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Slide

1. This tutorial will review the material that is covered in the Applying Pesticide Correctly study guide. This presentation is designed for those seeking study assistance in preparing for certification exams in General Standards Core. There are 12 units in the entire presentation. This presentation will discuss the content of each unit.

Unit 1: Principles of Pest Control
2. We will discuss principles of pest control, focusing on types of pests and the various methods used to control them. Examples will be illustrated with all relevant areas for discussion.

3. After you complete this section, you should be able to explain why identification of the pest is the first step in effective pest control; explain the differences between continuous, sporadic, and potential pests; explain what is meant by prevention, suppression, and eradication of pests; describe thresholds and why they are important; 
4. describe monitoring as it relates to pest control; define integrated pest management; name factors that can cause pesticide applications to fail to control pests; and, name ways to help avoid development of resistance to pesticides.

5. How is a pest defined? A pest is anything that competes with humans, domestic animals or desirable plants for food and water. A pest causes injury to humans, animals, desirable plants, structures or possessions. A pest may spread disease and cause annoyance.

6. Shown here are the 7 major classes of pests and a common example is listed to the right for each class. There are many examples that you may think of for each class, but each example shown represents pests that we may encounter in Florida.

7. Pests may be also classified by the manner in which they occur. A pest that is considered to be continuous would be a pest that we may encounter on a regular basis and require control on a regular basis. A sporadic pest is one that is not seen on a regular basis, but may appear under certain conditions. Sporadic pests therefore would necessitate occasional control. Potential pests are those that are not necessarily present, but they pose as a threat to enter into our environment. When they do, sometimes control may be required.

8. Weeds may be thought of as an example of a continuous pest under many different settings. Continuous because they require control measures on a seasonal basis as a standard practice.

9. Migratory pests would be more common in areas that are more seasonal. These pests would migrate into a certain geographic location when the environmental conditions are met that are most suitable for their survival. Because migratory pests would not overwinter or persist in an area that is not suitable for their survival on a year-round basis, their control would only be required on an occasional basis.

10. Potential pests are those that threaten our environment. Because of Florida’s climate, our state has many potential pests to enter and gain a foothold. This fruit fly, which is a native of South America, is just one of many potential pests to our state. Recently, we thought of soybean rust to be a potential pest to this state and the United States. Its classification will now likely be changed.

11. Think of proper pest identification as the first step in a pest management plan. In order to choose an appropriate control tactic, you have to have an accurate identification. 
12. To do this, you need to know the physical features of the pests likely to be encountered, characteristics of the damage they cause, their development and biology, whether they are continuous, sporadic or potential pests, and what your control goal is.

13. These considerations should be taken into account when planning a pest management strategy. Depending upon the situation, will control measures be put into effect only when the damage that a pest is causing is greater than what can be accepted? That will depend upon individual preferences and the situation where a pest is occurring. An example where little tolerance for damage would be with controlling a certain pest, such as mosquitoes, where public health issues are at stake. In some cases, strategies may be employed to reduce pest numbers to an acceptable level. This strategy is often used in agricultural production systems where pest thresholds have been studied and documented. In most of these systems, complete pest removal, or eradication, is not practical. Another key consideration is if the control measure will not harm the environment or desirable organisms that may be present at the site. This consideration should take into account as natural resources such as water, desirable plants and animals, beneficial insects, and humans who may be affected by the control action.

14. The vast majority of living organisms are not pests. Rather, they have ecological significance and some have beneficial properties because they may feed or parasitize those undesirable organisms. In examples shown, a stink bug is feeding upon a plant-damaging larva; a green lacewing and parasitic wasp are also pictured.

15. When selecting a pest control goal, there are three basic choices and you have to decide what is best for the situation. With prevention, applied controls such as screening to keep insects out of a structure, PRE herbicides applied for reducing weed emergence, and using sound sanitation measures to prevent the spread of plant disease, are all examples of this philosophy. Suppression is commonly accomplished by having an understanding of thresholds. As previously mentioned, suppression is commonly used in IPM programs where some pest numbers or damage can be accepted. Eradication is very difficult and generally not practical. Eradication’s goal is total pest elimination. This philosophy is used with government quarantine programs for potentially destructive or harmful pests that threaten certain areas with their presence, such as citrus canker.

16. Preventive measures can be taken when the presence of a pest can be determined prior to its arrival. Understanding growing degree days has been a traditional approach with insect control and using temperature and humidity data for predicting plant disease outbreaks are examples of successful preventive pest control techniques.

17. The massive densities of multicolored Asian lady beetles shown on this slide represent the real need for suppression in a structural setting. Reducing the number of these nuisance indoor pests is the goal.

18. The Mediterranean fruit fly is a pest that is under constant watch in Florida. Because it is notorious as one of the most destructive insect pests in the world, when it has been detected in our area, extensive efforts went into effect in detection and eradication. There are other examples of eradication programs in this country, such as the boll weevil in some cotton-growing states and gypsy moth in states with large acreages of hardwood forests.

