheat samples from the two sampled locations many pesticides 

and high concentrations were found: in EBK1 and EBK2 respectively 18 and 24 

different compounds with a total concentration of 1079 µg/kg DM and 825 

µg/kg DM. As the table shows, the majority of the pesticides found are 

fungicides. In EBK1 two insecticides and 3 herbicides, in EBK2 one insecticide 

and 2 herbicides were detected. In EBK1 the highest concentration of the 

fungicide in the wheat sample was fluoxastrobin (673 µg/kg DM) and in the 

wheat sample from EBK2 fludioxonil (791 µg/kg DM).  

In the soil sample of the two locations many compounds (resp. 8 and 12) 

were detected, but with a concentration slightly above the average 
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Egelsberg, NRW 

Compound 

EBK1 EBK1 EBK2 EBK2 EBK2 

Winter wheat Soil Winter wheat Soil Rabbit droppings 

µg/kg DM µg/kg DM µg/kg DM µg/kg DM µg/kg DM 

Anthraquinone 13.0 10.0 10.0 8.0 6.5 

Chlorpropham  1.0  1.0 2.8 

Chlortoluron    2.0  

Cypermethrin 3.8     

Dichlobenil    1.5  

Difenoconazole 57.8  1.0   

Diphenyl 6.7 4.0 8.9 4.0 17.5 

Diphenylamine 1.0  1.0   

Diflufenican 2.0 2.0 4.0 3.0 1.6 

Epoxiconazole   0.8 0.8  

Fludioxonil 288.0 1.0 791.0 1.0 3.4 

Fluoxastrobin 673.0    3.8 

Flusilazole   1.0 1.0  

Hexachlorobenzene 2.0  2.0 2.3  

Metalaxyl   9.0   

Methabenzthiazuron 6.0 6.3    

Pencycuron    1.0  

Pendimethalin 3.0 2.0 3.0 3.0  

Phthalimide (Met. Folpet) detected 2.0 detected  1.6 

Prochloraz 3.1     

Prosulfocarb 1.0    4.3 

Prothioconazole-Desthio 22.1     

Pyrimethanil 2.9     

Tebuconazole 1.0  1.0   

      

Total pesticides µg/kg DM 1086.22 28.21 832.7 28.58 41.6 

Insecticides µg/kg DM 4.79 0 1 0 0 

Fungicides µg/kg DM 1056.43 8.96 810.70 6.10 23.3 

Herbicides µg/kg DM 12 11.25 7 10.48 10.6 

Repellent µg/kg DM  13.0 10.0 10.0 8.0 6.5 

Number of different 

pesticides 

t 18 8 14 12  

8 

Buffer area Brauselay, Rheinland-Pfalz  

Brauselay is a nature reserve in a slope area, on the right side of the river 

Mosel, district Cond in Cochum. In 2019 three insect traps (MF) at different 

heights of the slope in a wine growing area were installed by EVK. Out of the 

three MF locations the lowest and the highest locations were sampled, 

because the middle one with MF was not accessible.  
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Due to the conventional wine cultivation, in this study the two sampled 

locations were considered as buffer areas. The soil of the locations was very 

rocky and only a depth up to 12 cm was permeable.  

Brauselay1 (downhill, altitude 97 m)  

Code of location: BL1-20/11/19  

Coordinates: W 50.14185 L 7.18753  

The sampled location Brauselay1 was at the border of the wine yard, at 65 

m distance of the river Mosel. The following herbs and bushes were growing: 

old mans beard (Clematis vitalba), blackberry (Rubus fruticosus), raspberry 

(Rubus idaeus), dog rose (Rosa canina), wild strawberry (Fragaria vesca), 
oregano (Origanum vulgare). A walking route crossed the area. Samples 

were taken from blackberry (stalk with leaves), fallen grape leaves (that 

were blown in by the wind) and soil.  

Brauselay3 (uphill, altitude 131 m)  

Code of location: BL3-20/11/19  

Coordinates: W 50.14217 L 7.18808  

The distance between Brauselay1 and 3 is in bird´s eye view 50 m. The 

vegetation and soil of both locations is similar. Samples were taken from 

blackberry (stalk with leaves) and soil  
 

Results  

As shown in the table, there were some remarkable results: in BL1 the two 

vegetation samples were heavily contaminated with many different 

fungicides and the soil in BL1 and BL3 was heavily contaminated with DDT 

and its metabolites. In the grape leaves and in the blackberry from BL1 

respectively 29 and 24 different compounds with a total concentration of 

160264 µg/kg DM and 1082 µg/kg DM was found. In the soil of BL1 36 different 

compounds with a total concentration of 2440 µg/kg DM were detected. 

Among the 22 different fungicides found in the grape leaves the highest 

concentration had ametoctradin (140 mg/kg DM) and dimethomorph (12.2 

mg/kg DM). These two active compounds can be found combined in 

formulations (products for the market). In the grape leaves several other 

fungicides were found in concentrations around 1 mg/kg DM. Most of the 

pesticides in the grape leaves were also detected in the soil and in the 

blackberry, however with some exceptions. In general, the concentrations in 

blackberry were much lower. There was one compound dithianon, that was 

only found (in the high concentration of 504.3 µg/kg) in blackberries and 

not in the grape leaves or in the soil.  
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is quite normal for arable soils (unpublished data). It is remarkable that the 

blackberries growing on this location are, compared with the soil, very clean. 

They seem to be able to take up nutrients from the soil and keep the largest 

part of the pesticides out of their tissues. Another positive observation of this 

location is that the AMPA content of the soil is very low (7.2 µg/kg) and of 

glyphosate even lower. It is clear that this herbicide has seldom been used 

in the wine yards. Of this location insect MF catches will become only 

available of the year 2020 in the framework of the DINA project.  

Buffer area Pommern2, Rheinland-Pfalz  

The sampled location in the nature reserve Pommern is located 150 m from 

the river Mosel, 10 km west of the city Pommern, and belongs to the district 

Cond in Cochem. There used to be many wine yards.  

In this area the EVK installed 2 MF. For this study only one location was 

sampled, the other was not accessible.  

The vegetation is divers – amongst others, the European spindle 

(Euonymus europaeus) was growing. The soil of the location was very rocky 

and only a depth up to 10 cm was permeable.  

Code of location: PM2-20/11/19  

Coordinates: W 50.16995 L 7.24068  

Samples were taken from blackberry (whole stem) and soil.  
 

Results  

In particular the soil of this sampled location is very contaminated with 

many pesticides. In the soil 42 different pesticides were found with a total 

concentration of 6742 µg/kg DM and in the black berry 10 different pesticides 

with a total concentration of 42.50 µg/kg DM. The pesticide concentration of 

the black berry is approximately the average of in this study other 

investigated vegetation samples. Diphenyl showed in the black berry sample 

the highest concentration.  

Despite the total concentration is moderate, the very toxic metabolite of 

DDT and the very toxic insecticide etofenprox were present in this sample.  

In the soil were found a total concentration of 6365 µg/kg DM the very 

persistent and toxic insecticides: aldrin, dieldrin, beta-endosulfan, dieldrin, 

DDT and several metabolites (DDE, DDD), lambda cyhalothrin, and the 

persistent acricides tetradicfon and dicofol (moderately persistent). Since 

decennia are most of these insecticides (e.g. DDT, aldrin, dieldrin) banned 

and therefore these compounds are remains from historical application. The 

majority of the other found compounds were fungicides; it is likely that they 








