1. What are the main functions of the laboratory crop protection chemistry?
· Analysis of pesticides 
· Formulation of pesticides 
· Effects and Side Effects of pesticides
2. Explain what Euro barometer 354 is and what the output was 
Food-related risks Conducted by TNS Opinion & Social at the request of the European Food Safety Authority (EFSA)
· 19% of citizens spontaneously cite chemicals, pesticides and other substances as the major concerns. 
· 3 out of 10 Europeans mention as risks to be “very worried” about. 
· Chemical residues from pesticides (31%)
· Antibiotics (30%) and pollutants like 
· Mercury and dioxins (29%), 
· Cloning animals for food products (30%), 
· Pesticide residues in fruit, vegetables or cereals” is the risk quoted by the greatest number of citizens in twelve Member States. 
· Respondents in Greece (91%), 
· Cyprus (90%) 
·  Lithuania (88%) 
·  Worry levels are lowest in the United Kingdom and the Netherlands (both at 53%). 
· In 2005, respondents from 9 Member States identified pesticide residues as the food-related risk they worried about the most
· Highest levels of confidence in information obtained 
·  physician, doctor and other health professionals (84% total confident), 
· Family and friends (82%). 
· These information sources are closely followed by
· Consumer organizations (76%), 
· Scientists (73%) 
· Environmental protection groups (71%). 
· high level of confident
· National and European food safety agencies (EFSA)  at 64%
· European institutions 57% 
· National governments at 47%.
3. What is crop protection chemistry? 
Crop Protection: Crop means plant and the agriculture is used to growth the plants.  Chemistry involves Chemical substances. Plant protection chemistry is the use of (Chemical) substances against unwanted organisms like Insects, Weed and Fungi
4. Explain how crop are protected 
· Chemical measures 
· Mechanical measures : weeding, crop cover
·  Physical measures: heat, cold, UV, repelling effects (sound, visual)  
· Biological measures: insects (predators and parasites like ladybird and white fly, fungi (antagonists, hyperparasites and weeds (concurrention systems, pathogens). Bio-pesticides: are from natural origin in contrast to most pesticides which are chemically synthesized. Bio-Pesticides are from “natural” origin 
· Cropping measures: crop rotation, choice of resistant seeds and plants , date of sowing and planting,  crop density, crop conditions (climate, soil),  cropping system (sowing in lines, hydroculture)
5. What are the plant protection products that are commonly used? 
· Pesticides: used to kill pest  
· Biocides: used to kill Living organisms 
· PPP
· Fungicides 
· Herbicides 
· Insecticides
· EU Plant Protection Product : agricultural use  
· Plant EU Biocide: non agricultural use 
· Active ingredient: Active substance
·  Formulation: Active ingredient + adjuvant  which gives Product 
5. What is a pesticide?
· Any substance or mixture of substances, or micro-organisms including viruses, intended for repelling, destroying or controlling any pest, including:
· vectors of human or animal diseases 
· nuisance pests 
· unwanted species of plants or animals causing harm during or otherwise interfering with:
· the production, 
· processing, 
· storage, 
· transport, or marketing of food,
·  agricultural commodities, 
· Wood and wood products or 
· Animal feeding stuffs
· May be administered to animals for the control of insects, arachnids or other pests in or on their bodies. 
· The term includes substances intended for use as:
· Insect or plant growth regulators 
·  defoliants 
· dessicants 
·  agents for setting, thinning or preventing the premature fall of fruit 
·  Substances applied to crops either before or after harvest to protect the commodity from deterioration during storage and transport. 
· The term also includes pesticide synergists and safeners where they are integral to the satisfactory performance of the pesticide.
6. What are the types of pesticides? 
· Plant extracts: Botanic” pesticides
· Pyrethrum
· tree oils 
· rotenone 
· strychnine, 
· thyme oil 
· Minerals: Inorganic pesticides 
· Silica gel
· sulfur, 
· diatomee 
· Micro-organisms: living pesticides
· Bacteria
·  nematodes
·  Trichoderma
·  beauveria 
· Pheromones and plant growth regulators 
7. In which areas pesticides are used
· USE Agriculture and Horticulture
· Crop Protection 
· Ectoparasites on animals (ticks)
· Public health 
· Vector control (malaria)  
· General hygiene
· Food quality (fungi, aflatoxins) 
· Industry 
· Protection of materials 
· Cooling water treatment 
· Post harvest 
· Life and working conditions
· Traffic roads, parkings 
· Parks, lawns, sport and recreation, cimetaries
·  Hobby gardens 
·  Disturbing organisms (ants, mosquitoes) 
8. Explain the history of plants protection products 

· In old times , Plagues of Egypt:  diseased live stock
· 19th century , use of arsenic, cupper, sulfur, soap
· 1930 DNOC ( dinitro ortho cresol)
· 1940 WW II, the use of   DDT, drins(organochlorines),  2,4-D( 2,4 dichlorophenoxyacetic acid) and zineb 
· 1950 great breakthrough : the use of parathion( organofosfates) , dithiocarbamate fungicides  and triazines 
· 1960 first side effects (R. Carson)  
· 1970 newer and better products (systemics)  like pyrethroids and  glyphosate.  

· Carson described research demonstrating that DDT caused egg shells to thin for many species of birds, increasing infant mortality rates. 
· Effects rippled through food chain. May also affect humans directly. Difficult to prove effects on humans. 
· 1980 pro vs. Contraction 
· 1990 “chemofobia:(fear of the use of the chemicals)back to nature 
· 2000 the big question: necessary or not? (GM?) 
· 2010 new risks (cancer? Endocrine disruption?) 
· 2020 towards sustainability 

 9. Explain the extend use of pesticides and importance of pesticides 
·   in Europe fungicides are mostly used , followed by herbicides and insecticides 
· In tropics insecticides are used mostly followed by fungicides, no herbicides used 
· In USA, herbicides are mostly used followed by insecticides and fungicides 
Importance 

· Increase in bruto income  
· Increase in Netto income of producer  
· Decrease in Work load and costs 
· Good Quality of products  
· Total efficiency if we take environmental-impact, resistance, monitoring, into account 

10. Explain how an I.A in EU is done for pesticides 

· The study design is done and the study design is composed of: 

· Product chemistry 
· Analytical methods 
· Toxicology and animal metabolism 
· Residues 
· Emission fate and plant metabolism 
· Ecotoxicology

· After the study design risk assessment is done and include:

· Operator exposure : acceptable operator effect level)
· Consumer exposure: acceptable daily intake ( ADI) and maximum residues limits( MRL)
· Risk assessment to environment and wild life 

· After the assessment of the operator exposure, consumer exposure and environment exposure, the overall assessment is made. And then the dossier is prepared. The dossier is submitted to the responsible authority to be authorized 

· The products with: no dossier submitted, incomplete dossier, dossier withdrawn by industry are removed from the market 

· The complete dossier are reviewed and are either approved or not approved 


11. Explain what was the reason for new regulation 1170/2009 that replaced the regulation 91/414/EEG 

· European harmonization of the data demands
· European harmonization of the principles for evaluation and criteria for authorization 
· EU-evaluation of active substances 
· National authorization of crop protection products
· Mutual legitimization of national authorizations
· Revision program for existing active substances 


· The KB of 28/02/94 includes several more aspects, which thus do not result from directive (91/414/EEG) like: 
· Rules regarding packaging, classification and characterization of crop protection products
· Regulations for parallel import 
· Regulations for the authorization commission
· Regulations for withdrawing authorizations
· Regulations regarding recognized sellers, recognized users and specially recognized users 

12. Explain the main elements in new regulation  

· Strict criteria for approval of substances to ensure a 
· High level of protection for human and animal health and the environment.
· The protection of vulnerable population groups like pregnant woman, babies and children
· Carcinogens, mutagens, endocrine disruptors, substances toxic for reproduction or which are very persistent will not be approved, unless exposure to humans is negligible.  
·  Substitution of more toxic pesticides by safer (including non-chemical) alternatives. 
· Improving the quality and efficacy of pesticide application equipment, ensuring better training and education of users and developing integrated pest management schemes.
· A ban on aerial spraying, except for strictly defined special cases. 
· National action plans on the safer handling of pesticides. 
· Training for professional users. 
· Certification and safety checks of equipments
· Protection of the aquatic environment. 
· revision and authorization process old  pesticides 

· Pesticide not yet on the market before 25/7/1993 had to be investigated and recognized via a uniform procedure. 
· Committee of specialists decides whether an active substance is allowed or not. 
· Evaluation of the old pesticides that were on the market before 25 juli 1993 according to the same standards as the new active substances.


13. Explain the challenges with the new PPP authorization regulation 

· Cost registration: For one compounds it take 8-10 years for research which is costly
· Few products are approved  
· Farmers and pesticide producers fear the proposed strict authorization rules will remove harmless substances from the market and weigh down their businesses with increased bureaucracy. 
· Cut-off criteria for substances used in the production of pesticides. 
·  Farmers groups and pesticide producers argue that the proposed bans are based on "assumptions" rather than science. They are calling for scientific risk assessments to determine whether the health benefits of such bans would outweigh the economic cost to industry and lower agricultural yields 
·  Increasing commodity prices. Indeed, some studies argue that restrictions on pesticide use could lead to a decline in Europe's overall agricultural productivity and self-sufficiency as well as to higher prices and increased EU reliance on food imports. 
15. Explain the components of the pesticides and how the pesticides are rebelled 

Components: 

· active ingredient(s) 

· The active ingredient(s) is/are the component(s) of a formulation responsible for the direct or indirect biological activity against pests and diseases or the regulating of metabolism/growth, etc. 
· A single active ingredient may be comprised of one or more chemical or biological entities which may differ in relative activity. A formulation may contain one or more active ingredients. 

· Adjuvant
 
· Any substance, other than a technical grade active ingredient, intentionally incorporated in a formulation. 
· This may include a carrier or other substances which enhance the biological activity or physico-chemical properties of the formulation. 

Labeling should have: 
· Trade name 
· Formulation 
· Active ingredients 
· Quantity and description 
· Precautions
 
16. Explain what formulation 

· A formulation is a pesticide preparation containing technical grade active ingredient(s) and formulant(s) (adjuvants) in a form suitable for use.  
· Formulation is the processing of a pesticidal compound by any method that will improve its properties of storage, handling, application, effectiveness, or safety. 
· In formulation  active substance need to be very active and less water soluble , it needs also contact formation , function (F) according to (treated object) 
· Pesticides formulated into many usable forms must be effective, safe to the applicator and environment, easy to apply with readily available equipment and relatively economic. Price depends to a great extent on the formulation. 
· The term usually reserved for commercial preparation prior to actual use and does not include the final dilution in application equipment. Commercial product versus scientific name of pesticides. 
17. Explain the components of a formulation and optimization of the formulations

Components
·  active substance 
· solvent 
· filler 
· adjuvant
Optimization 
Typical suspension   concentrate has 
· Water 
· Adjuvant 
· Anti-form 
· Biocide 
· Antifreeze 
· Anti settling agent 
· Dispersing agent 
· Active ingredient 
20. What are additives and their functions? 

· Any ingredient other than the pesticide active ingredient in the pesticide product (Formulant). 
· Any material not having pesticidal properties (Inert Ingredient). e.g. adjuvant and surfactants 
· Adjuvant functions 
· The functions of adjuvant vary widely depending on the needs of the active ingredient the product is applied within the spray tank. 
· Certain active ingredients demand better wetting 
· Others may demand better water conditioning or drift reduction. 
· In some cases the presence of an oil will allow for better penetration and uptake of the active ingredient
·  CPP and their adjuvant? 
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21. What are the commonly chemicals used as adjuvant and types of adjuvant 

· Surfactants : Nonionics , Anionics , Cationics
· Polymers: Waxes, Synthetic polymers, Water-soluble polymers
· Inorganic salts and Fertilizer: Urea, Ammonium sulfate , Phosphate salts , Calcium nitrate 
· Oils : Machine oil, paraffinic and naphthenic oils , Vegetable oils and esterified fatty acids 
· Solvents : Aromatic and aliphatic solvents , water-soluble solvents 
· Others : Carboxylic acids, Phosphoric acids 

· types of adjuvant 
· Anti-foam agent: Activator contains anti form agent and is used for a non-ionic surfactant. Increases coverage, improves uptake and performance 
· Sticker:  deposition and retention agent , Improves spray droplet deposition, Retains and protects droplets on targets, Improves the performance and life of protectant 
· Spreader: Increases coverage. 
· Anti-drift agent: Improves spray droplet deposition
· Wetter: Improves spray droplet coverage and penetration. Buffer: Ammonium sulfate: Minimizes the impact of hard water, minimize antagonism, Improves performance 
· Penetration agent: organosilicone are used, Ensures pesticide uptake, Enhances efficacy, Improves rain fastness. Non-ionic surfactant like vegetable oil concentrate has wide range of applications and act as  penetrant at high rates

· Marker: foaming surfactants and foam stabilizers, Excellent cold and hard water stability ,  Long life even on hot soil 


22. What are surfactant/ tension-actifs and their classifications and roles and classifications? 

· Surfactants are one of the most common types of activator adjuvant. 
· Role surfactants / tensides 
· Contact angle formation:  allow for more contact between the spray droplet and the plant by reducing the surface tension 
· Wetting, Spreading depot : Without proper wetting and spreading, spray droplets often run off or fail to adequately cover the surfaces
· Penetration ability 
· Dispersion stability 
· Micel formation 
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· Surfactants are classed by the head group,2 classifications:  charge and structure 

· Charge:  Cationic, Anionic , Nonionic, Zwítterionic 
· Structure :Linear , Branched,  Bola , Gemini 
18. What are the good properties of a formulation? 
· Better mixing 
· Improvement of retention 
· Lowering surface tension 
· Prevention of crystallization and volatilization 
· Improvement of absorption 
· Improvement of biological activities
20. What is the challenge in splaying pesticides and how to mitigate this challenge? 
· Challenge of effective distribution 
· Enhancing bio-efficacy by: 
· Anti-drift agents 
· Spray retention aids(stickers)
· Uptake enhancers 
· Rain fastness
23. Discuss the types of formulation 

· Liquid formulations 

· Emulsifiable concentrate ( EC)
· Emulsifying agent+ organic solvent 
· Water soluble concentrate (SL)
· Moistener+ solvent ( water)
· Suspension concentrate (SC)
· Suspending product + suspending medium +moistener or emulsifier 

· Solid formulation 

· Water soluble powder( SP)
· Soluble carrier 
· Water dispersible granulation(WG) 
· Suspending product + moistener + inert carrier 





24. Differentiate the systemic pesticides, the contact pesticides, depth activity products and translaminar 
Contact products
· work only at the place where they are applied and are not transported via the plant sap flow
· Emulsion or suspension stability
· Contact formation and spreading on the leaf
· Adhesive strength and rain resistance 

Products with in depth activity
· penetrate deeper into the leaf than contact products, but remain there and are not transported 
Translaminar products
· penetrate through the leaf and are active at the upper and lower side of the leaf 
Systemic products

· Penetrate into the plant and are transported via the plant sap flow
· Emulsion or suspension stability
· Contact formation and spreading on the leaf
· Adhesive strength and rain resistance 
· Penetration into the leaf 
· Transportation via the plant sap flow 

25. What is a slow release formulation and the advantage and basis of formulation 

· develop suitable controlled release pesticides for use in the soil and on foliage to reduce:
· Pesticide application rates, 
· pesticide levels in the environment 
· pesticide toxicity 
· Pesticide residual activity. 