19. A threshold is a term that has been alluded to earlier. In the context of pest management, it may be thought of as the level of pest numbers where a control action should be taken. There are three different goals of this concept, depending upon the situation. It’s very difficult, if not impossible, to put a price on aesthetics. In landscaped areas, aesthetics dictate that there will likely be little tolerance of pests, and its cost can be steep. Economics commonly drive thresholds in production agriculture. When thresholds are known for a certain pest and commodity, by monitoring the pest numbers, it can be determined the proper time to treat. In reality, thresholds are dynamic and are affected by a number of factors, including pest and crop stage of development, environmental conditions, commodity prices and if multiple pest species are present. Where there are health concerns, thresholds can be very simple – pests that can cause disease will not be tolerated.

20. This slide graphically demonstrates a simple threshold. On the vertical axis, we see the pest density. This is plotted over time on the horizontal axis. It shows that a treatment should be applied at the stage where pest numbers reach a point that will be causing more damage than can be withstood. For example, a threshold in citrus may be 5 mites found per leaf when treatment is justified. It is at this point where treatment should be made to prevent economic loss from the damage caused by the mites.

21. The only way that we can ascertain if this type of threshold is effective is by monitoring. In the previous graphic example, monitoring told us that mites were present along with their densities. We know through research and experience that when the population reaches 5 mites per leaf, treatment is warranted. Subsequent monitoring will determine if the treatment was effective against the mite population, but will also give us information on other pest species that need watching.

22. Unfortunately, control measures can have adverse effects. These effects should be taken into consideration prior to selecting a tactic. Consider if people will be on or near the site to be treated. In Florida labor-intensive agriculture, that is commonplace with workers. Because there are densely populated urban areas, often adjacent to sites of production agriculture, people who don’t necessarily work on the agricultural establishment can be affected. The same may be stated for control tactics used for pests in urban sites – people will be around. Our natural resources, air and water should be taken into account. In this state, one is never far from water, be it ground or surface sources. The bottom line is to keep in mind that most sites, in some manner, will be disrupted by a control action. This disruption may be in the form that beneficial organism populations will be reduced such that pest numbers may soon increase again or a different pest species’ population will greatly increase.

23. Although in theory it has been practiced for a very long time, the concept of IPM, for Integrated Pest Management, has only been around for a short time. The IPM philosophy has several cornerstones – combining both natural and applied control methods, reduction of pests to an acceptable level and does not necessarily rely strictly on pesticides to do so.

24. The keys to a successful IPM control program are quite involved, but it begins with knowing how to identify pests and all of the other factors listed here that we have discussed in greater detail.

25. Let’s look at some examples of control tactics used in IPM programs, first with natural control. We can break out 5 main categories that would fit under this heading – climate, natural enemies, geographic barriers, food and water supply and shelter. We’ll take each of these and provide a specific example.

26. Pests are dependent upon climate for their reproduction, development and survival. When the climate is unsuitable for a certain pest species, then it really becomes irrelevant. It’s not possible to alter climate in many cases, but in some places on a smaller scale it can be done. For example, controlled environments such as greenhouses can be manipulated.

27. In too many cases, people don’t take into account the tremendous role that natural enemies play in keeping pest populations in check. When a natural enemy of a certain pest is taken out of an ecosystem for whatever reason, pest populations can explode. Natural enemies come in all forms of life as can be seen by the examples listed on this slide.

28. Geographic barriers, including mountain ranges and large bodies of water may prevent a pest from naturally migrating into a distant location. Many of our pests in the United State are present because of human activities which assisted in their importation. Although soybean rust had been present in South America, it is thought that a hurricane was necessary to blow the pathogen’s spores into this country – many miles over open water.

29. This is a simple equation to eliminate certain pests. Take away their food and water sources and you take away their survival. This is a key concept in urban pest management where indoor pest control is desired. Eliminating standing water sources where practical can be an effective measure in reducing numbers of mosquitoes.

30. Many pests will depend upon shelter for overwintering or hiding purposes. Sites which harbor plant debris, such as former crop residues, including stalks and leaf litter, and field or grove borders with weeds and/or woods are ideal for such overwintering activities.  

31. Now let’s look at applied control measures that can be used in pest control programs. These measures are those that are actually easier to initiate and manipulate than those natural control measures. We can classify these as using host resistance, biological control, cultural control, mechanical control, sanitation and chemical control. Like the natural control measures, we’ll look at some examples of each tactic.

32. Selecting certain plant species and varieties for defending pests is a simple concept for using the term, host resistance. Host resistance can work in 3 ways. First, the host plant possesses some chemical that will either repel or prevent the pest from completing its life cycle. Plants that have had Bt incorporated into their genetic makeup are an example for defending against insects. A second manner in which host resistance is effective is that certain varieties are more vigorous under a certain set of conditions. When a plant is healthy and actively growing, pest damage may be minimized. In landscape settings, ornamentals that are stressed may be more prone to disease or insect damage because they are not healthy enough to combat the action of the pest. The third method of how host resistance works is that the plant has some physical characteristic that make it difficult for the pest to attack. A plant may have hairs or waxes present on its surfaces that prevent a pest from reaching its tissue.

33. A pest’s natural enemy may already be present in any given location. In some cases, predators or parasites specifically targeting a certain pest may be purchased and then released into the target area if they were not there. These should not be thought of as a means of eradication. In some instances, satisfactory control may be achieved by using predators or parasites alone; in others, they may be only a supplement. The use of sterile male insects is a simple concept. The insects are sterilized in the laboratory, then, released into a certain area. The idea is that the sterile males will mate with females of the wild population and they in turn will lay unfertilized eggs. In time, the insect population would be reduced. Pheromones are probably most effective used as an aid to monitor insect populations. Sometimes a manufactured pheromone is produced and then released to confuse males and prevent mating. Releasing juvenile hormones to an area can reduce pest numbers by keeping some immature insects from becoming reproducing adults. Microbial pesticides include such products that contain Bt and have been widely accepted for many specific insect pests. 

34. Cultural control involves a variety of tactics. Crop rotation is one of the most commonly practiced cultural methods. The goal is to plant a host crop that is not susceptible to a certain pest that is present on that site. Trap crops attract a certain pest away from its host. Pruning may remove diseased plant material or it may be done to promote plant vigor. Pruning can also be effective in opening up the canopy to promote better air circulation, thus creating an environment which is less conducive to plant pathogens. By altering the planting date, damage from a certain pest may be avoided simply because of the lack of the pest’s presence at that particular time. Altering the harvest date can “cut the crop out from under the pest.” Adjusting row width has been effectively used for enhanced weed control from the shading effects over the soil surface. The narrower rows close their canopy in a shorter period of time, thus there is less light penetration directly to the soil. Optimal sunlight is required for weed seed germination.

35. Mechanical control, such as using screens, is a common recommendation in structural pest IPM programs to prevent pest entry. Trapping for vertebrate pests can be effective, but is more useful as a monitoring technique for insects. Light, heat and cold can be used to suppress or eradicate some pests. Steam sterilization of soil, potting media and containers can effectively eliminate pests.

36. Clean-up of garbage and plant residues attempts to create an environment that is not conducive for pest habitat. Proper manure management can be effective for insect control in livestock confinement areas. Planting pest-free seed and transplants is the best way to get a crop off to a clean, vigorous start. Using disinfectants to decontaminate pruning equipment can prevent disease spread in sites such as greenhouses, groves and nurseries.

37. Chemicals may be the fastest and only way to control some pests in certain situations. They may do so by repelling the pest or by a poisoning action. Plant growth regulators are officially classified as pesticides. They are used to synthetically alter normal plant growth into some desired growth pattern. With some crops, it is desirable to remove the foliage chemically with a defoliant to facilitate harvesting. These and desiccants are also classified as pesticides.

38. Pesticide resistance developed soon after the onset of modern day chemical pest control. The house fly was the first pest known to become resistant to the early chemical insecticide DDT, shortly after it became widely used.  Today, there are many types of organisms, not just insects, that are resistant to pesticides that once effectively controlled them under normal circumstances. 
39. There are several reasons for resistance. The most commonly accepted reason is that pests within a population vary in their susceptibility to a given pesticide mode of action. If there are only a few members of that population who have resistance traits, they will eventually be selected out by continued use of the pesticide mode of action. Over time, there numbers will increase and they will become the dominant population. It is for this reason that resistance management stresses the need to rotate different chemical modes of action when selecting a pesticide. Emphasis should be placed upon understanding the products that are available with different modes of action. Although not common, genetic mutation can be responsible for resistance.

40. Resistance to a pesticide should not be the first thing to blame when a control failure occurs. There are likely other reasons or combination of reasons. These include choosing the wrong pesticide for the job or not applying the proper rate at the proper time. The failure may have been due to a simple incorrect identification of the pest, thus choosing the wrong pesticide and/or use pattern. Perhaps the wrong equipment was selected to do the job or even the right equipment will not be effective if not accurately calibrated to deliver the intended amount. Another reason for control failure was that a reinfestation may have occurred. The original population may have been controlled, but it was a short-lived period of control because a contact or non-persistent pesticide was applied. When it comes down to pest control failure, most often the reason is human error.

Unit 2: Pesticide Labeling
41. Title slide. This unit will discuss EPA approval of labeling, types of registration, classification of pesticide uses and then we will learn about all of the main sections of information contained in labels.

42. After you complete this section, you should be able to interpret the terms, label and labeling; identify the meaning of Restricted Use; distinguish among the terms common, chemical, and brand names; interpret signal words; know the types of hazard precautionary statements; 
43. interpret the statement “It is a violation of Federal law to use this product in a manner inconsistent with its labeling; and, explain the pesticide user’s responsibility to follow use directions.
44. The product label is the main way of communicating the information regarding the product’s safe and effective use between the manufacturer and the end user.

45. The information printed on or attached to the pesticide container is the label. A similar term, labeling, refers to the label itself, plus all other information you receive from the manufacturer about the product when it is purchased. Labeling may include brochures, leaflets and other information that accompanies the product. Pesticide users are responsible for complying with all instructions contained in the labeling.

46. Before any pesticide is sold in the United States, it must meet EPA’s approval. EPA reviews the manufacturer’s application to determine if the use of the product will not pose an unreasonable risk to humans or the environment. There are certain requirements regarding the language that goes into the label that the manufacturer must produce.

47. EPA reviews the labeling to make sure that it contains all the information needed for the safe and effective use of the pesticide product and that the information is backed up by data submitted by the manufacturer. EPA may require the manufacturer to change the labeling if it does not contain enough information or if the information is inaccurate. EPA may also require that the label contain other information about laws or regulations that have been adopted to protect humans or the environment.

48. There are three main ways by which pesticides are registered: federal registration, special local needs registration and emergency exemptions from registration.