·  Advantages :

· reduced possibility of over or under dosing 
· much less pesticide can be used for the same period of activity as a conventionally applied pesticide 
· maintenance of an effective concentration of pesticide for a prolonged period

Process of slow release formulation 

physico chemical regulation 

· reservoir system 

· Multilayer films (clothes-moths, termites, supplies, cockroach’s ticks and mites) 
· Microcapsules(clothes-moths, termites, supplies, cockroach’s ticks and mites) 
· hollow fibres 

· matrix system

· films (earrings,  collars , PVC walls )
· nets (mosquitos)

Chemical regulation 

· solvent-activated systems 

· osmosis 
· swelling 
· soluble polymer 

· erodable system 

· degradable polymers( water, photo and bio) 

· chain system 

· hydrolysis 
· biodegradable 
· photo degradation 

26. What are the forms of controlled release products? 

· Coated particles : spheres, aggregates, multiple coating and pill
· Solid solutions : beadlets, film, bandage, cube 
· Composites: spheres, tablets, pill, strip 
· Containers: capsules, breakable ampoules, capillary 
· Combinations: in liquid, in capsules, in pills 

27. What is the advantage and disadvantage of powder, liquid formulation? 

Liquid formulations /concentrate 

Advantage 
· easy to candle, transport and store 
· little agitation required 
· no settling when equipment is running 
· little visible residues on treated surface 

Disadvantage 
· easy to over dose or under dose 
· easily absorbed through the skin 
· flammable 
· corrosive 


Powder formulation 

Advantage 

· ready to use with no mixing 
· require simple equipment 
· effective  when the moisture is present 

Disadvantage 

· easy drift off target
· residue easily moved off target 
· irritation of eyes, nose, throat and skin 
· difficult to get an even distribution 

28. What are the trend formulations and the benefit? 

· avoid the dust and water explosion by using water disposable granulation(WG), FG, nanosuspension, water soluble wrapping (PBA-foil)
· to avoid dust and powder explosion , 
· this decrease in toxicity for breathing
· better possibility of dosage 
·  no loss by application 
· Decrease in waste of packaging materials, More compressible 
· Partial substitution of organic solvents for water by using SW, EW, SL, ME, SE
· Decrease in dermal toxicity 
· Security in transport and storage ( fire precautions)
· Less burdening by organic solvents 
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29. Explain how the spray of pesticides is performed and the spray equipments 

· Homogeneity of the splay tank has to be fulfilled otherwise you can splay the concentrated solution at the first time and then after you spray only the water.
 
· Atomization is the process of formation of droplet spectrum and drift. The major problem is the drift of pesticides by wind to the neighboring areas 

Equipments: 

· Air plane spraying 
· The spray by using the airplane is not good because they do not target only plantation but can also contaminate the surrounding environment
· Hand sprayer 

· you have to spray in one direction, walk in the straight line and you don’t move your hand 

·  Low Pressure Sprayer – Boom sprayer 
· The spray boom has to stay in the same position to obtain a uniform coverage. A uniform coverage of trees, a uniform deposition on the trees results in a uniform protection 

· Air support spray

· The airbag offers many advantages, including lower water quantity, optimal penetration into the crop, drift reduction and a possibility of saving of pesticides 

· Air blast sprayer : orchad sprayer 

·  Move pesticide by creating wind. Used to treat orchad.  Challenge of this spray is the problem of drift by air. 

· Knapsack or backsack sprayers

· Suitable for small plantings, entirely manual and is carried on an operator's back. 
· Low volume application: controlled droplet application 
· If you don’t have enough water, the ultra low volume application is used. you use a rotating corn
·  but this has a consequence of loss of pesticides by wind and contamination of the surroundings 

30. What are Nozzles?  

· Depending on nozzles types you have different sprayings 
· The nozzle is a critical part of any sprayer. The role of Nozzles is: 
· Regulate flow 
· Atomize the mixture into droplets, big droplet are not taken by wind 
· Disperse the spray in a desirable pattern. 
· Nozzles are generally best suited for certain purposes and less desirable for others. 
· Nozzles determine the rate of pesticide distribution at a particular pressure, forward speed, and nozzle spacing. 
· Drift can be minimized by selecting nozzles that produce the largest droplet size while providing adequate coverage 

· . Each nozzle on a sprayer should apply the same amount of pesticide. If one nozzle applies more or less than adjoining nozzles, streaking may occur.
·  Nozzle flow rates need to be monitored by regularly collecting the flow from each nozzle under operating conditions and compare the output.
·  The spray angle and the shape of the pattern are important.  Narrow angles produce a more penetrating spray. 
·  Wide-angle nozzles can be mounted closer to the target, spaced farther apart on the boom, or provide overlapping coverage 
· Lower pressures produce larger droplets, which reduces drift potential, 
·  Higher pressures produce small drops for maximum plant coverage, but small drops are more susceptible to drift. 
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31. Explain different types of Nozzles  

· The flat fan(FF nozzles)
· Corne zozzles( the hollow cone and the full cone)
· Deflector zozzles 
· Air induction nozzles(A.I nozzles) 

·  Flat-Fan Spray Nozzles are widely used for broadcast spraying of herbicides and some insecticides. 

· They produce a tapered-edge; flat-fan spray pattern. 

· Less material is applied along the edges of the spray pattern, so the patterns of adjoining nozzles must be overlapped to give uniform coverage over the length of the boom. 


· Full cone nozzle: Nozzles that give most of the liquid in the middle of the cone 
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· Hollow cone nozzle: Nozzles with a hollow cone 
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32. Explain the difference in Spray volume 

· Colors of the nozzle gives information whether the nozzle spray high volume or not. 
· A nozzle with big hole will results in high volume and a small hole results in a small volume 
· Big nozzles results in big droplet which are not taken by wind, small nozzles results in small droplet which are easily taken by wind 
· The small nozzle are better than the big nozzle because for the big nozzle,  the same volume of spray liquid is used and you have less possibility to achieve the target with big droplet while the small nozzle you have high possibility to achieve target with much better coverage as the droplet are small.
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33. Explain what the Droplet size spectrum is 
· During application, the pesticide spray mixture is broken into spray particles or droplets of various sizes.  
· Doubling the diameter increases its weight, and also its volume, by 8 times. Heavier droplets fall more quickly and are less affected by air movement.

· Size and Number: When the size of spray droplets is reduced, their numbers increase, and the potential for drift also increases.
·  Reducing droplet diameter in half multiplies the number of droplets by eight. The characteristics of the nozzle and spray pressure have the greatest influence on droplet size.  
· Spray Quality: ‘Spray quality’ or ‘droplet size spectrum (DSS)’.  Refers to the droplet sizes that a particular nozzle produces; described in terms ranging from "very fine" to "Extremely coarse" the quality of spray is described by: 

· VMD: The Volume Median Diameter or DV (0.5)
· Is the midpoint by volume 
· Half of the volume of spray is in droplets smaller, and half of the volume is in droplets larger than the mean. 
· A VMD of 400 indicates that half of the volume is in droplet sizes smaller than 400 microns, and half the volume is in droplet sizes larger than 400 microns. 
· NMD: number median diamete
· Middle point by number 
· Divides the number of droplet into 2 equal halves
· Is the number of droplets without reference to their volume 
·  Volume average diameter 
· Average volume of droplet 
· Mean dose per droplet 
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· The uniformity is observed if the ration between VMD and NMD is one 
· For the insecticides and fungicides we need to target the hall coverage, we maximize the coverage by using 
· Oil based: 50-100 micrometer 
· Water based : 70-150micrometer 
· Flying insects : less than 50micrometer 
· For herbicides we want to target the particular plant. We minimize the drift by using
· 150-300 micrometer for best coverage 
· Higher than 500 micrometer, no drift 
· The decrease in nozzles size and an increase in pressure results in the decrease of droplet size. 

34. Explain the impaction 

· Include reflection, retention, wetting and dispersion of pesticides when applied on leaves 
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35.  Explain the penetration and translocation of pesticides 

· The pesticides are applied by aerial sprays where the foliage and stem are primary intercepting organs, can be injected in into or directed on the stems of larger trees or can be applied to soil and roots are the principal absorbing organs 
· Once on the leaf the pesticides may be absorbed by the cuticle, adsorb on the leaf, volatilize, wash off by rain, degraded by sun or biologically
· The absorption is important for the systemic pesticides that require uptake into the plant 
· The penetration is done through the diffusion from high concentration to low concentration 
· The partitioning coefficient depends on the polarity the hydrophobic and hydrophilic chemical is taken depending on a polar or a non polar way. 
· The inner part of the cuticle favor  the polar compounds and restricts the non polar compounds like DDT for example 
· The absorption is not only sufficient but also the translocation is important. The translocation is the movement of the chemical in plants and is done via the xylem and phloem. Transports via the roots is done only via phloem 
· Adjuvant the wax crystallinity and thus the turtuosity of the diffusion part 
36. Explain the foliage application mechanism of pesticides 

· Good solubility and good homogeneous and then you do atomization and then the impactation on leaves 
· Retention on leave 
· Deposit 
· Penetration 
·  The adhesion on the plant and then the pesticide deposit. The active substance is maintained on the surface and has an effect on insects or penetrates into fungus. 
· The pesticides can penetrate in plant and diffuse through the leaves. Once the diffusion is done the pesticides can penetrate in fungus or migrate in tissue to have herbicide action. Pesticide can also migrate in plant via conductive vessels of SAP 

37. Explain the types of pesticides based on the mode of action 

· Contact products: work only at the place where they are applied and are not transported via the plant sap flow. They are used as the preventive means, they are used before the infection or before the  insects grow on the plant 
· Products with in depth activity: penetrate deeper into the leaf than contact products, but remain there and are not transported
· Translaminar products: penetrate through the leaf and are active at the upper and lower side of the leaf
· Systemic products: penetrate into the plant and are transported via the plant sap flow, they are used as a curative means, can be applied after injection, can hill the plant after infection  
· Broad working pesticides: control a large spectrum of pests or pathogens and are also called broad-spectrum pesticides”. They kill all insects including beneficial insects like bees, do no longer exist. 
· Specific pesticides:  for a limited group of enemies 
· Selective pesticides: spare as much as possible the natural enemies and are indispensable in integrated crop protection. They don’t kill the beneficial insects 
38. Explain different treatment of pesticides application 

· Leaves treatment : pesticides have to be applied on the crop
· Soil treatment: pesticides are sprayed on the soil.
·  Seed treatment: PPP’s are not only used during plant growth but also in the stage of seed 
· Conservation treatment: applied after harvest against fungi. 
39. Explain what pesticide residues are

· Any specified substance in food, agricultural commodities or animal feed resulting from the use of pesticides.mg of active ingredients/ kg food 
· The term includes any derivatives of a pesticide such as : 
· conversion products 
· metabolites 
· reaction products 
· Impurities considered being of toxicological significance. 
40. What is the Occurrence of insects, use of insecticides, routes of exposure of insects, selectivity, and classification of insecticides? 

Occurrence
· 99% of species are of minor importance 
· Beneficial insects and mites are small group which include honey bees, lady beetles, parasitic wasps, and predaceous mites 
· Destructive insects and mites represent the smallest but most notable group 
Use of insecticides 
· Insecticides are used for controlling insects, the largest animal group. Insecticides focuses on the pests: 
· Pests that use or damage crops grown by humans
· Pests that are vectors of plant diseases 
· Pests that destroy harvested products 
· Pests that are vectors of human diseases 
· Pests that are a nuisance for humans and animals 

Routes of exposure of insect to insecticides

· Stomach poisons: insecticide must be ingested by the insect for toxic effect 
· Contact poisons: the insect must come into contact with insecticide for toxic effect 
Selectivity 

· Insecticides can be categorized in two ways. 
· According to the way they are taken up by the insect, namely via stomach, skin or respiration, they are then called stomach-, contact–, or respiration toxins.
· According to the insect stage they kill, they are called egg-, larvae- or adult killing substances. 

Classification 

· Synthetic pyrethroids 
· Organochlor 
· Organofosfor 
· Carbamate 
41. Explain the mode of action of insecticides 


· Many insecticides have a mode of action on the nervous system: narcotic, axionic and synaptic activity. 
· Next to those, there are insect growth regulators and insecticides that inhibit the mitochondrial electron transport. 
· Next to natural and synthetic substances one can also distinguish behavior regulation compounds. These contain signal compounds (pheromones), influencers of the feeding behavior compounds (antifeedants) and repellants. 

Nerve poisons 
– Axonic 
– Synaptic 
– Post synaptic 
– GABA 

Microbial 
· Bt 
· EPN

Insect growth regulators 

· Chitin syntheses inhibitors 
· Hormone disruptors 

Non-cides 

· Pheromones 
·  Antifeedant 
· Repellent 


Insecticides has effect on Axonic transmission of nerve pulse 

· The nerve impulse is an all-or-none (all-or-nothing) response. 
· The amount of stimulation applied to the receptor or neuron must be sufficient to open enough sodium channels to generate an action potential. 
· The wave of action potential has constant amplitude:  the height or strength of the wave, from -70 mV to +30 mV. 
· An action potential at one point on the nerve cell membrane is a stimulus to neighboring regions of the cell membrane. 
· The ions that play the principal role in the development of the electrical potential are sodium ions (Na+) and potassium ions (K+).
·  The sodium-potassium pump (Na+ / K+ pump) is an ATP-ases embedded in the membrane of neurons and many other cells
·  The pump,  pump Na+ out of cell and K+ back into cell by active transport using ATP as energy source. 
· The Na+/K+ pump works as a long-term mechanism to lower the interior sodium ion concentration. 
· The synapses communicate 2 nerve cells
· The signal is transported to the brain and the nerve cells and brain are communicated via this signal 
· The insecticide Brock the signal communication by having an action at pre-synapses, synaptic and post synapses 
· The insecticides change the polarity of the membrane, can cause the depolarization or the polarity of the membrane 

Examples of insecticides and mode of action 

DDT and pyrethrum 

· Affect the potential  difference in the membrane
· Normally the membrane function: 

1. RISING PHASE : Na+ ions permeate inside the axon from the outside 
2. RESTING POTENTIAL: at rest there is inside the axon a relatively low Na + and a relatively high K + concentration 
3. DECLINING PHASE: Na+ permeability drops but K+ permeability increases so that K+ ions leave the axon. 
4. POSITIVE PHASE by a persistent high K+ permeability 
5. NEGATIEVE  SODIUM POTENTIAL: local K+ concentration outside the axon gives a net K+ influx that slows down the equilibration 
· When DDT is present 
· Extend inflow Na+, delayed closure sodium channels, and decreased permeability K+ ions. 
· One stimulus gives several successive signals resulting in paralysis. 
· Check the schematic in the explanation notes 

· When Pyrethrum is present 

· Pyrethrum is the name of a natural insecticide made from the dried flower heads of Chrysanthemum cinerariifolium and Chrysanthemum coccineum. pyrethrins and pyrethroids are the pyrethrum compounds 
· Pyrethrins is Natural insecticidal extract  and Unstable 
· Pyrethroids is Synthetic derivatives Used with piperonyl butoxide. piperonyl butoxide is carcinogenic. 
· When present result in a very great potential difference
· check the schematic in the explanation notes

Organochlorine insecticides 

· Originally developed in the 1940s as an alternative to DDT, 
· dieldrin proved to be a highly effective insecticide and was very widely used during the 1950s to early 1970s.Dieldrin is closely related to aldrin, which reacts further to form dieldrin. 
· Aldrin is not toxic to insects; it is oxidized in the insect to form dieldrin which is the active compound. However, it is an extremely persistent organic pollutant; it does not easily break down. Furthermore it tends to biomagnify as it is passed along the food chain. 
· Long-term exposure has proven toxic to a very wide range of animals including humans, far greater than to the original insect targets. For this reason it is now banned in most of the world. 
· If the pesticide has chlorine inside, it has the same activity as  DDT on axon 

Organophosphate pesticides 

· Normally : 
1. Nerve signal releases acetylcholine 
2. Acetylcholine binds to the receptor 
3. End organ activates in presence of acetylcholine 
4. Choline regeneration by acetylcholinesterase 
5. Choline reuptake 

· When organophosphates are present 


· Cholinesterase is inhibited 
1. Nerve signal releases acetylcholine 
2. Acetylcholine binds to the receptor 
3. Activity of end organ does not cease 
4. OP binds to cholinesterase preventing regeneration 


Microbials insecticides 

· bacteria (Bacillus thuringiensis), viruses, fungi, protozoa and nematodes that are isolated, cultured and mass-produced for use as insecticides 

Bt crystal/spore
  
· complex releases toxins when they contact the high pH mid gut of insects 
· Caterpillar consumes foliage treated with Bt( spores and crystalline toxins)
· Within minutes the toxin binds to specific receptors in the gut wall and the caterpillar stops feeding 
· Within hours, the gut wall breaks down allowing spores and normal gut bacteria to enter the body cavity, the toxin dissolves
· In 1-2 days the caterpillar dies from septicemia as spores and gut bacteria proliferate in its blood 

Insect growth regulators 

· disrupt the growth and development of immature insects into adults; insect mortality is typically slow; examples are methoprene and fenoxycarb (Logic) 

IGR-Hormone disruptor 

· The juvenile hormone (JH) plays an important role in the regulation of the synthesis of the larval cuticle and of the pigment production. 
· In the egg it controls the embryogenesis. In the adult JH is needed for several reproductive functions such as the pheromone production and color development. 
· The JH exerts a significant effect during the moults and determines the metamorphosis of the insect 

IGR-Ecdyson interference 

· Alfa-ecdyson is an insect hormone that is converted to its active metabolite beta- ecdyson. It is responsible for the arrangement of the moults between larval stages. 

IGR - Chitine synthesis inhibitors 

· Affect the ability of insects to produce new exoskeletons when molting 




Insect pheromones 
· Sex pheromones used for male trapping, monitoring, detection and mating disruption; example is gossyplure, a sex feromone of the pink bollworm.) 
· A pheromone is a secreted or excreted chemical factor that triggers a social response in members of the same species. Pheromones are chemicals capable of acting outside the body of the secreting individual to impact the behavior of the receiving individual. 
· There are alarm pheromones, food trail pheromones, sex pheromones, and many others that affect behavior or physiology. 



Insecticides based on the place they act on 

Synaptic inhibitors

· inhibit acetylcholine

· Organophosphates: chlorpyrifos (Dursban, Lorsban), diazinon, malathion .
· N-methyl Carbamates : aldicarb (Temik), carbofuran (Furadan), carbaryl (Sevin) 

Post synaptic inhibition

· Inhibit acetylcholine neurotransmitter 
· Nicotine 
· Chloronicotinylen Imidaclopid: kill bees 
· Act on chlorine channel brocker 

· GABA (gamma-aminobutyric acid) antagonists 
· Binding of GABA on receptor opens the Cl—channel

Overview 

Pyrethroides and organochlor insecticides inhibit sodium channel 
Organophosphor and carbamates inhibit acetylcholinesterase . Chloro nicotinylen  Imidacloprid and nicotine act on the acetylcholine receptor. GABA (gamma-aminobutyric acid):  receptor antagonists 
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42. What are fungicides and related compounds? 

How fungi affect crop or plants 

· The time to apply pesticides is very important when it is too late, pesticide cannot have an effect 
· Crop can be affected by fungicides, fungi has a membrane and plant also  has a membrane and this membrane can be affected 
· Fungi are very small, you need to know which fungi is present by using a microscope in order to apply the correct fungicide otherwise you can apply the wrong one 
· Yellow or black color is an indicator that the plant has been contaminated by fungi 
· Once you see the infection, you cannot use the fruits anymore because the hall inside is affected. The reproduction is the last step 

Examples of fungi infections 



· Fusarium oxysporum:  is an anamorphic fungus that contains 25 forma specialis (f. sp.) pathogenic variants, and many nonpathogenic forms.
·  It has been studied primarily because of its pathogenic ability on plants like tomato, Panama wilt, and head scab of wheat. 

· Gray mold (botrytis): on bean pod  and strawberry 

· blue mold affecting apple  and Fusarium dry rot of potato are Post-harvest diseases that can cause extensive losses 

Mode of action of fungi 

· Rest and overwintering phase: Fungi produce spores, spores are not effective if the climate is not good and they remain inactive. Primary sources are inoculums infected seeds, ill plants, infected soil. 
· Incubation and the development of the pathogen: The spores make contact with the crop and grow when the climate is good, Spores germinate and penetrate in the host plant, vectors inject the virus
· Infection:  the plant is infected when they reach inside,  Latent period, Pathogen grows and reproduces in plant 
· Disease: at the end the you see the symptoms, appearance of symptoms which is the change in color  
· Pathogen reproduction: reproduction is the last stage and they produce spores   
· Spread :the spores are taken away by the wind, the spores can stay in environment for long time 
· The damage of plants by fungi passes through different stages that can be categorized as follows:
· Inoculation or the establishment of contact between the parasite and the host plant. 
·  Infection or the process during which the conditions for a stable parasite-host plant relation are fulfilled 
· Incubation: the period between the plant penetration by the fungus and the appearance of the first symptoms. 

· Once inside the plant either fungi are at the surface or in the cuticular or goes deep in the cell based on which kind of fungi. Some patterns of pathogenic invasion of plant tissues include: 
· Sub-cuticular 
· epiphytic with haustoria 
· intracellular 
· intercellular 
· intercellular with haustoria 
· vascular 

What are the types of fungicides used?

· Depending on the mode of the action, some fungicide has the preventive activity, Curative activity and Eradicative activity.
· Preventive fungicides: protect the plant from infection by fungi: these fungicides thus have to be applied before infection.  There require contact action , prevent spore germination and infection
· E.g. contact and systemic fungicides. Chlorthalonil, it is applied when the fungi are not yet entering the plant and is against spore contact and has a preventive activity.
· Curative fungicides: can stop the development of the fungus after infection. Kill mycelium and fruiting bodies within the leaf. Only systemic fungicides. Have  the protectant and therapeutic activity 
· Protectant: fungicidal activity which results from residues on the leaf surface.  Protective fungicide kills germinating spores, multiple points action 
e.g. Boscalid : applied when fungi has entered the plant, when there is infection is an example of protectant pesticide  
· Curative (therapeutic) activity: results from penetration into the leaf surface. Curative fungicides include the penetrant fungicides. They have some “curative” ability , fight for main fungus in plant but in doing so the active ingredient  used is no longer available for further work 

e.g. Epoxiconazol: used when there is mycelium growth of the fungi is an example of a curative fungicide

· If you want to protect the plant in all stages you need to mix all of the types of fungicide , mix the preventive fungicides and curative pesticides for example mix Boscalid + Epoxiconazol 

Difference between Systemic and contact product 
 
Contact / non systemic products 

· Minimal redistribution from the point of deposition, Adequate coverage is essential 
· Droplets spread out on the surface where deposited; do not move inside 
· if No chemical,  no protection, Leaves produced after the application are not protected 

· deposited on the cuticle and works by contact with the fungus
· Redistributed washed off by water 
· E.g. EBDCs, Chlorothalanil. 


Local Systemic 


· Local redistribution from the point of deposition, droplets spread out on and moves inside leaf tissue, there is external and internal protection of the leaf.
·  No chemical, no protection , Leaves produced after the application are not protected 
· Deposited on the cuticle, through the leaf (translaminar) and extent is variable 
Limited systemic (acropetal penetrant) 

· Good movement from the point of application
· Droplets spread out on and move inside leaf tissue there is external and internal protection
· Move through tissues , Inside the vasculature, Bulk movement 
· No chemical , the plant rely on fungicide via xylem
· Fungicide on the stem moves upwards in the xylem to new growth, Leaves produced after the application are protected 
· E.g. DMIs, Phenylamides 
True Systemics (Basipetal penetrant) 

· single point of action and prevent new infection, Only one fungicide 
· Moves through plant  , Down into roots, can move in all direction of plant 
· Good against soil-borne oomycetes 
· E.g. Fosetyl-Al 

Non-systemic/Multi-Site 
· Protectant only , are preventive and are applied until 7 days before inoculation, after 7 days of inoculation you cannot use them
· Can wash off 
· Shorter application intervals 
· Broad spectrum 
· Low Risk of Resistance, fungi are not having a defense system to resist against contact fungicide. 

Systemic/Single Site 
· Protectant and curative, some curative stops further grow of the fungi.  
· From the moment the fungus has already penetrated in plant, the only possible way to treat is the use of systemic product because they can penetrate. 
· Less prone to washing off, they enter the plant and give longer protection; they are not in contact of the sun and rain when inside the plant.
· Longer application intervals.  are applied until 14 days before inoculation
· Selective 
· High Risk of Resistance, Fungi can develop resistant to the systemic fungicides 

Interaction pathogen/plant 
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· Direct action of substance on fungus

· fungitoxic
· fungistatic
· inhibitor
·  sporulation

· Effect of substance on plant 
· phytotoxicity
·  Increase of plant resistance 

· Effect of fungus on substance 
· absorption
· accumulation
· degradation 

· Effect of fungus on plant 
· pathogenesis

· Effect of plant on substance
· transport
· conversion

· Effect of plant on fungus 

· defense reactions 
· phytoalexins
·  toxins 

· Influencing pathogenity. 

What are other diseases of the plants?  

· Next to fungi, plant diseases can also be caused by bacteria, viruses and not-parasitical diseases (nutrients, water) 
· They look very similar with fungi, you need to know whether it is a fungi or a bacteria, the farmers may not know that it is bacteria and apply fungi 
· E.g. diseases of corn caused by a fungus (northern corn leaf spot) are similar to bacterium (bacterial leaf blight) and virus (maize streak). 
·  Another example is the diseases of bean caused by a fungus (Entyloma leaf smut) are similar with bacterium (bacterial brown spot) and virus (alfalfa mosaic). 
Selectivity of fungi 
· Plants pathogens include protozoa , chromista and fungi
· Different family of fungi 
· chytridiomycota 
· zygomycota
· Ascomycota
· Basidiomycota

· The fungicides commonly used include
· Carboxamides 
· Polyoxins 
· Benzimidazoles 
· Phenylamides 
· They are pathogen specific, they are specific against specific species of fungi
· For the total treatment, the better products to kill all of them is a mixture of all types of fungicides 

Classification of fungicides 

· fungicides with direct mode of action 
· fungicides with indirect mode of action
· bio-fungicide 

Fungicides with direct mode of action 
· Aspecific, multisite action on sulfhydryl-compounds (thiol) 
· dithiocarbamates 
· ftaalimides 
· sulfamides 
· copper compounds 
· chloorthalonil 

· Disruption of the respiratory system (energy production) 
· sulfur 
· dinitrofenolesters 
· organotincompounds 
· carboxamides 
· fenaminosulf 
· strobilurin analoges 
· benzimidazool-sulfonamides 

· Disruption of specific biosynthesis-pathways

· Influencing of membrane permeability 
· Produce enzyme which disturb the structure of the cuticle 
· The fungicide penetrate through the cuticle without passing through the stomata 
· Interference with mitose  
· Unknown actions 

Fungicides with indirect mode of action
· Melanine biosynthesis inhibitors 
· Induction of host plant resistance 
· Anilino-pyrimidines 

Bio-fungicide 

· Bacterial fungicides 
· Antagonistic fungi 

What is the mode of action of fungicide? 

· The mode of action of fungicides is based on the disruption of cell functions (affect metabolism, energy, enzymes); this can happen at the cell surface or in the cell itself. 
· A distinction between direct and indirect mode of action can be made. 
· The direct mode of action means interference with one or more cell components, which result in:
· Disruption of metabolic processes. Specifically, the respiration can be inhibited or the biosynthesis of proteins, RNA, DNA, chitin, ergosterol
· Influencing the membrane structure can lead to changes in cell permeability and eventually to cell death. 
· Finally the fungicide can also directly inhibit mitose and cell division. 
· The direct mode of action intends to increase the resistance of the plant under influence of the fungicide. 
· Natural repelling substances, growth changes or closing of the stomata can prevent penetration or formation of spore carriers on the plant.
· Pathogenicity can also be influenced. There is then for instance no formation of infectial structures or pathogenic activity of fungal enzymes is inhibited or decreased. 