49. Federal EPA registrations are the most common. Most pesticide uses are registered this way. Look for the official EPA registration number to be sure that the product is approved.

50. Special local needs, also known as SLN or 24c registrations allow states to further control how the pesticide is used in their jurisdiction, including registering additional uses or adding limitations for a federally registered pesticide. These registrations often involve adding application sites, pests, or alternate control techniques to those listed on the federal label. Supplemental labeling must be provided for each SLN registration.

51. Emergency exemptions are used when an emergency pest situation arises for which no pesticide is registered. If both Federal and SLN registrations would take too long to enact, an emergency registration can be used. Known as “Section 18” exemptions, these registrations are handled by high-ranking governing officials – a State governor or Federal agency head.

52. EPA categorizes every use of every pesticide as either “unclassified” or “restricted use.” Many times all the uses of a particular formulation are classified as restricted or all are unclassified. Sometimes, however, certain uses of a formulation are restricted and other uses of the same product are not. In these cases, the directions for use for the two classifications must be clearly separate from one another. Entirely different packaging and labeling are used.

53. A pesticide, or some of its uses, is classified as restricted if it could cause harm to humans or to the environment unless it is applied by certified applicators who have the knowledge to use these pesticides safely and effectively. Use refers to all phases of pesticide activities, including application, mixing and loading, transporting, storing, handling, care and maintenance of application equipment and disposal of pesticides and their containers.

54. There are two main types of certified pesticide applicators – private applicators and commercial applicators. Private applicators use of supervise of restricted pesticides to produce agricultural commodities on property owned or rented by themselves or an employer, or on the property of another with whom they trade services. Commercial applicators use of supervise the use of restricted pesticides on any property or for any purpose other than that listed for private applicators.

55. Certification requires training or testing for competency in the safe and effective handling and use of restricted pesticides. Each state may impose stricter standards than those designed by Federal law. 

56. The information on pesticide labeling usually is grouped under headings to make it easier to find the information you need. Some information is required by law to appear on a certain part of the labeling or under certain headings. Other information may be placed wherever the manufacturer chooses. During the remainder of this section, we’ll go through each of the major label headings and discuss their meaning.

57. Each manufacturer has a brand name for each of its products. Different manufacturers may use different brand names for the same pesticide active ingredient. Most companies register each brand name as a trademark and do not allow any other company to use that name. The brand or trade name is the one used in advertisements and by company salespeople. The brand name shows up prominently on the front panel of the label, in this case, “Imidan.”

58. Each pesticide label must list what is in the product. The list is written so that the active ingredient can be readily seen as the percentage amount of the total formulation. The ingredient statement must list the official chemical name, or common name, for each active ingredient. Inert ingredients need not be named, but the label must show the percentage of the total contents that they make up. In this example, we see that the common name of the product’s active ingredient is phosmet along with the complex listing of radicals comprising its chemical name and that it composes 70 percent of the total formulation.

59. The registration number indicates that the pesticide label has been approved by the EPA. Most registration numbers contain two sets. The first set, 10163, identifies the product’s manufacturer, and the second set, 169, identifies the product. The establishment number appears on the label or the container. It identifies the facility where the product was made. In case there are questions or concerns about the product, the facility can be determined.

60. The law requires the maker or distributor of a product to put the name and address of the company on the label. This is for consumers to know who made or sold the product.

61. The total net contents of the product’s formulation will be stated on the label’s front panel. Liquid products may also have a statement that lists the pounds of active ingredient per gallon of product.

62. The type of pesticide is usually listed on the front. It will be a very short statement identifying the pesticide type and sometimes including the general pests it controls when applied to the proper commodities and/or sites, such as “insecticide for the control of certain insects on fruits, nuts and ornamentals.”

63. The front panel of some labels will state the formulation type of the product. Some may actually spell this out; while some may show only an abbreviation, such as WP or EC.

64. When a pesticide is classified as restricted-use, the label will have a box on the front panel. Below the heading may be a statement that describes the reason for this classification. In this example, the restricted-use classification is due to ground and surface water concerns. Pesticides that are not restricted, or unclassified, have no designation on the label.

65. The signal word, DANGER, WARNING, or CAUTION must appear in large letters on the front panel. It indicates how acutely toxic the product is to humans. The signal word is directly below the child warning, “Keep out of reach of children,” which must appear on every label. This product, which carries the signal word, “CAUTION,” signals that the product is slightly toxic or relatively nontoxic. The product has only slight potential to cause an acute illness. The skin or eye irritation it would cause, if any, is likely to be slight.

66. The signal word, “WARNING,” is an indication the product is moderately toxic if there is an acute exposure or that the product is likely to cause moderate skin or eye irritation.

67. The word, “DANGER,” signals that the product is highly toxic and can cause severe eye damage or skin irritation. These products will not carry the word, POISON, or the skull and crossbones symbol.

68. If the word, “POISON,” along with the skull and crossbones also appears, then the product is highly toxic through any route of exposure.

69. Most pesticide products are required to include instructions on how to respond to an emergency exposure involving the product. The instructions usually include first aid measures and may include instructions to seek medical help. If the Statement of Practical Treatment is not located on the front panel, a statement on the front panel must refer the user to the section where the information may be found.