Categories of fungicides based on mode of action 

· Metabolic Inhibitors 
· Plant activators 
· Bio-fungicides 

Metabolic inhibitors:  their major physiological modes of action can be classified into four broad groups and include Inhibitors of electron transport chain, Inhibitors of enzymes, Inhibitors of nucleic acid metabolism and protein synthesis, Inhibitors of sterol synthesis. They can be either: 
Multi-site Inhibitors 
· A very large class of fungicides that are generally “older” fungicides, Affect multiple metabolic processes 
· EBDCs , Chlorothalanil , Copper++ , sulfur, oil 
Single-site Inhibitors 

· Ergosterol Biosynthesis Inhibitors: Act on the membrane and Inhibit the production of choresterol, ergosterol, phytosterols by the following process:demethylation, reductase, isomerization, ketoreductance. 
· C-14 demethylation inhibitors 
· membrane functioning: affect membrane function
· Pimaricin 
· Chitin cynthesis : act on the cell wall and inhibit chitin production and affect membrane functioning 
· Polyoxins  
· Amino Acid and Protein Synthesis:  act on the ribosome and inhibit protein production 
· Anilinopyrimidines 
· Kasugamycin
· Sterol Biosynthesis 
· DMIs 
· Respiration (MET complex III) 
· Qois 
· Respiration (MET complex II): act on mitochondria and inhibit energy production 
· Carboxins 
· Osmoregulation (unknown) 
· Phenylpyrroles 
· Lipid Biosynthesis 
· Sub. Aromatic Hydrocarbons 
· Dicarboxymides 
· mRNA Synthesis : act on nucleus and inhibit nucleic acid synthesis 
· Phenylamides 
· Nuclear Division : act on nucleus and inhibit mitosis 
· Benzimidazoles 

Plant activators 

· In contrast to conventional fungicides, plant activators have no direct effect on pathogens. 
· Plants make resistance themselves; plant activators induce plants to produce natural disease-fighting compounds.  
· Induction of systemic acquired resistance: compounds that make plant producing its own defense or produce the fungicide 
Bio-fungicides 

2 types: 

· Bio-Fungicides-Trichoderma spp. 
· Bio-Fungicides - Bacterial Agents

Bio-Fungicides-Trichoderma spp. 

· Species of Trichoderma are common in soil and decaying plant materials , they are fast-growing sporulating filaments 
· Trichoderma species are strongly antagonistic to other fungi. Appears to kill other fungi with a toxin and lytic enzymes. Can be serious pests in cultivated mushroom beds.

Bio-Fungicides - Bacterial Agents
 
· Sources of biological control bacteria 
· Suppressive soils 
· On aerial plant parts (epiphytes, phylloplane) 
· On root surfaces (epiphytes, rhizoplane) 
· Colonizing plant pathogens (hyperparasites) 
· Plant disease causing bacteria (phytopathogens) 
· Bacillus subtilis 
· Streptomyces griseoviridis 
· Pseudomonas syringae 
· Pseudomonas fluorescens 
· Burkholderia cepacia 

What are herbicides and related compounds? 

Use of herbicides 

· Herbicides are chemicals (phytocides) against weeds. Weeds are plants that are unwanted on the place where they occur. 
· Total herbicides are used to kill all occurring plants 
· Selective herbicides control the weeds but spare the crops. We want to kill the plant in a plant.
· The selectivity is based on properties of the product and plant species, but also on the dose, application method, application time and formulation 

What are Weeds and effects on plant, their different development stages, classification based on stages and leaves 

Weeds and their effect on other plants  

· Weeds are plants that are unwanted on the place where they occur
· Compete with desirable plants for water, nutrients, light and space 
· Contaminate crop at harvest 
· Harbor pest insects, mites, vertebrates or plant disease agents 
· Release toxins in the soil which may inhibit crop growth 

Different development stages of weeds 

· Seedling :  small, vulnerable plants 
· Vegetative : rapid growth and production of stems, roots and foliage 
· Seed production : energy is directed toward the production of seed 
· Maturity : little or no energy production 

Classification based on development stages 

· Weeds – Annual Plants 
· Complete all four stages of growth in one year
· There are many annual weeds, including pigweed, crabgrass, lambs quarters, morning glory, cocklebur and henbit 
· Weeds – Biennial Plants 
· Complete the seedling and vegetative stages of growth in first year; seed production and maturity stages are completed in second year 
· Common biennial weed is wild carrot (also known as Queen Anne’s lace) 
· Weeds – Perennial Plants 
· May or may not complete all four stages of growth in first year, then repeat vegetative, seed and maturity stages for several more years 
· Seed production and maturity stages may be delayed for several years 
· Examples: Johnson grass, Bermuda grass, pokeweed 
Classification based on leaves 

· narrow upright leaves  weeds 
· Have only one leaf as they emerge from seed
· Leaves are narrow and upright with parallel veins
· Examples are Johnson-grass and crabgrass 
· Broad leaves 
· Have two leaves as they emerge from seed 
· Leaves broad with netted veins 
· Usually have taproot and coarse root system
· Examples: pigweed, cocklebur, dandelion and poison ivy 
What are the weeds control methods? 

· Cultivation: traditional weed control method; may increase erosion, spread weeds/diseases 
· Planting timing: planting date delayed to avoid or remove weeds. It is better to let the weed grow before the planting and remove them and cultivate after. 
· Mulching : keeps light from weed seedlings
· Mowing : often used in orchards; prevents erosion, manual or mechanical removal is good method 
· Others:  nurse crops, fire and flooding (in rice) 
Selectivity in weed control 

Selectivity-factors affecting weed control 

· Growing points: contact herbicides do not reach those sheathed or below soil surface. 
· Leaf shape: herbicides run off of narrow upright leaves; held by broad, flat leaves. It is difficult to apply herbicides on monocotyledon because the herbicide drops down very easily due to the angle of the leaves. 
· Wax and cuticle: thick wax/cuticle layer prevents herbicide entry; waxy surface forms droplets which run off leaves 
· Leaf hairs: dense layer hold droplets away from leaf; thin layer holds herbicide longer 
· Plant size and age: young, rapidly-growing plants more susceptible to herbicides. 
· Deactivation: certain plants can deactivate herbicides and are less susceptible; basis for herbicide selectivity, can cause resistance 
· Plant life cycle: seedlings very susceptible to most weed control methods; vegetative and early bud stages susceptible to trans-located herbicides; timing important. Plant life cycle is very important in application of herbicides, you have to avoid the moment of seed production. The good thing is to stop the step of seed production 
Selectivity-herbicides characteristics 
· Persistent: herbicide remains for weeks or months. 
· Non-persistent: herbicide remains for hours or days
· Pre-plant incorporated (PPI): herbicide application made prior to planting and mixed into the soil. The pesticides can give problem due to the mobility, they stay in soil for long time 
· Pre-emergence: herbicide is applied after planting, but prior to crop and, generally, weed emergence. 
· Post-emergence: herbicide application occurs after crop emergence (also can refer to after weed emergence).  
· Foliage-absorbed: herbicide kills all foliage contacted 
· Root-absorbed: herbicide is applied to the soil. Herbicide should not be mobile in soil. You need to wait the time the herbicide is no longer in soil and then you apply the crop.  
· Contact: herbicide must be applied directly to weeds, little or no movement to underground or shaded part of weed 
· Translocated: herbicide is absorbed and moves throughout the living portion of the plant (weed).
· Upward transport by phloem and downward transport by xylem.  
· Contact herbicide cannot trans-located in plant.
· Xylem mobile herbicides move upwards, herbicides should be water soluble to be transported upward.
· Phloem mobile herbicides move downwards in plant. You can apply herbicide on the leave  and move downward to kill the roots
· Selective: differences between plant and weed (foliar characteristics, deactivation) makes herbicide selective 
· Nonselective: herbicide kills most plants, must be applied in absence of desirable plants 

Selectivity by positioning 

· Influence of time between application and emergence of weed. 
· Weeds emerging at different times difficult to fight with after-emergence herbicides 
· Late weeds escape from less persistent  herbicide treatments 
· Influence of the spatial distribution of plants 
· Target treatment or full field treatment 
· Mobility of herbicide. 
· Place where you apply 
· Plant-life cycle
· The rain prevent the pesticide to be powerful and can prevent the effect on pesticide on plant 
· Uptake of herbicide by plant 
· Absorption through the root
· Uptake by seedling.  


Selectivity - Synergist vs. Safener 

· Some plant has the detoxification enzymes that can prevent the pesticides to be active. There can be a transformation of pro-pesticide to pesticide 
· Safener : the detoxification change the active pesticide to inactive leading to the survival of the plant 
· Synergist: the pesticide and the enzyme work together  to improve the activity which leads to killing of the weed


What is the Classification of herbicides 

Classification based on the mode of action 

The organic herbicides are a collection of about 200 active substances that can be categorized according to their biochemical mode of action and chemical structure. Following mode of actions can be distinguished: 
· Influence on photosynthesis 
·  Inhibition of lipid biosynthesis 
· Inhibition of amino acid biosynthesis 
· Mimetica auxines 
· Inhibition of tetrapyrrol biosynthesis 
· Disruption of formation of microtubuli 
· Inhibition of carotene biosynthesis 
· Inhibition of folate biosynthesis 
· Disruption of oxydative fosforylation 
· Not specific chlooracetanilides 
· Unknown 


Mode of action influence on photosynthesis 
· Act on the photosynthesis I and photosynthesis II
· Inhibition PS I : paraquat, diquat. Paraquant is a contact herbicides , it is forbidden in Belgium, it is toxic to human. 
· Inhibition PS II : ureumverbindingen (diuron), carbamaten (fenmedifam), triazinen-triazinolen (atrazin) : atrazin is forbidden in Europe because it is a contaminant in drinking water 
· Symptoms :Photosynthesis-inhibitors 
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· For this plant above the herbicides was applied when plants was small and the dose was not enough to kill the crop, that is why the leaves which comes first are affected and other leaves that comes after are not affected there is only a knock down effect. 
· You have to apply several time because sometimes the root remains in plants and can grow again 

Mode of action: Pigment inhibiting herbicide
· e.g. Evital (norflurazon) 
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Mode of action: DNA - Root formation inhibition 
·  e.g. pendimethalin 
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Mode of action membrane destruction  

· E.g. paraquat 
· Paraquat is used as a quaternary ammonium herbicide, one of the most widely used herbicides in the world. It is quick-acting, non-selective, and kills green plant tissue on contact. It is redistributed within the plant, but does not harm mature bark. 
· The key characteristics that distinguish the non-selective contact herbicide paraquat from other active ingredients used in plant protection products are: 
· It is non-selective, which means it kills a wide range of annual grasses and broad-leaved weeds and the tops of established perennial weeds. 
·  It is very fast-acting. 
· It is rain-fast within minutes of application. 
· It becomes biologically inactive upon contact with soil. 
· These properties, especially broad-spectrum weed control and inactivation upon contact with soil, made paraquat an essential tool in the development of no-till farming 

Mode of action: Fatty Acid Synthesis-inhibitors 
· E.g. Grass Herbicides 

· Reddening of leaf tissue 
· Discoloration of tissue at and above the nodes
· Tissue and leaves in the leaf whorl can easily be separated from the rest of the plant 
· No broadleaf activity 

Mode of action: Inhibition amino acid biosynthesis 

· E.g. glyphosate 
· Biological activity of glyphosate  is that it inhibit aminoacids biosynthesis,  it take the time to see the action because the effects is manifested  when there is lack of amino acids
· The advantages of using glyphosate is that it is transported downward and it can kill even the connected plants
· Chlorosis followed by necrosis (cowpea) 
· Immediate cessation of growth 
· Stacked nodes (regrowth) 

Mode of action mimetics auxins 

· 2, 4-Dichlorophenoxyacetic acid (usually referred to by its abbreviation, 2, 4-D) is a common systemic pesticide/herbicide used in the control of broadleaf weeds.  2, 4-D is a synthetic auxin, which is a class of plant hormones. 
· It is absorbed through the leaves and is translocated to the meristems of the plant. 
· Uncontrolled, unsustainable growth ensues, causing stem curl-over, leaf withering, and eventual plant death. 
Mode of action: Plant Growth Regulators 

· Growth regulator herbicides upset the normal hormonal balance that regulates processes such as cell division, cell enlargement, protein synthesis, DNA disruptor, cellulose disruptor, photosynthesis by acting on chloroplast, and respiration. 
· E.g. Ethylene: has an incentive effect on leaf fall and inhibitory effect on dormancy.
·  abscisic acid: has an incentive effect on leaf fall and tuber formation  and inhibitory effect on elongation.
· indol-acetic acid: has an incentive effect on elongation and cell multiplication and inhibitory effect on budding and leaf fall.
· Gibberellins: has an incentive effect on elongation and cell multiplication and inhibitory effect on dormancy.
· Cytokinins: has an incentive effect on cell multiplication and inhibitory effect on dormancy.


Classification of herbicides based on agains weeds 

· against  monocotyledons: mostly grasses 
· against dicotyledones 
· against mono- and dicotyledones 

Classification of herbicides based on application time 

· before sowing or planting, after soil preparation 
· pre-emergent: after sowing but before crop emergence  
· post-emergent : when the crop has emerged or has been planted 
· before harvest:  to destruct potatoes leaves 

Pesticides in food assessment 

Why do we have to do a risk assessment? 
 
· Every year the Federal Agency for the Safety of the Food chain (FAVV) checks the fruit and vegetables on the Belgian market. 
· 72% of the samples contains residues, there is a high chance that we consume the pesticides in food 
·  94% of the samples were conforming to the Maximum Residue Level legislation( MRL) 
· 349 different pesticides were found, of which 138 were detected at least once. 
· The pesticide residues that were detected most were mostly fungicides, namely iprodion, boscalid, dithiocarbamates, imazalil, difenoconazole, propamocarb, thiabendazole and cyprodinil. 
· The most important groups of fruit for which an exceeding of the MRL has been determined are exotic fruit (passion fruit), citrus fruit (oranges) and berries and small fruit (currents and strawberries). This is because of the post harvest application of the pesticides on the fruits.  
· The most important groups of vegetables for which an exceeding of the MRL has been determined are fruit vegetables (sweet pepper, pepper, eggplant, melons and lauki (cucumber family), bulbous crops (garlic) and leguminous crops (beans). 
· The residues also were observed in the fruits coming from the third country because they are not in agreement with the European regislation and also the sun or the temperature is high compared to Belgium which has the cold climate 
· There is a dilemma because the consumer does not want pesticide residues in her food  and for the farmers pesticides are  irreplaceable in an  economic rendable  agriculture 
· The farmer use pesticide, get good production and the money and the consumer get the toxic products. 
· There is a need for the good agricultural practice( GAP)
· The use of pesticides for food production or during storage is allowed under the condition that no more pesticide is used than necessary to effectively control the disease/pest or weed 
· The residues of the pesticides are not harmful for human health. 
· Officially appropriate or nationally authorized use of pesticides under normal circumstances necessary for an efficient and reliable control of disease, pest or weed and applied in a way that it leaves the smallest amount of residue possible. 

What is MRL? 

· Is checking if the farmer has applied the correct dose and if has used necessary quantity
·  Is based on residue levels of field experiments that were carried out according to Good Agricultural Practice (GAP) and is today harmonized across Europe 
· is determined to avoid illegal and excessive use of pesticides
·  is normally far beneath the toxicological limit 
· takes into account potential exposure and risk for the consumer with an estimation of the intake
·  An MRL is not a toxicological limit, not health norm  and  not safety norm 
· If an MRL is exceeded, an extra calculation must be carried out to determine whether the toxicological limit has been exceeded. 
Explain how the residues comes into food and how can be reduced 
· The amount of the pesticide residues depend on how these process were performed : 

During application 
· initial deposit, spray pattern, contact/distribution on the leaf during application  
After application 
· Removal mechanisms such as dilution due to growth of the crop; physical removal: rain-off, vaporization, chemical degradation: hydrolysis, photolysis; biological degradation: enzymatic,microbial

During consumption 
· preparation/processing of food 

Explain the toxicity of pesticides 

· A substance is toxic when someone experiences damage after its use. It could be that such a user feels sick, feels itchy or dies. 
· Toxicity is a relative term: the amount determines whether something is toxic. The consumption of a plate filled with salt is deadly for humans, but there is no objection to sprinkle a little bit of salt (moderately) on top of the food. 
· The toxicology or study of poisonous substances, studies the poisonous characteristics of various substances 
· There are two different kinds of toxic action: 
· Direct toxicity or acute toxicity and 
· toxicity on the long term or chronic toxicity
· Paracelsus (1493-1541) : The dose makes the poison
· All pesticides are not toxic, toxicity depends on the type of compound and cannot be generalized 
· 350 pesticides are authorized in Belgium 
Explain the dose-response curve 
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· LD50 mg/kg is the lethal concentration that cause the death of 50% of individuals 
· EC50 is the effect concentration that cause 50% of effect 
· The NEL is obtained by doing an experiment on rats and is equal to the concentration that cause no  effect on the rat
· You have done the test on the animal and to apply to the human we have to divide by a safety factor of 10. 
· If the no Effect Level(NEL) for the rat is 2 mg/kg, for human is 0.2mg/kg 
· A person varies, women, man, a child, an extra safety is needed, and you divide again by a factor of 10. the new NEL becomes 0.02mg/kg 
· To be strict for pregnant woman to protect the children, another factor of 10 is divided and the NEL is 0.002 mg/kg 
· The value of 0.002 mg/kg becomes the acceptable daily intake (ADI) for the chronic toxicity or acute reference dose(ARfD) for acute toxicity

Differentiate the acute toxicity and chronic toxicity 
 
Acute toxicity

· Toxicity is manifested in a short time period, negative outcome are directly observed. The dose response curve can be used. 

· skin: irritation (eyes-nose-throat-arms-hands), swelling, burns 
· eyes: dilatation of pupils, tears, swelling
· Nerve system: muscle cramps, nervosity, headache
· cardiovascular system: cardiac arrest, cardiac arrhythmia 
· Respiration: sneezing, pneumothorax, breathing difficulties
· gastro-intestinal system: vomit, cramps of stomach and intestinal complaints

· Acute toxicity tests on animals gives LD50/LC50 (dose where 50% of the test animals dies) and NOAEL (no observed adverse effect level) . Acute reference dose (ARfD)=  NOAEL/safety factor 
Chronic toxicity 

· The outcome is manifested after long duration and it is difficult to know the cause of the outcome
· carcinogenity or carcinogenic properties  (leukemia, prostate cancer, lung cancer) 
· immunotoxicity 
· endocrine disruptions  (hormone function)
· neurotoxicity (Parkinson) has been attributed to pesticides exposure 
· reprodutive disruptions (teratogenity or chance for congential effects, mutagenity or hereditary abnormalities, aborting effects) 
· allergic reactions 
· The difficulty with chronic effects is that there is no safe dose, as with acute toxicity. It’s not about the dose, but about the time one is exposed to it. 
· Chronic effects therefore appear particularly on people that work with these substances for their profession. 
· Chronic toxicity tests on animals gives LOAEL and NOAEL, NOAEL/safety factor = Acceptable Daily Intake (ADI) 
· There is no relation between ADI and the acute toxicity 
· Chronic toxicity is especially cause by: 
· organochlor insecticides (DDT, lindaan, aldrin, dieldrin, endosulfan) 
· organophosphor insecticides (dichloorvos, malathion, parathion, chloorpyrifos) 
· pyrethroïds (pyrethrine, cypermethrin, deltamethrin, cyhalothrin) 
· carbamates (thiram, ziram, maneb, zineb, metam-natrium) 

Explain the risk evaluation 

· Risk-quotient = Exposure / Danger 

· Exposure is the Residue in food (consumption) : Diet studies , models (Consexpo) 
· Danger is the toxicity : NOAEL,  ARfD, ADI, oncogenicity , estrogenic effects 

· Two basic principles for the risk-evaluation of residues in food (WHO, FAO, 1962) 
· residues in the food : residues obtained by good agricultural practice 
· total daily intake by human : amount that is regarded as safe under lifetime consumption
· residue determination : Sampling/sub sampling, Extraction ,  Purification ,  Analysis and  Reporting 


Sampling and variability 

· Sampling in the field is different from sampling on the market. Sampling on the market is when you want to check the pesticide residues but sampling in the field is to check the good agriculture practice.
·  Variability 
· Variability in the surface coverage: The concentration at the top of the tree is different from the concentration at the bottom of the tree, to determine the total concentration you have to take samples at the bottom and at the top of the trees.   you pick the samples in all sides of the tree, bottom, top, right and left when you are sampling to get the representative sampling.  
· Variability in splaying: There is variability when you spray the pesticides; upwards spraying is different from the downward spraying. Upward spraying will spray more at the bottom and less at the top, while the downward spraying will results in high spraying at top and less in the bottom 
· Variability in samples: strawberries will be different from the table grapes:  The variation also results from the fact that In the case of strawberries is hand-picked and put in the final packaging on the field. In the warehouse: controlling, packing (covering) and storing. Strawberries come from the fruit that the harvester has immediately put in a box directly in the field. This comes from 3-6 strawberry plants.
· Variability in sampling: sampling is a problem, how do you take samples from the market in the bucket, sample in the top of the bucket is different from the bottom, and one market is different from another market.  
· The variability is also in the measurement due to uncertainty in the measurement 
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· Because of this variability in sampling, handling, storing, preparation of samples the deviation of 50% is allowed. 
· The variability is from the application method, rain or dry season, transport and packaging, processing 
· A certified lab is required, for the control sample split in 2 parts. The remaining part can be used for another experiment to avoid going taking sample again in the case the experiment does not give good results 
· There will be a variability also within different lab 
· Deciding the MRL depends on the policy and legislation. 
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· Impact of the preparation process 
· Cooking, washing, stewing and peeling have an impact in reducing the residues. 
· Washing is does not remove too much pesticides because the rain would have removed if it was easy for the water to remove pesticide 
· Certain process, the water content is disappearing and contributes to increase in pesticides because they are not water soluble and they are not volatile, if the water evaporates they will be concentrated. 
· You cannot break pesticides by processing but the movement from one place to another 
· Contact product stays on leaf surface and can be  largely removed by washing and peeling 
· Systemic:  there is  uptake of product in the plant and can be removed by steaming and cooking 
· Note: recent research does not provide a clear difference between contact/systemic 
Determination of MRL 

· MRL’s are presented based on agricultural practice (GAP) and not based on toxicology
· Steps: 
· Demand for authorization of PPP 
· Analysis of Residue: fields trials are conducted according to GAP, residues in food commodities are analyzed at the harvest and after any processing. Replicates trials are analyzed to account for the variability  
· Agricultural evaluation:  Identifying critical GAP, Calculation and MRL’s, MRL recommended accounting for range of data: ND, ND, ND, 0.1, 0.1, 0.2, 0.5, and 0.8. 
· Risk-evaluation for consumer : Chronic , Acute
· Risk-management 


· Critical GAP is Good Agricultural Practice leaving most residues on the crop. Critical GAP is determined separately for each European zone (north, central, south and covered). Import parameters: 
· Pre harvest interval or last application date
· Application dose 
· Number of applications 

· The MRL is calculated based on the results of residues field trials (simple statistical methods are applied). 
· Apply pesticides on a crop, apply 8 times and analyze pesticide residues and get the result of 8 field residue trials for each zone. Small crops: 4 field residue trials for each zone. Residue field trials have to be done according to the critical GAP of the zone
· You rank the results from high value to low value and the highest amount is rounded and is the MRL
· MRL in mg/kg crop is determined from the field experiment and how much you eat per crop is determined by the laboratory experiment. 

· Extrapolation possibility 
· To avoid unnecessary field trials, results of residue tests can be extrapolated from one crop to another crop. 

· The extrapolation follows a strict guideline 
· The GAP has to be the same 
· E.g. 8 field trials with a late application on apple or pear (at least for trials on apples): extrapolation is possible to all pit fruit 
· 4 field trials with a late application on raspberries: extrapolation possible to boysenberries 
· Risk evaluation for the consumers is based on :

· Exposure: Assessment based on MRL and consumption (chronic, acute), 
· Danger : Toxicological Properties (ADI, ARfD)
· Risk-quotient = Exposure / Danger 
· When exposure is less than the danger, the risk is Acceptable and when Exposure is higher than the danger , the risk is not  acceptable 
· MRL * consumption = TMDI 
· TMDI/ADI * 100 = %ADI 
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· Risk management 

· In case Chron. exposure is less than ADI and acute exposure is less than ARfD, the risk is acceptable; MRL is officially accepted, Additional authorization after fixing MRL 
· In case Chron. exposure is higher than ADI  or Acute exposure is higher than ARfD, the risk is unacceptable 
· MRL is not officially accepted 
· Additional authorization is not awarded 

Explain the food barometer

· Zone 1: MRL: maximum Residue Level, the maximum amount of residue that is legally permitted in food. MRL compliance, legal for trade, safe for human health, the vast majority of samples fall in this range. Residue are typically  below the MRL in this range 
· Zone 2: ADI: acceptable daily intake, the estimated amount of a substance in food that can be ingested daily over a life time by humans without appreciable health risks. ARfD: acute reference dose, the estimated amount of substance in food, which can be ingested in a single meal by humans without appreciable health risks.  MRL exceedance, not legal for trade but safe for human health, case by case analysis and steps to ensure future compliance with MRLs should be undertaken 
· Zone 3: NOAEL, no observable Adverse Effect Level, the greatest concentration of the substance that causes no detectable adverse changes to morphology, functional capacity, growth, development or lifespan. ADI and ARfD are exceeded, there may be a human health concern, given the safety margins, case by case assessment is appropriate and if necessary steps preventing the sale of the  crop should be taken, a factor of at least 100 is applied between NOAEL and ADI/ARfD
· Zone4: LOAEL: lowest observable adverse effect level, a level similar to NOAEL, but where an effect can be observed, NOAEL is exceeded, meaning there is human health concern, immediate steps to prevent the sale of the  crop should be taken


Explain the MRL European union regulation 

· Regulation (EC) 396/2005  All MRLs for pesticides set at the European level 
· Consumers : Common protection across Europe  (risk assessment carried out by EFSA)
· Governments : Administrative simplification  (direct applicability of MRLs) 
· Crop protection industries : Single and transparent MRL setting process 
· Farmers, food processors and food retailers 
· Clarity: Single legal text 
·  Removal of trade barriers: Complete harmonization of EU MRLs  and Integration of international standards in EU legislation (Codex Alimentarius) 

Explain the European Union database and its advantages

· Overview of all MRL’s that are in Belgium and EU
· Allows traders and importers to do business without confusion by dealing with 27 separate lists of national MRLs 
Explain the international harmonization of MRL and the codex alimentarius  

· Codex alimentarius is the world food code, or codex MRL, it was introduced by the codex alimentarius commission in 1963. 
· More than 165 countries are members
· It has the mission of protection fair trade and the consumer health, promote worldwide coordination of food standards and develop voluntary international standards. 
· Supported by various committee such as Codex committee on  pesticides residues(CCPR)
· Recommends codex MRLS for pesticides
· Consensus, harmonized, based on critical GAP 

[image: ]

· World - MRLs vary by country 
· Growers produce fruits and vegetables for both domestic and export markets. 
· At one time, registration of a chemical within the country of origin was accepted as evidence of acceptability in the importing country. 
· CODEX was an attempt to harmonize MRLs for international trade 
· However, many countries have now developed their own MRL standards. 
World - Why the different MRLs 
· Countries often do NOT have the same crops or registered pesticides. 
· Tolerances for a particular pesticide may not have been submitted to a particular country. 
· A tolerance submission may have been made but not yet approved. 
· A tolerance may have been submitted but approved at a lower MRL: Different use directions in the two countries.  One country counts only the parent compound, while the other counts the parent plus metabolites in setting the MRL. Standards for evaluating the compound in place at the time of registration. 

Impact of disharmony within MRL system 

· Creation of a non tariff trade barriers and of trade irritants 
· Retarded adoption by growers of newer, reduced risk products 
· Decreased  consumer confidence in food safety and regulatory oversight 


MRLs change frequently
 
· Throughout the season, residue tolerances for various compounds are added, removed, or otherwise adjusted for both domestic and export markets. 
· It is vital that growers and shippers check available resources frequently for any changes in MRLs for their desired market(s). 
· Excellent sources for such information are: 
· MRL database
· Postharvest website 
Buyer requirements 

· Even more confusing can be individual buyer residue tolerances that are more restrictive than country MRLs. 
· These include food processors. Such tolerances are not widely distributed, but must be obtained through communication directly with the buyer. 
· Close and frequent communication with buyers is essential. 

Describe the long way from the animal test to MRL 

1. Hazard characterization: identifying the toxicity. To check whether there is a hazard or whether there is zero effect, you have to do a laboratory experiment for toxicity test, the effect may be acute and manifested after short time or the chronic which manifested after a long time.   
2. Hazard identification: if the effect is there, we need a no effect level concentration (NEL) which is the concentration that cannot cause the effect  
3. Risk identification: for safety we need to have (ADI) for chronic and (ARfD) for acute, and AOEL, which is exposure during application (AOEL: acceptable observed effect level) 
4. Risk management: we need to have efficiency in risk control, set the national MRL by based on GAP and consumption 
5. Risk harmonization: MRL- EU, for the safe trade, considering that there is variable lab method at national level and we need to harmonize.  
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Explain the low residue cropping is reached 
· Growth of private standards which increase the importance of food chain policies and rules for agricultural practices by:  
· Certification systems :e.g. EUREPGAP, for helping exporters meet legal standards 
· Private lists of approved and non approved products ( red vs yellow vs green)
· Policies for residues which override legal standards like adoption of ½ or 1/3 of MRL limit 
· EU-MRL food safety point of view 
· From the no observed effect level a factor of 100 should be considered to derive max MRL s
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Explain the food safety problem situations 


Common mechanism of activity 

· MRL’s per kind of vegetable or fruit 
· Lettuce+ tomato + leek + cabbage + …
· acetylcholinesterase-inhibitors 
· apples: 0,5 mg/kg parathion + 0,5 mg/kg chloorpyrifos + 0,5 mg/kg diazinon + 0,5 mg/kg ethion + 3 mg/kg propoxur + 1 mg/kg pirimicarb + … = ca. 10 mg/kg 
Cumulative exposure  
· A cumulative assessment group is a group of pesticides that may contribute to a common effect, by a common mode of action or a different one. 
· Exposure: 2 approach in modeling exposure
· Actual exposure: due to usage that actually occurs in practice 
· Theoretical exposure: where the residue of pesticide is at the level of the maximum limit 
· How to deal with: 
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Aggregate pesticide exposure

· Food: 75 - 100% 
· Drinking water: 0 – 2% 
· Air: 0 – 1% 
· Contaminated surfaces: 
· Playing children 0 – 20% 
· Worker at harvest 1 - 10% 
· Application exposure: 
· Loan sprayer, farmer: 1 - 20% 
· Biocides (aerosol ): 1 - 10% 
Aggregate exposure 
· Aggregate risk: is a risk associated with all pathways and root of exposure to a single pesticide 
· Exposure: The dominant route of exposure differ between pesticides or classes, one individual can be exposed to one pesticide via different combinations of pathways and routes 
· How to deal with: identifying possible additive or synergistic effects and developing a strategy for refinement of cumulative assessment  group

Risk cup- approach 

· simultaneous exposure to other chemicals: medicines , dietary supplement , environmental contaminants (PCBs, dioxins) , solvents , detergents 


Acute RfD versus ADI

· ADI  is yearly mean intake 
· mushrooms = 2 g/day , but: 1 portion = 50 à 100 g , variability distribution over a lot: factor x10 
· ARfD = Risk per Portion 
· Little boy, Large consumer 
· f(diet): big amounts = big intake , f(edible part processing) : pealing, cooking, f(variability) : “hot appel”-effect 
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Vulnerable population groups 

· Young, Old, Pregnant, Immunodeficient 
· extra safety factor 
· 97.5 percentile consumption figures 
· Detection limit of 10 ppb 
· other behavior, physique, eating pattern 

Cancer risk evaluation 

· not Based on experimental data 
· Uncertainty with extrapolation animal to human 
· No pesticide of class A is authorized for use 
· Consequence: some deny carcinogenic effects
· Assessment too careful 
· What with combination of different substances 
· Traditionally, cancer was thought to follow a linear curve. Today some cancers have been observed to follow also a non-linear dose response curve: no safe exposure limit value can be easily stated. 