70. The hazards statement includes which route of entry is most acute in the product’s effect. Also, if there is a potential for the product to cause delayed or allergic effects, this section will convey that information.

71. The personal protective equipment statement will be in this section. It will tell the applicator or product handler the minimum ppe that must be worn. This will vary depending upon the type of activity associated with using the product. For example, there may be reduced ppe requirements when safety systems, such as closed systems or enclosed cabs are used with the product.

72. The Environmental Hazards section will contain statements for protecting the environment when handling the product. Many labels will contain warnings to not contaminate water in very general terms. Another common warning that may be seen in this section is a toxicity statement regarding bees and other wildlife.

73. Physical or chemical hazards are not located in the same place in all pesticide labeling. There may be no statement at all if there are no such concerns with the product. Those products that do list this information may have warnings about storing the product near heat or open flame, or mention that the product is corrosive.

74. The Directions for Use section of the label comprises the largest body of information regarding the product. It also contains some general statements; but, all pesticides will have the following statement directly under the section heading: “It is a violation of Federal Law to use this product in a manner inconsistent with its labeling.”

75. Federal law does allow the use of pesticides in some ways not specifically mentioned in the labeling. These uses include: applying a pesticide at any dosage, concentration or frequency less than listed on the label; applying a pesticide against any target pest not listed on the labeling if the application is to the plant, animal or site listed; use any equipment or method of application not prohibited by the label; and, mix two or more pesticides, if all dosages are at or below the recommended rate.

76. This is a listing of the other types of information that may be found under the Directions for Use heading. Some products may have labels containing many pages of these directions.

77. Some labels will contain precautions about entering a treated area after application. This will state how much time must elapse before a person can enter the area that was treated. The statement may be printed in its own box or under “Worker Protections,” or “General Information,” or “Note.” If the entry restriction only applies to agricultural uses, then it may be found in “Agricultural Use Requirements.”

78. All pesticide labeling contains some instructions for storing the pesticides. These may state specific temperature requirements or be in general terms, such as “do not allow product to freeze.” It is also this section where disposal means which are acceptable under Federal regulations can be found; however, state and local laws vary, so the label is not specific for every situation.

79. The label is the law and all product users are responsible for adhering to the label instructions.

Unit 3: Formulations
80. Title slide. This unit will discuss the primary pesticide formulations that are available to applicators of pesticides.

81. After completing this section, you should be able to explain what a pesticide formulation is; distinguish between active and inert ingredients; identify factors to consider when choosing a formulation; use your knowledge of the characteristics, advantages, and disadvantages of different formulations; and, recognize the purpose of adjuvants and list several types.

82. Pesticides are formulated with several major components. All contain an active ingredient, sometimes referred to as the “ai.” This is the part of the formulation that is responsible for the controlling action of the product – either destroying or repelling the target pest. In most cases, a pesticide’s concentrated ai is unsuitable to be applied alone because it may be chemically unstable. For example, the concentrated ai may not mix suitably with water. The formulation’s inert ingredients are added by the manufacturer to make it easier, safer and more effective to handle and apply. A final component, but not always added by the manufacturer, of the formulation is an adjuvant. There are many different types of adjuvants that have differing purposes; however, they are added with the formulation for the same reasons as the inert ingredients – to make the product easier, safer and more effective. Examples of adjuvants include wetting agents, stickers and spreaders.

83. A single active ingredient often is sold in several different kinds of formulations. If you find that more than one formulation is available for the pest control situation, you must choose the best one for the job.

84. When considering choosing a particular formulation, you must take into account several considerations, such as having the right equipment to apply the material, if the formulation can be applied safely under the existing conditions, if it will reach the intended target and stay in place long enough to provide satisfactory control, and if the formulation will harm the surface to which it was applied.

85. Let’s look at some of the most commonly available liquid formulations, all which are applied in the liquid form. The letter symbol for each will often appear on the front panel of the product’s label. RTUs refer to ready-to-use products. We see that E or EC represents an emulsion or emulsifiable concentrate; S, SL or Sc, a water-soluble liquid; and AS, F, L, FL or WDL designates water-dispersible liquids such as a flowables and aqueous suspensions. 

86. The number that appears preceding this code on the label is the amount of active ingredient that the product contains on a per gallon basis. In this example, although Lorsban contains the same active ingredient, but it may be available in different concentrations.

87. The label on this product states that it contains 4 pounds of active ingredient per gallon. Usually, products will range from 2 to 8 pounds of active ingredient per gallon.

88. An emulsifiable concentrate formulation usually contains a liquid active ingredient, one or more petroleum-based solvents, and an agent that allows the formulation to be mixed with water. The majority of these products are oils suspended in water, or referred to as a normal emulsion; the agent that allows it to be mixed with water is known as an emulsifier. This photo shows the concentrated product in the beaker to the left and when mixed with water, they tend to form a milky consistency. There are a few products available as invert emulsions, which is water suspended in an oil-based carrier.
89. They are used in a wide range of pest control industries, are relatively easy to handle, require slight agitation, are not abrasive to equipment, do not plug screens or nozzles and leave little residue on treated surfaces.  Some disadvantages include potential for plant injury, easy absorption into human skin, deterioration of rubber or plastic hoses, discoloration of painted surfaces, corrosiveness, and flammability.