Pseudo-oestrogenic effects 

· Some pesticides 
· Also other contaminants 
· Adjuvant: surfactants 
· Softeners, etc 
· Also natural substances 
· No clarity yet 
· So: risk cup approach 

Science versus public opinion 
· Zero-risk 
Exposure= 0 or danger= 0 
· Acceptable risk 
· Limited exposure via standards on residue contents
· Limited danger via strict authorization 
· Precautionary principle (better safe than sorry) 
· Unknown consequences 
· Uncertain scientific knowledge 
· Political climate and public opinion 
· Risk perception 

· f(individual) 
· f(group) : business, young people, green people 
· f(time) 
· f(public opinion) : new vs. routine;  natural vs. synthetic , voluntary vs. involuntary 

Analyses results
· limited useful information in residues looked for in analysis or residues of pesticides applied  
· the analysis report with unnecessary and useful information for residues 
· missed residues in the monitoring 
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· The sensitivity of an analytical method is expressed as: 
· A qualitative value = Limit of detection (LOD) 
· A quantitative value = Limit of Quantification (LOQ) 
· A reporting value = Limit of Reporting (LOR) 
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· LOQ differences with one analytical method for different compounds 
· LOQ difference with different analytical method 
· Thiabendazole lettuce detection with HPLC UV: Concentration 100 ppb, S/N = 6 , LOQ =100 ppb 
· Thiabendazole lettuce  detection with LC-MSMS multi-method : Concentration 100 ppb , S/N = 202, LOQ = 3 ppb 

· LOQ different in multi residue method and in single residue method of the same molecule. 
· LC-MSMS single method : Conc: 100 ppb , S/N: 633 , LOQ = 1 ppb 
· LC-MSMS multi-method : Conc: 100 ppb , S/N = 200 , LOQ = 3 ppb 
· In a multi residue-method : Extraction method appropriate for a lot of compounds to be detected , the measurement technique appropriate for a lot of compounds , equipment optimized to detect a lot of compounds simultaneous 
· In a single component method : Extraction method optimized for one compound , Optimal measurement technique for one compound , Equipment optimized to detect one molecule 

Variability within individual unit in the sample  and variability in the sample 

Individual unit 

· Individual unit < 25 g , 
· Berries, pea, spinach, bean. 1 portion = collection= mixture sample
· Individual unit > 25 g  
· Individual unit less than 250 g: melon, cabbage. 1 portion = part of a unit 
· Individual unit higher than 250 g: apple, banana, citrus. 1 portion = 1 unit 
Variability in the sample 
· Field application factors 
· Spraying device, spraying nozzle, dose, formulation, frequency 
· Crop factors 
· Culture system, row distance, shape 
· Environmental factors 
· soil, temperature 
· Removal factors during cropping 
· physicochemical: hydrolysis, photodegradation, 
· mechanical: rain-off 
· biological: systemic, dilution due to growth 
· Factors of post-harvest effects 
· effect of sorting (size, quality) 
· effect of merging different lots to a new mixture-lot (truck, container) which becomes a new sampling object 
· Analytical factors during treatment 
· Sub sampling 
· extraction 
· clean up procedure 
· determination procedure 


Conclusion 

· MRL is not a toxicity it is based on the field trials, An MRL is first calculated based on the agricultural practice and subsequently it is checked whether this MRL means a danger for public health. 
· MRLs can differ depending of the climatic region where the pesticide is used. In a hot climate, the farmers will apply more pesticides and ends up with high MRL. 
· Exceeding an MRL does not mean that you have always a danger for public health. 
· When an MRL means an unacceptable risk for the consumer, it cannot be lowered. The complete agricultural application needs to be reconsidered.
Explain the exposure to pesticides 
· Occupational exposure: amount you are exposed when you are applying, manufacturing, green house working, mixing-loading, application, harvesting and  handling 
· Bystanders exposure : home exposure( families), serial drift 
· General population exposure: through water, food and air 
· Poisoning exposure: accidental suicidal 
· Considering that exposure can before, during and after application, 4 different groups:
· Operators (professional or amateur)
· Workers
· Residents
· Bystanders
· Residents are exposed more highly than bystanders
· Operators exposure:
· Preparation of spray solution (mixing/loading)
· Application
· Repair and maintenance of spraying equipment 
· E.g. Preparation and application is done by operator
· Workers exposure:
· Presence in area that has been treated with PPP
· Handling of crop that has been treated with PPP 
· E.g. harvest is done by workers 
· Bystanders exposure :
· Persons located in or next to area where PPP application is taking place
· Residents exposure :
· Persons who live or work next to area that has been treated with a PPP
· Their presence is casual and nor related to the application of pesticides.
· They don’t take precautions to avoid exposure. 
· Special attention for young, old , pregnant and immunodeficient 
· One person can belong to different  groups.
· Also exposure by food:  accumulated exposure
Discuss the routes of exposure of pesticides 
· Oral (ingestion): mostly accidental, usually negligible.  
· Respiratory (inhalation): important for closed environments (greenhouse), some pesticides are not volatile and inhalation exposure is not important.
· Dermal : most important route, mostly on hands and arms 
· Skin contact (external) 
· Absorption (internal) 

What are Factors influencing exposure 

· Formulation type: 
· Liquids: mainly dermal 
· Wettable Powder (solid): mainly inhalation 
· Granules (solid): reduces dermal and inhalation exposure 
· The bigger the spraying particles, the less the dermal intake 
· Personal Protective Equipment (PPE): 
· Reduces exposure (when properly used) For both dermal and inhalation exposure 
· E.g. long rubber gloves, water proof hat, goggles, face shield, respirator, long pants over boots , rubber boots
· Application method 
· Manual, mechanical or automated 
· Downwards or upwards 
· Other factors: 
· Experience 
· Training 
· Dose 
· Environmental conditions 
Explain the risk classification 
· Purpose: range of risk in order of danger 
· Criteria based on acute toxicity values and expressed as LD50 in mg/kg/BW or LC50 in mg/L/ BW 
· Does not take into account exposure (how and how much) and is not suited for risk-evaluation
· There is a GHS = Globally Harmonized System of Classification and Labelling of Chemicals



	GHS category 
	Criteria 

	
	Oral 
LD50  (mg/kg BW) 
	Dermal 
LD50  (mg/kg BW) 
	Respiratory 
LC50 (mg/L) 

	Category 1 
	< 5 
	< 50 
	< 0,5 

	Category 2 
	5 – 50 
	50 – 200 
	0,5 – 2,0 

	Category 3 
	50 – 300 
	200 – 1000 
	2,0 – 10 

	Category 4 
	300 – 2000 
	1000 – 2000 
	10 – 20 

	Category 5 
	2000 – 5000 
	2000 – 5000 
	> 20 




Explain what is AOEL 

· AOEL  is  an acceptable operator exposure level AOEL = NOAEL x CF , it is Expressed in mg/kg BW/d 
· NOAEL: No Observable Adverse Effect Level obtained from Toxicity tests on animals 
· CF: Correction factor, default factor 100: factor of 10 for interspecies variability and factor of 10 for intraspecies variability which gives 100. 
· Correction factor depends on expert judgment. Also correction possible for: exposure style, quality and quantity data and period of exposure

Explain what is risk evaluation 

· the exposure assessment by using studies or models  gives the exposure value 
·  the dose response  assessment gives AOEL 
· Risk assessment: comparison of exposure value with AOEL 
· If the exposure is higher than AOEL, there is lisk, id the exposure is less than the AOEL, there is no risk 
· In general the assessment of risk to the user and the worker consists in great lines of three aspects:
· The determination of acceptable exposure for the health for user/worker. This happens with available toxicological data. The relevant routes of exposure (oral, dermal, inhalation) are observed
· An estimation of the actual exposure through various relevant routes. This shall be done initially with generic exposure models.
· Comparison of the permitted burdening of health to the estimated or measured exposure. Looking if the exposure, whether or not using prescript protection measures, remains acceptable and under the limit of health burdening.   
Explain how exposure study is done
· By looking all possible sources of exposure, the quantity going to air contribute to inhalation exposure , deposit on crops , surfaces, clothing and skin, surface transfer, bulk splashes constitute the dermal exposure
· Body, dermal exposure: two most frequently used methods
· Patch method: limited part of the body is covered and the amount obtained from this patch is extrapolated to the whole body. It is easy and cheap method  
· Whole  body dosimetry : body total coverage, more expensive and unpractical, you need too much extract and solvent
· Body: other methods: fluorescence, washing, brushing
· Hands: analyse the hall gloves and/or washing hands
· Respiratory :most frequently used method: PAS = Personal Air Sampling:
· Pump
· Connection between pump and sampling tube
· Sampling tube
· Other methods: respiratory mask with patches
Explain different exposure models used 

· Different models are being used, Important differences based on different databases and use of different percentile : 
· UK model: POEM 
· Dutch model 
· German model 
· USA-Canada model: PHED 
· European model: EUROPOEM 
Exposure operator model: German modified model 

· Distinction between: Mixing/loading and application , Inhalation and dermal exposure 
· Input: Information about application  and Use of PP 
· Output: Potential exposure , Actual exposure  and Absorbed dose 
Exposure worker model: Europoem model II 

· PDE = DFR x TC x T 
· PDE : Predicted Dermal Exposure (μg/d) 
· DFR : Dislodgeable Foliar Residue (μg/cm²) 
· TC : Transfer Coefficient (cm²/hr) 
· T :Time of exposure , duration of task (hr/d) 
· Default parameter values: Based on literature and expert judgment 

	Parameter 
	Default value 
	Unit 

	DFR
	3
	µg/cm² per kg a.s./ha 

	TC 
(for manual harvest) 
	Vegetables
	2500 
	cm²/h 

	
	Berries
	3000 
	

	
	Orchard fruit
	4500 
	

	
	Ornamentals
	5000 
	

	T 
	Inspection
	2 
	h/d 

	
	Harvest etc.
	8 
	



Bystander and resident exposure model: BREAM
· BREAM : Bystander and Resident Exposure
· UK: Only for spray booms, 3 modules: Exposure to spray dropps (spraydrift), Exposure to vapour (vapour drift) and Indirect exposure to contaminated surfaces/objects
Explain the pesticides resistance and the influencing factors 
· Change in the sensitivity of pest population to pesticides and the pest becomes resistant 
· Like the bacteria have resistance to antibiotics, pest also can have resistance to pesticides.
· Sometime this resistance is not known by the people and people keep applying more pesticides thinking that it is not working because of the dose. This can contaminate the environment 
· In this case you need to apply another pesticide because the pest has developed the resistance to the pesticide 
· Resistance is a problem, it is a big loss because companies invest a lot of money and time to develop a pesticide and the pesticide is nor working any more. 
Factors 
· The resistance is high for insects than in plants, mobility: Insect > Fungi > Plant 
· Low dose make resistance than high dose 
· The mode of action: if the mode of action is one specific step, the organisms can use another step or another mechanism and develop the resistance. Example, compounds like copper and sulfur after a certain time they become inactive. To avoid this kind of resistance, you use the mixture of different pesticides with different mode of action 
· More generation (cyclic/year), more resistance , the resistance in weed is less than insects because we have one generation of weed/year
· Resistance also occurs with frequency, the more frequent usage, the more resistance is developed. The frequency is the proportion of population  that is resistant , intensity is the measure of how powerful the resistance is at overcoming pesticide toxicity. Both frequency and intensity of pesticide determine the degree that resistance will occurs.  
· Alteration of site of action: atrazine is a herbicide , it is a contact pesticide, the receptor place has been changed and the weed is surviving
· Cross resistance: organism is resistance to one pesticide and become also resistance to other pesticides having the same functions. That is the reason why the imidaclopid and acetamiprid has the same resistance to insects  
· Carbamates and organophosphates: Aches 
· Organophosphates and pyrethroids: esterases 
· Pyrethroids and DDT :kdr
· Pyrethroids, DDT and IGRs : oxidases 

Explain different reason/indicators why insecticides cannot work
 
· Organism can break down the insecticide and metabolize the pesticide
· The enzyme in the body of organism can break the pesticide 
· Pesticide is taken up and is quickly eliminated in the body 
· Population which is trained to break down pesticides in soil 
· The volatilization of pesticides resulting in a big loss 
· Add also the factors that contribute to the resistance 

Explain the different existing research resistant groups 

IRAC: insect resistance action committee  
FRAC: fungicide resistance action committee  
HRAC: herbicides resistance action committee  

Explain how the resistance can be prevented 

· Only using pesticides when necessary 
· Using pest tolerant or resistant plant varieties 
· Using cultural controls 
· Using biological controls 
· monitoring to make sure pesticides are applied at the most effective time 
· Using selective pesticides that break down quickly. If the pesticide is disappearing slowly there will be a dose at a certain time which will be remaining and the organism will adapt to it.
·  Only using tank mixtures of pesticides that have different sites of action 
· Using the recommended application rate
·  Getting complete coverage so all plant parts receive the proper pesticide dose 
· Avoiding use of low rates with marginal pest control
· Alternate different pesticide groups
· Combine pesticides from different groups 
What is importance of the pesticide maps? 