90. Some pesticide active ingredients dissolve readily in a liquid solvent, such as water or a petroleum-based solvent.  When mixed with the solvent, they form a solution that will not settle out or separate.  Solutions may be used in any type of sprayer indoors or outdoors.
91. Some solutions are products that contain the correct amount of pesticides pre-mixed into them and require no additional dilution and mixing. These products often contain small amounts of active ingredients and many are designed for use around the home.
92. Water-dispersible liquids, such as flowables, contain insoluble solids that are finely ground and mixed with a liquid, along with inert ingredients, to form a suspension.  Flowables are mixed with water for application and are similar to emulsifiable concentrates or wettable powders in ease of handling and use and are used in many of those same types of pest control applications.

93. Smoke- and fog-generating formulations broken into a fine mist or fog and are used mainly for insect control within structures, such as warehouses and greenhouses. They easily fill the entire space with pesticide upon release, but require specialized equipment, are difficult to confine to the target site, and may require respiratory protection to prevent inhalation injury.

94. Invert emulsions contain a water-soluble pesticide dispersed in an oil carrier. They require a special kind of emulsifier that allows the pesticide to be mixed with a large volume of petroleum-based carrier. When applied, invert emulsions form large droplets that do not drift easily. They are most commonly applied for vegetation control along rights-of-way where drift especially needs to be minimized.
95. The abbreviations listed are for some of the more common dry pesticide formulations commercially available. These include dusts, baits, granules, wettable and soluble powders, dry flowables and water-dispersible granules.

96. Dusts are generally ready-to-use and contain a low amount of active ingredient along with a very fine inert carrier made from talc, chalk, clay, nut hulls or volcanic ash. Dusts easily drift into nontarget sites because of their light weight. They may be used in agricultural settings, but also in the structural pest control industry where they are applied in cracks and crevices.

97.  A bait formulation is an active ingredient mixed with food or another attractive substance, so it does not require mixing. The bait either attracts the pests or is placed where the pests will find it. A common characteristic with dusts, the amount of active ingredient in most bait formulations is quite low, usually less than 5 percent.

98. Baits are used inside structures to control ants, roaches, flies and other insects and for rodent control. Some baits are available for lawn and garden use to control pests such as slugs and snails and ants. Consideration of placement location is important because they can be attractive to children and pets, and other non-target animals may be poisoned as a result of feeding on the bait. Advantages of baits are that they are ready to use, the entire area does not need to be covered since the pest will come to the bait, and they control pests that move in and out of the area.
99. Granular products are bound on a dry inert ingredient substance and applied as is. They are widely popular in use on lawns; many active ingredients are available impregnated on fertilizer particles and applied with various types of spreaders.

100. They are sold as ready-to-use products and because of their weight, drift is of little concern. However, off-target movement is still a potential hazard with granules in that rain or wind can move them. Their heavy weight causes them to be bulky when handled as they tend to contain only a small portion of active ingredient. Their distribution to the target site is more difficult to cover uniformly than a pesticide applied as a liquid spray. Another drawback is that there is potential for consumption by non-target organisms, such as birds. Their degradation process slowly releases the active ingredient over time, usually when activated by moisture. Some granular product labels will have instructions on incorporation into the soil for best results.

101. Wettable powders are dry, finely ground formulations that look like dusts, but contain a wetting agent that allows their mixing with water. They usually must be mixed with small amounts of water to form slurries before loading into application equipment to be applied as a spray. The beaker on the right has some of the product settling out to its bottom after only a short amount of time. Wettable powders usually contain at least 50 percent active ingredient.

102. The particles do not dissolve in water and settle out quickly unless constant agitation is used to keep them suspended.  Compared to emulsifiable concentrates, they are less likely to cause harm to treated plants and surfaces and are not as readily absorbed into the eyes and skin.  They do pose some inhalation hazard to the applicator during the pouring and mixing process; they are abrasive to pumps and nozzles and often clog nozzles and screens.

103. Dry flowable and water-dispersible granules are like wettable powder formulations, except the active ingredient is prepared as granule-sized particles.

104. They possess the same advantages and disadvantages as wettable powders, except they are easier to measure and mix, and they pose less of an inhalation hazard to the applicator during the pouring and mixing process.

105. Fumigants may be sold formulated as liquids, solids or gases. Those that are solids and liquids evaporate into the gaseous state during or shortly after their application. Gas formulations are designed to be metered into the target site. They are used in a wide array of settings, including structures such as greenhouses, warehouses and dwellings, ships, boxcars, aircraft, trucks, and storage facilities. Some are labeled to be applied to the soil.

106. They are highly toxic to a wide range of organisms; their primary targets are insects and vertebrate pests. Because they are gases, they easily move off-site if not in a confined space. In spaces that are not confined, proper sealing is required and then adequate ventilation prior to re-entry. Each fumigant label will specify the type of respiratory protection that is necessary while handling. Advantages of fumigants are that they are toxic to a wide range of organisms, can penetrate into places where it is impossible for other pesticides to reach, and usually a single application is all that is necessary for adequate control.

107. Not often, but accidents do happen with these materials. This is an unfortunate example that occurred in Fort Lauderdale in the 1990’s following a structural fumigation job.

108. Most pesticide formulations contain at least a small percentage of adjuvants. They can be thought of as chemicals that are added to the formulation or tank mix to make the pesticide formulation safer or more effective. There are many different types of adjuvants available as can be seen listed here.

109. If it is necessary to add an adjuvant to the tank, the pesticide label will give specific instructions to the user.
Unit 4: Pesticides in the Environment

110. Title slide. This unit will review the meaning of the term, “environment,” explain factors that should be considered before releasing a pesticide into the environment, look at routes by which pesticides can move offsite, describe harmful consequences of offsite pesticide movement, and explain how pesticides degrade after their application.
111. After you complete this section, you should be able to explain the meaning of the word, environment; distinguish between point- and non-point-source contamination; explain why sensitive areas are important considerations for pesticide handlers; name the routes by which pesticides can move offsite into the environment;
112. describe factors that influence whether pesticides will move offsite in the air; describe factors that influence whether pesticides will move offsite in water; describe ways that pesticides move offsite in or on objects, plants, or animals; recognize that nontarget plants and animals can be harmed by both pesticides and pesticide residues; and, describe harmful effects that pesticides have on surfaces.
113. The environment is everything that is around us.  It includes not only the natural elements that the word “environment” most often brings to mind, but also people and the manmade components of our world. It also includes the indoor areas in which we live and work.
114. The environment, then, is much more than the oceans and the ozone layer.  It is air, soil, water, plants, animals, houses, buildings and all that they contain.  Anyone who uses a pesticide – indoors or outdoors, in a city or in the country – must consider how that pesticide will affect the environment.
115. The user of pesticides must ask two questions: 1) How will this pesticide affect the immediate environment at the site where it is being used? 2) What is the potential that the pesticide will move out of the use site and cause harm to other parts of the environment?
116. Pesticide product labeling statements are intended to alert you to particular environmental concerns that a pesticide product poses. The lack of a particular precautionary statement does not necessarily mean that the product poses no hazard to the environment. The Environmental Protection Agency (EPA) looks closely at environmental effects as it considers new applications for product registrations. It also looks at existing registrations to judge if they are deemed fit for continual use patterns. Some pesticides are classified as “restricted use” pesticides because of the hazard they pose to the environment.

117. There are two sources of environmental contamination which may occur. It is either point-source or non-point-source pollution.

118. Point-source pollution comes from a direct transfer. An example would be a pesticide spill that enters into a storm sewer. Other sources of point-source pollution include wash water and spills produced at equipment wash-down sites, improper disposal of containers, leaks and spills from storage areas, and spills from mixing and loading application equipment.

119. Non-point-source pollution can be difficult to identify because it can come from a broad area. Pesticides entering into a body of water, such as a stream, are one example of non-point source pollution.

120. Any applicator should consider the consequences of what can potentially happen. Such as if there are sensitive areas at the use site that may be harmed, if there are sensitive areas that may be harmed from off-site movement, if there are environmental conditions that may cause the pesticide to move offsite, and if there are any factors that can be adjusted to reduce the risk of contamination.

121. Sensitive areas outdoors include: 1) areas near water sources; 2) areas near schools, playgrounds, hospitals and other institutions; 3) areas near endangered species habitats; 4) areas near honeybees, wildlife refugees or parks; or 5) areas near sensitive plants.

122. Because pesticides are commonly used indoors, they should be considered sensitive as well. These types of areas would include any place where: 1) people live, work or are cared for; 2) food or feed is processed, prepared, stored or served; 3) domestic or confined animals live, eat, or are otherwise cared for; and 4) ornamental or other sensitive plantings are grown or maintained.

123. There are ways that sensitive areas can be treated, but should be treated with some precautions. In some cases, leaving an untreated buffer zone around the sensitive area is practical. Using secondary containment in mixing and loading areas is another way that prevention can be used in order to avoid creating a problem. Products will have statements on their labels regarding specifics – check in the “environmental hazards” section.

124. Pesticides that move away from their target sites may cause environmental contamination. They may move in several ways – through the air, in water, either runoff or leaching, or on objects, plants, or animals.

125. Pesticide movement away from the release site is usually called drift. Pesticide particles, dusts, droplets and vapors all may be carried offsite in the air. Indoors, some pesticides move offsite in the air currents created by ventilation and forced-air systems. This slide shows drift damage to the foliage on a tree that was sensitive to a herbicide applied in a nearby field.
126. Lightweight particles are easily carried by moving air. High-pressure and nozzles with relatively small orifices produce very small spray droplets which are more likely to drift. Also those that are applied from a greater height or in an upward direction are more prone to drift. Typical labeling statements pertaining to drift that you will see include: do not apply when weather conditions favor drift from areas treated; do not allow drift onto plants intended for food or feed; and drift from treated areas may be hazardous to aquatic organisms in neighboring areas
127.  Pesticide particles and liquids may be carried offsite in water by drift, leaching, runoff, spills, leaks, back-siphoning from mixing, and improper disposal.