· To facilitate the people who use pesticide to know which combination they have to do so that the insecticide cannot resist the pesticide 

Discuss how pesticides reach the environment 

· Most pesticides: manufactured, distributed, sold and applied throughout the World are wasted, they do not reach their biological targets. 
· 100% of the quantity applied and 45% only reach target crop.   30% drift and misapplication, 15% lost to the ground or other non target surfaces, 10% loss through volatilization, reaching and surface transport.  

· Efficiency – systemic 2% reaches goal, 80% deposition, 50% retention, 50% uptake, 10% transport. 
· During pesticide application, pesticides diffuse through the environment and contaminate the environment, in environment pesticides are in different compartments: water, soil, air, food and organisms. 
· The quantity of pesticides that is wasted to environment depend on the spray techniques used, types of formulation and measures taken to avoid contamination of the environment 

Explain the fate of pesticides in the environment 

· atmospheric loss by drifting away by wind 
·   stick on the wall of the splaying tank or remains in the tubing
· deposit  on the plant undergo photo decomposition, volatilization,   foliage uptake by plant, wash out by rain 
· Reach the soil and undergo adsorption to soil, leaching, chemical decomposition, biological decomposition, and uptake by plant, undergo photo-decomposition, runoff by and erosion to water body. In water body it can be soluble , hydrolyze, accumulate in sediment or accumulate in organism 
· Crop removal by harvesting and pesticides in reach the food 
Explain why soil is important in fate of pesticides 

· buffer between surface and groundwater
· localization of plants and organisms 
· major part in hydrological cycle 

· infiltration 
· water holding 
· evaporation 
· water uptake by plants 
· groundwater provision 
· run-off, leaching and erosion 
· Explain the transport behavior of compounds in soil
· The sources that brings pesticides in soil can be point source pollution by accident, throw away and packaging rest; another source is the diffuse source pollution by application of soil pesticides, leaf pesticides that can washed out and the deposition from air  
· Pesticides can be in water phase where it is uptake by plant, broken down and volatilization and reach the air phase. In solid phase, there is sorption or wash out by the rain.   
· Pesticides move with water, we need to consider also the water in the soil, once you know where the water is going, you can know where the pesticide is going. 
· Pesticides in the soil are degraded in the first 5 cm, due to the activity of microbes which are intense in this area, water and oxygen. This upper layer is the most responsible for the degradation. In this layer there is also adsorption due to the presence of the organic matter. 
· In the deeper layer there is soil chemistry reactions and  decomposition 
· There is the dispersion and diffusion movement of pesticides in soil. Diffusion the water if flowing very fast and the turtuosity is less, in the dispersion the water moves in different way, very slowly and the water is dispersed. More pesticide will be found in soil when the movement is dispersion than when the movement is diffusion 
Explain the modeling of pesticides 
· The mass balance modeling is used; the contaminant is distributed in 3 phases, solid, liquid and gas phase of the soil. The incoming contaminant load should  equal to the pesticides in these 3 phases + the quantity lost by runoff, plant uptake, volatilization, degradation and leaching 
· In the soil, we have the solid phase, air and water , the pesticides is distributed in these 3 phases , if you want to model you have to consider all these 3 phases 
· Big part will be in solid phase. MACRO is used for modeling of pesticides. These models are concerned with the water contamination. 
Explain the water flow from the surface to ground water 
· 2/3 is volatilized, 18% is runoff. the remaining is ground water filling 


Explain the pesticide degradation in soil 

· Degradation of pesticides follow a first order
· -dC/dt=kc, Ln Co/C=kt , 
· Half life time(Dt 50) =T1/2=0.693/k, 
· ln Co/Co/2= kt1/2

· The first half life can take 20 days, the second step will take longer ( 40 days)
· The lower the concentration, the more it takes time to degrade 
· If the degradation is 30 days , means you have fast degradation, if the degradation is more than 90 days there is a slow degradation because 90 days is 3 months which is more than growing seson, You will find the pesticide in the next growing season  which will results in accumulation and build up of pesticides in soil 
· For the microbial break down in soil, there is a lag phase which is the time needed before the pesticide start to be degraded.  Before 20 days you don’t see the degradation, The soil need the time to adapt to the chemical
· If the population in soil were trained to break down the pesticide, the degradation is fast, if you apply frequently the pesticides, the microbial populations get trained and becomes familiar to break the compound. If you sterilize the soil the pesticide are not broken down because microorganisms are killed. 
·  Litter bag test is used to test the microbial break down of pesticide. All pesticide cannot be degraded by microorganisms only some pesticides depending on types of pesticides and conditions 
· If the soil has the history of pesticides application, you can do the analysis of microbial population, there will be the presence of microorganisms that can able to break the used pesticide in the past on that field because they are trained. 
· You use the bag for checking the biodegradation but if you have the rain the pesticides in the bag can be transported out of the bag and you thing that there is degradation while is the movement by rain. 

Explain the adsorption of pesticides 

· Adsorption is the sticky capacity to the soil particles 
· Kd= Adsorbed concentration / dissolved concentration 
· Kd = Csoil / Cwater 
· The higher the Kd, the more pesticides will be adsorbed to soil particles
· Adsorption is proportional to soil OC%
· Koc = Kd / OC (%)
· Koc is the observed, the more organic matter in soil, the more adsorption 
·  Koc < 100, weakly adsorbing , Koc > 1000, strongly adsorbing 
· octanol/water partition coefficient Kow ,  use empirical equation
· example log Koc = 0.937 log Kow - 0.006
· for atrazine Kow = 513, then Koc =341 
· if OC = 2.0% (or 3.44% OM)
· Kd = Koc * %OC = 6.83
· The relationship between Cs/ Cw , can be linear, instantaneous, or reversible adsorption model 
· There is the adsorption effects on transport pathways 

· Kd > 250: The chemical is so strongly adsorbed that very little will be transported except with eroded soil particles. 
· 250 > Kd > 50 Transport depends on the sediment concentration of the runoff. 
· Kd < 50: Enough will stay in solution that most will be transported with flowing water 
· 50 > Kd > 0.1: The loss pathway will depend on the amount of infiltration occurring prior to initiation of surface runoff. 
· Kd < 0.1: The chemical is so weakly adsorbed that the first rainfall will wash it into the soil profile before initiation of runoff. 
Explain leaching and leaching potential 

· Leaching is the ability of pesticides to move through soil to reach groundwater 
· High leaching potential  when there is weak adsorption , Long persistence , Shallow groundwater table , Active water movement , Sandy texture 
· The ground water ubiquity( GUS) is used to rate pesticides for their potential to move toward ground water 
· Is a number that relates pesticides persistence( half life) and sorption Koc in soil
· The short half life and higher Koc have a lower GUS 
· GUS = log(T1/2) * (4 – log(Koc)) 
· Gus > 2.8: high leaching risk 
· Gus < 1.8: low leaching risk 
· 1.8 < GUS < 2.8: intermediate leaching risk 
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What are bound residues? 

· After a certain time, you will never able to extract the pesticides because it is not dissolved any more.  Microbial break down cannot work 
· May be with climate change, the change in temperature or acid rain can cause the pesticides to move. 
· Radioactive test can be used to test the bound residues 
Explain the pesticides normation in water 

· European community( EEC),  has set the norms
· drinking water : 0,1 μg/l , the summation of pesticides should not be higher than 0,5 μg/l
·  groundwater :  0,1 μg/l
·  surface water : Evaluation active ingredient as function of risk on water organisms and  determine the  Maximum Acceptable Concentartion (MAC) 
· The minimum  0.01* LC50 for FISH; 0.01* EC50 for DAPHNIA; 0.1* NOEC for ALGAE 
· If the species is sensitive between the 3 values, it is the one that determine the MAC. 0.01  is the safety value

Explain the pesticides fate in water 

· The sources that brings pesticides to surface water can be point source pollution by accident, throw away and packaging rest; another source is the runoff drainage, ground water and the deposition from air  
· Pesticides in surface water can be exported from surface water by export to sea, drinking water, irrigation water, or deposited in sediment. Another removal of pesticides in surface water is by breaking down 
· Pesticide can be  water soluble, if not water soluble it will sediment and adsorbed to particle  
· Transport in water : Diazinon, chlorpyrifos, many herbicides 
· Transport with loss of soil particles : synthetic pyrethroids 
· Break down in water is through hydrolysis reaction, 
· aA + bH20 → cP (hydrolysis reaction)  
· the transport of pesticides to water body is accelerated by the natural conditions and urban development 
· the pesticides that are strongly adsorbed to soil can also reach the water body if you apply pesticide in soil and erosion and runoff  take the soil to water body 
· Long persistence + weak adsorption : high runoff potential 
· Long persistence + strong adsorption : intermediate runoff potential 
· Short persistence + weak adsorption : Transient
· Short persistence + strong adsorption : Harmless 

· solubility may impact pesticides in runoff 

· Greater than 10 mg/l = high solubility 
· Phenoxy herbicides : 2,4-D = 300,000 - 790,000 mg/l ; MCPP = 660,000 mg/l ; Dicamba = 850,000 mg/l 
· Organophosphate insecticide : Chlorpyrifos = 2.0 - 4.8 mg/l 

Explain the estimation of drift 

· Germany: drift tables of Ganzelmeier 
· based on field drift trials 
· 50 drift experiments on the field and 72 in orchards
· Curves fitted; Drift = A. zB (field crops) 
· The Netherlands: IMAG Drift Calculator 
· Before bloom, no leaves on trees, you find much higher deposition, After bloom , the droplet are taken by the leaves of the trees Drift tables that is why the % drift before  bloom is higher  than the % drift after bloom.

Explain the pesticides in air 

· In air, the most important is the photolysis and air transport
· Emission  from soil to air  and Emission from crops to air by evaporation 
· Volatilization is of concern for surface applied chemicals. Parameters influencing volatilization : 
· Vapor Pressure and solubility,  based on the vapor pressure, you can know that the pesticide is going to air or not 
· Henry constant , adsorptivity and concentration 
· Temperature and soil water content: During night you have a slow volatilization because the leaves are wetted and the pesticides which were strongly adsorbed on leaves are dissolved again. In high temperature the volatilization is reduced by using oil and polymers 
· Wind: the wind will renew the surface and time to time and you will have high volatilization   
· Hydrophobicity 
· Break down 
· Sorption 
· Formulation : a layer of oil prevent the volatilization 
· Emission  to air is also during application  and is influenced by the droplet size  depending on Speed/Type of tractor , Height boom  and  Climate 
Explain the fate of pesticides in air 
· The sources that brings pesticides to air can be during application by aerosols and smoke generator ; drift, volatilization and dust in wind, 
· the removal of pesticides to air is by breaking down, deposition in soil, surface water, ground water and on plants and export movement via horizontal export and upwards
· pesticide is dissolved in the cloud and as long as it rain, the pesticides comes with rain 
· or the pesticide is adsorbed on dust particles as it is rain, the particles comes out and the pesticides is washed on the particles; when you analyze the rain water you will observe the difference between the first rain and the last rain. 

Explain the pesticides in the organisms 

· From the environment, pesticides enter the food chain and have an effect on the organisms.  e.g.  owls dye by rodenticides 
· Example of the food web:  leaves eaten by invertebrates, smaller birds eat invertebrates and the hawk eats small birds. 
· Pesticides in organisms can undergo bioaccumulation and biomagnifications, 
· Bioaccumulation refers to the accumulation of a toxic chemical in the tissue of a particular organism 
·  Biomagnifications refers to the increased concentration of a toxic chemical the higher an animal is on the food chain. 
· Example of biomagnifications is the DDT in water, then increase in zooplankton, increase in small fish, increase in large fish, and increase in fish eating birds. As you move to higher level the number of species decrease and the size and concentration increase. 
· effects of pesticides on wildlife 
· Direct effects: acute and chronic  toxicity from Contaminated food or water , Inhalation of vapor and Contact with skin 
· Indirect effects : Destruction of food source (insects, …) , Poisoned prey , Habitat disturbing 

Explain the types of contamination/losses of pesticides in the environment and reduction of this loss 
·  Point sources pollution: Are the direct losses.  We can do something to reduce this: 
· By cleaning the tank used for pesticides splaying 3 times by clean water. The left pesticides you don’t have to throw it in the environment. 
· Calibration of the sprayer, calibration of the nozzles 
· the selection of the spray volume, spray volume at the type of crop   
· Choosing a safe place in order to fill the tank, not next to a water source 

Diffuse pollution: is field run-off due to:   
· Leaching( drainage)  
· Spray drift: droplet drift + vapor drift:  you spray and the wind takes away the spray to environment. Reduce the drift by: 
· Spray drift is affected by: Splaying techniques spray boom height, tractor speed, weather conditions and the structure near to the field.
· The spray drift can be reduced by: 
· If the spray is done by the air plane, you have to close the windows and doors. 
·  Know the climate conditions and spray at favorable weather conditions: low wind speed, low temperature, high relative humidity (morning and evening), avoids temperature inversion. 
· Increase the nozzle size and do not put too much pressure in the tank. 
· Use the shielded spray equipment, use tunnel spray, use the air induction nozzles, use lower boom height and lower driving speed of the tractor, use air assistance and electrostatic spraying  
· Improve the structure next to the field by putting plants that retain droplet and prevent water contamination
· Buffer zone along river, catch crop, green cover between orchards, do not use in sensitive areas( besides water), use of polymer adjuvant which enhance the droplet size. 
· Reducing of losses is importance for H2O (River Basin) because 40 to 90 % of direct loss goes to water. 
Explain how the treatment of the pesticides is done 
· Bioremediation: By using the microorganisms, the microbial population is putted in bed. Wood parts, compost, manure, cocos and plants rest + soil in the bed, use the soil that has the history of pesticides application and the pesticides is broken down by microorganisms.
· Each tank has a capacity of removal 90%. Fytobak, biobed and biofilter, it is a cheapest techniques
· You have to perform the biostimulation and bioaugmentation  to improve the system  
· Biostimulation is to put some nitrogen, carbon in the system to enhance microbial break down in systems, to reduce presence of mobile pesticides in the effluent, to break down the persistent pesticides in the matrix.  Use pesticide treated soils, consist of possible microbial consortia to break down pesticides  they are Adapted to in-situ conditions , Robust , Practical and cheap for the farmer 
· Bioaugmentation: microorganism are putted in the system, they are grown outside the system and brought to the system. 

Explain the process of microbial break down 
· Co-metabolization: organism do not use pesticide as the source of energy, results in the production of the unknown metabolites: example is the breakdown of phenoloxidases (Lignine peroxidase , Manganese peroxidase , Laccase). Lignin has the difficult structure, if the microorganism can break the lignin, it means that they can also break down pesticides with similar structure  
· Mineralization: pesticide is used by organism to do the buildup of construction components, results in the production of CO2 and H20 and the remaining carbon is transformed in biomass 
Explain the Absolute stocks and absolute pesticides  

· Obsolete pesticides are defined as those pesticides that can no longer be used for their intended purpose or wanted to be used and therefore must be disposed of. Obsolete pesticides include: 

· Unfit for further use or for re-conditioning. 
· Outdated: pesticide older than 2 years.  Long-term storage during which the product degrade.
· Banned pesticides and restricted pesticides. 
· Deteriorated products by physical or chemical changes and loss of biological efficacy. 
· Unwanted pesticides, even though they still can be used. 
· Unidentified products. 
· Products contaminated with other substances. 
·  Pesticides wastes generated in fire events or other accidents.
·  Materials strongly contaminated with pesticides. 
·  Wastes from the production or formulation of pesticides. 
· Obsolete pesticides are hazardous wastes, and therefore they must be managed as such. 
· Obsolete pesticides stocks are often poorly stored stockpiles where containers corrode and leak.
·  Different products may blend together to create a toxic quagmire. 
· Enormous problem in the agricultural world due to decades of mishandling and is most dramatic in the developing world where there are no funds or facilities for cleaning up the mistakes. 


· The long-term solution to obsolete stocks lies in preventive measures: improved stock management and reduction of stocks. 

Types of stockpiles of obsolete pesticides 

· Small quantities resulting from use: generated by producers, experimental stations or research institutes. 
· Obsolete pesticides generated in trade operations: found at pesticides trading companies, small quantities are involved. 
· Wastes from production or formulation of pesticides: from industrial activities that produce pesticides. 
· Wastes from accidents: generated during transport, by fire, spills or other accidents 
· Deteriorated products: due to bad storage conditions 
· Deposits: from bad buying policies, inadequate deposits and poor stock management and also due to confiscation
·  Burials: buried quantities 

Explain the pesticides hazard 


· 3 million people are poisoned by pesticides every year, most of them in developing countries.
·  Every year some 20 000 of these poisoning victims die. 
· Pesticides can be absorbed by contact with the skin, inhaled as dust or vapor or ingested with contaminated food or water. 
·  Mistakenly drinking pesticides stored in bottles used for drinks. 
·  Children playing, livestock grazing, people working, cooking, drawing water and growing food around dumped and leaking pesticides.

Explain the pesticides hazards conventions 

· global measures to protect human health and the environment 
· Basel Convention on the control of trans boundary movements of hazardous wastes and their disposal
· Rotterdam Convention on the Prior Informed Consent Procedure for Certain Hazardous Chemicals and Pesticides in International Trade 
· Stockholm Convention on Persistent Organic Pollutants (POPs). 




Explain the pesticides hazard types 

· Organochlorines :  the POPs pesticides 
· contain carbon and  chlorine atoms 
· Very toxic chemicals. 
·  Stockholm Convention seeks to eliminate or severely restrict the production of POPS chemicals. 12 chemicals for elimination, nine are pesticides: aldrin, chlordane, endrin ,dieldrin ,  heptachlor , DDT , Toxaphene , Mirex,  hexachlorobenzene 
· Organophosphates: extremely hazardous pesticides 
·  Less persistent than the organochlorines but much more toxic. 
· Have been banned or their use has been severely restricted in many countries. 
· Rotterdam Convention helps prevent the unwanted import of extremely hazardous pesticides and other chemicals to developing countries. 
· The organophosphate pesticides  included in Prior Informed Consent  process are: Parathion, Parathion methyl, Phosphamidon , Methamidophos 


Synthetic pyrethroids 
· less toxic, more expensive 
·  based on natural insecticides 
·  Three of them  are classified as highly hazardous 
·  In industrialized countries often used instead of organophosphate pesticides. 
·  more expensive, and buyers in developing countries often prefer to purchase the cheaper, but more hazardous organophosphates or organochlorines that remain in use. 

Explain the pesticides hazard containers 

·  Empty containers are generated after usage. 
· In developing countries, empty pesticide containers are highly valued property. 
· It is usually impossible to remove all traces of toxic chemicals and people often use them for storing fuel or even food and water, unsafe practice 
· Measures to dispose of containers, often not appropriate. Burying or burning of waste pesticides and empty containers. Buried chemical waste can contaminate soil and groundwater, burning pesticides and containers releases highly toxic fumes.
· Dumping sites aren't designed to prevent toxic materials from leaking into the ground or being washed out by rain into water bodies. 
· In developing countries such sites are also usually scavenged and useful items such as pesticide containers are reclaimed. 
· International Code of Conduct on the Distribution and Use of Pesticides, manufacturers and distributors of pesticides has to provide facilities to users for safe disposal  
· National and local authorities must also help with the disposal of farmers' and householders' pesticide-related waste. 
Discuss the pesticide hazards contaminated soil 
·  Leak out of corroded drums into the soil 
· Wind spread pesticide powders over a wide area. 
· Pesticides in soil spread at rates that depend on the type of soil and pesticides, moisture and organic matter content of the soil and other factors. 
·  Small amount of spilled pesticides can therefore create a much larger volume of contaminated soil.  Serious health and environmental threat to nearby communities. 
· Cleaning up contaminated water and soil is a costly, technically complex and difficult task. 
· Cleanup funds usually focus first on removal of the source of contamination and decontamination of soil and water is generally addressed on the basis of risk analysis when additional funds are available.
·  three basic ways of dealing with contaminated soil and water: 
·  Excavating the soil and pumping-up of groundwater
· Covering contaminated soil with buildings, asphalt or another impermeable layer, 
·  Covering the contamination with clean soil

When pesticides do becomes absolete 

Shelf life 
· All pesticide formulations degrade over time. By-products that form as the pesticide deteriorates can be even more toxic than the original product. 
· If not stated otherwise on the label, products normally have a shelf life of two years 
·  Improper storage will accelerate deterioration to such an extent that the product becomes unusable well before its expiry date. 
· Pesticides cannot be used because of bans placed on them for environmental and public health reasons. These pesticides are also obsolete. 

Inadequate field-testing 

·  Pesticides that have been proven effective in the donor or manufacturing country may not work under conditions in other countries.
·  The local pests are simply not killed;
·  The formulation degrades and becomes ineffective quickly under tropical conditions; 
·  The product can't be used with the available application equipment. 

Impractical containers 

·  The pesticide is effective, but the containers of pesticides make it impossible to use safely. 

Missing or illegible labels 

· Pesticides cannot be used, or may be used in a very dangerous manner, if they don't have labels or the labels have become illegible because of exposure to sun, rain or leaking chemicals or if they are written in a language that users can't understand. 

Lack of communication 

·  Pesticide donations remain unused, either because the quantities provided were too large for the recipient country's needs or the formulation or the containers were unsuitable due to the lack of communication between the donor and the recipient country 

Lack of product stewardship 

·  Take a long time for pesticides to clear customs and they can arrive very close to their expiry date or even after. 
·  Expired or damaged pesticides are sold by vendors 

Fraud and smuggled products 

· Fake pesticide products, illegally imported pesticides, adulterated products are commonly found in market places
·  Products that have been sold for use on specific crops are being sold for use on the open market for general use. 
Inaccurate estimates of requirements 

· Pesticide requirements may be based on previous years' use without taking account of variations in cropped areas or pest intensity. 
· There is a tendency to overestimate requirements slightly in order to avoid shortages. 
· They may also neglect factors that would limit the pesticide's use in the country, including the appropriate spraying equipment, protective clothing and trained staff; storage facilities distribution systems to deliver the pesticides to the areas where it is needed and ability of farmers to pay for it is also sometimes overlooked. 


Unused strategic stocks 

·  stocks  are there for  serious  pest emergencies, and in case the pests do not show up unused pesticide stocks held in reserve often become obsolete 
Overstocking pesticide products 

·   Pesticides are stored under hot, humid tropical conditions, with wide fluctuations of temperatures; their shelf-life can be greatly reduced. 
· During medium- or longer-term storage periods these products degrade and become unusable. 
·  Changes in the market from one season to the next can affect the crops that are cultivated and the type of pesticides that are in demand. 
· Pesticides procured for a particular use one season may not be needed during the following one. 
Donations that don't reflect demand 

· Aid agencies sometimes provide pesticide donations far in excess of the recipient country's requirements. 
· This may be the result of poor coordination among donor agencies or poor assessment of a recipient country's needs. 
·  Industrialized countries with excessive or unwanted pesticide stocks offering unsolicited pesticide donations to developing countries.
·   Officials may be unwilling to refuse the pesticides out of fear of causing offence and compromising future assistance. 
· The donation may be gratefully accepted, but the pesticides are never used. 

Removal of subsidies 

· Many countries subsidize the costs of pesticides, allowing farmers to buy pesticides below the true market value. There is natural tendency to use more than is needed because it is cheaper
·  Traditional farming techniques are forgotten and lost and replaced by reliance on pesticides. 
·  When the price of pesticides suddenly goes up, demand drops. Existing pesticide stocks may remain in storage and become obsolete. 

Supply-driven production in the former Soviet Union 

· Pesticides were manufactured to meet rigid production targets. However, the supply of pesticides often had little relation to the actual demand. 
· Certain pesticides were produced even when it was no longer economically viable to grow the crops they were designed to protect. State farms were obliged to buy the pesticides whether they needed them or not. 
· As a result of this long period of supply-driven production, obsolete pesticides stocks in former communist countries dwarf those in all other regions of the world. 

Slow distribution and rough transport 

·  it can often take  a very long time for pesticides to reach  their final destination. 
· The pesticides can be near or even past their expiry dates by the time they are available to the users. 
· This is a particular problem when the pesticides supplied are not newly manufactured but have been in stock for some time prior to their dispatch. 
· Shipping and storage conditions of pesticides entering a country can also affect their condition on arrival and the rate at which they deteriorate. 
· Excessive heat and extreme temperature variations, open storage and rough handling can all contribute to accelerated deterioration of pesticides. 



Improper storage 

· When the pesticides reach their final destination storage facilities are often inadequate. 
· Pesticides stored in hot, poorly ventilated buildings degrade quickly. 
· The buildings may not be large enough to accommodate all the pesticide stock. 
· New products may have to be stored outside because old and possibly obsolete products are already occupying the limited space. 
· Pesticides stored outside will not only deteriorate more quickly, they are susceptible to vandalism and theft and pose serious health threats to the local community and the environment. 

Poor stock management 

·  Many storekeepers are not trained proper in stock management. This involves more than learning how to handle leaks and spills. 
· It requires those responsible for managing the stocks to follow the standard stock management practice of 'first in - first out'. 

· Older products are often neglected in favor of newer ones that are more heavily promoted by the distributors. 
· Also because of poor record keeping, employees may not know which products arrived first. 
· Limited storage space also often results in older stocks being hidden behind newly arrived products and forgotten. 
· rules for proper pesticide storage and  management 
· Not located near urban areas, or near water body 
· Capacity should be sufficient 
· Sufficient ventilation,   avoid high temperatures. , floor made in impermeable concrete or cement, Ramps at entrances, lockable doors 
· Each block should contain only one product.  Avoid overstocking of drums 
· Only contain pesticides. No other goods or objects 
· Separate absolete stock from operational stocks. 
· Have sawdust to absorb leaked pesticides, empty drums to repackage damaged containers, polythene bags to repackage damaged sacks, Shovel and brush, Fire extinguisher, Protective clothing, water and Eyewash set. 
· damaged containers should be repackaged 
· Record of stocks in their custody. 
· first in – first out principle 


Lack of analytical facilities 

· Pesticides may still be effective after their expiry date, but a chemical analysis must be done to know for certain. 
· Many developing countries don't have laboratory facilities capable of carrying out such an analysis. 
· Even when such an analysis is possible, inadequate labeling can make the process very difficult.
 
Poor communication between donor agencies 

· When governments in developing countries make formal requests for pesticides, they can never be sure beforehand whether their requests will be granted or whether the shipment will get there on time. 
· As a result they may make the same request to several different agencies, especially in an emergency. 
· Because aid agencies often are unaware of what the other is doing, the recipient country may receive the requested amount many times over. 
· This has been a particular problem during locust and migratory pest control emergency operations. To keep this from happening, pesticide donations for such emergencies should be coordinated through FAO's Plant Protection Service. 

Bureaucratic constraints 

· It can often take a long time for aid agencies to process donor requests for pesticides and deliver them to the country. 
· As a result, the pesticides can arrive close to their expiry date or after the emergency has passed. 
·  Aid agencies budgets often allocate funds for spending within a fixed period, pesticide procurement may be determined by the donor's need to use up available funds more than demand. 
· Recipient countries may be reluctant to refuse aid offers even if the pesticides do not meet their specific needs and may not be used. 

Local vendors 

· Pesticide dealers have an interest in promoting their products. 
·  Sales staff may encourage bulk buying by offering lower unit prices per litre or kilogram so that the turnover of products is faster for the distributor. 


The influence of agrochemical industries 

At the national level, agrochemical companies or their local agents often take the initiative in advising plant protection services on their pesticide requirements. Because each company has only a limited number of products in its line, the range of options presented may not be the best suited for the country's needs. Also, their assessments may be in excess of actual requirements. These recommendations occasionally form the basis of the countries' requests for pesticide donations and can lead to an accumulation of unused pesticide stocks. 



Tied aid 
Countries donating pesticides may be motivated out of a desire to provide spin off benefits for their domestic pesticide manufacturers. However, producers in the donor country many not make the most appropriate products for the conditions in the recipient country. Pesticides donated through this type of supply-driven, tied aid are more likely to become obsolete because the specific pest control needs in the recipient country are not the sole consideration. 
Corruption 

Large sums of money are involved in pesticide procurement. There is always the possibility that unfair practices will be used to seal the deal. 'Under the table' offers between sellers and officials responsible for pesticide procurement can sometimes influence government decisions regarding pesticide imports. 
Government corruption can lead to unnecessary purchases of pesticides. Officials with ties to agrochemical companies may profit personally from increased pesticide sales. They may push for greater pesticide procurement even when there is no demand. 



The ban on POPs pesticides 
In many countries, when a range of 
products has been banned or withdrawn 
for health or environmental reasons, 
the fate of existing stocks is often given 
scarce consideration. Stocks remain where 
they are stored and eventually deteriorate. 
Good practice in such cases requires pesticide regulatory authorities to allow a phase out period when products are banned or restricted so that existing stocks can be used up before the restriction is fully applied. 
Many POPs pesticides, dieldrin in particular, were widely used in campaigns to eradicate locusts in Africa. When the POPs pesticides were banned, little thought was given to the fate of the remaining stock. It has become a major problem. Existing data indicate that more than 20 percent of obsolete pesticides stockpiles consist of POP pesticides. 



Are banned pesticides being sold in developing countries? 
There are many cases where highly hazardous pesticides, which are not permitted for use in industrialized countries, are exported to developing countries. 
For a pesticide to be banned, it has to be registered first. Some pesticide companies have not registered or re-registered products which they knew would have not have been authorized in their own country but continue to produce and export the same products to developing countries There are also cases of pesticide manufacturers increasing exports of products that have been banned or restricted in their own countries, possibly in order to use up existing stocks or to compensate for depleted local markets. 
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