128. Most pesticide movement in water is across the treated surface, called runoff, or downward from the surface, known as leaching. Runoff water carrying pesticides can move considerable distances through drainage ditches and streams. In indoor settings, runoff water can get into domestic water systems and from there into surface and ground water. Runoff can flow into floor drains or other drains and into the water system.
129. Typical pesticide labeling that will alert the user of water contamination concerns include: “do not contaminate water through runoff, spills, or improper disposal of excess pesticide, spray mixtures, or rinsates”; “do not allow runoff or spray to contaminate wells, irrigation ditches, or any body of water used for irrigation or domestic purposes”; “do not apply directly to water and wetlands (swamps, bogs, marshes, and potholes”; “maintain a buffer zone (lay-off distance) of 100 feet from bodies of water; and this product is water soluble and can move with surface runoff water.” “Do not contaminate cropland, water, or irrigation ditches.”
130.  Pesticides can move away from the release site when they are on or in objects or organisms that move offsite. They may stick to animal fur, shoes or clothing, and be blown with dust. Pesticide handlers may also have clothing that is contaminated.

131. Pesticides may stick to treated surfaces, such as food or feed products that are to be sold. To protect consumers, there are legal limits, called tolerances, for how much pesticide residue may safely remain on crops or animal products that are sold for food or feed. Products that exceed these tolerances are illegal and can’t be sold. Crops and animal products will not be over tolerance if the pesticide is applied as direct on its label.

132. Illegal residues usually result when: too much pesticide is applied to the crop or animal; the days-to-harvest, days-to-grazing, or days-to-slaughter directions on the pesticide labeling are not obeyed, or pesticides move out of the release site and contaminate plants or animals nearby.
133. Label statements will have wording in regards to preventing illegal residues such as “do not apply within x days to harvest;” “do not apply under conditions involving possible drift to food, forage, or other plantings that might be damaged or the crops thereof rendered unfit for sale, use, or consumption;” “remove meat animals from treated areas at least x days before slaughter if they were present at application or grazed treated areas within x days after application;” and “do not pasture or feed treated hay to lactating dairy cattle within x days after application.”
134.  Pesticides may harm nontarget organisms that are present during a pesticide application. Bees, other wildlife, livestock, pets, sensitive plants, aquatic life and people can potentially be injured from pesticides that are applied to their habitats or may be injured from pesticides that have moved offsite. There will be label statements that address these potential problems.

135. A Residue is the part of a pesticide that remains in the environment for a period of time following its release. Pesticides usually break down into harmless components and this breakdown time ranges from less than a day to several years. The rate of breakdown usually depends mostly on the chemical structure of the pesticide’s active ingredient. It will also be affected by environmental conditions including the surface type, pH, surface moisture, presence of microorganisms, temperature, and exposure to direct sunlight.

136. Persistent pesticides leave residues that stay in the environment without breaking down for long periods of time. This can be desirable where long-term pest control is the goal. However, subsequent injury can occur to sensitive living organisms. This slide shows wheat that was injured from a soil-applied herbicide to the previous crop.

137. When pesticides build up in the bodies of animals or in the soil, they are said to accumulate. Mixing, loading, storage and clean-up sites that have frequently had pesticide spills are likely sites to have accumulations in the soil. This poses several problems. These sites have a high likelihood of offsite movement of pesticides to cause contamination. Also, animals can be harmed when they feed on plants or animals that have residues on or in them. Predacious animals can be harmed by the residues remaining on or in the bodies of dead animals. This slide shows an old pesticide storage site that was not carefully maintained. It is a strong candidate to have problems of accumulation.

138. Some surfaces are harmed by pesticides or their residues. They may become discolored, pitted or marked by contact with some pesticides. Some pesticides can cause corrosion while others may leave visible deposits. There will be label statements warning the user of such potential problems.

Unit 5: Special Environmental Concerns
139. Title slide. Concerns about wildlife and the environment have progressively become more important in decisions about which pesticides will be registered and what they may be used for.
140. After you complete this section, you should be able to name pesticide handling activities that pose a threat to ground water or endangered species; explain why the location of your pesticide use site is the main factor that determines whether you must take special steps to protect ground water and endangered species; explain where to find out whether your pesticide use is subject to any special limitations related to ground water or endangered species; name factors that determine whether pesticides will reach ground water; describe actions that pesticide users can take to avoid pesticide contamination of ground water; explain how water on surfaces at the release site affects movement of pesticides into ground water; 
141. explain how the solubility, adsorption, and persistence of a pesticide influences its movement into ground water; explain how soil type affects movement of pesticides into ground water; describe how the geology of a release site affects the movement of pesticides into ground water; define endangered species; explain the concept of habitat; define biological diversity; and, describe how pesticides may harm endangered species.

142. Two environmental concerns are at the forefront, particularly in Florida: protection of ground water and protection of endangered species. These two areas will be discussed in more detail in this unit, especially in relation to pesticides and their use. Federal and State efforts to protect ground water and endangered species are resulting in new instructions and limitations for pesticide handlers. No matter where an applicator is located, it is important to recognize the need of protecting these two vital resources.
143. Pesticides that are incorrectly or accidentally released into the environment – either during the application or during handling activities, such as mixing, loading, equipment cleaning, storage, transportation, or disposal – pose a threat.
144. Taking special action to protect ground water and endangered species depends mainly on the location of the use site. Ground water contamination is of greatest concern in release sites where ground water is close to the surface or where the soil type or the geology allows contaminants to reach ground water easily.
145. Protection of endangered species is required in the location where they currently live or are being reintroduced. Read the pesticide label to determine if the product’s use is subject to any limitations.
146. The EPA may establish specific limitations or instructions for pesticide users in locations where ground water or endangered species are most at risk. These limitations may be too long to print directly on the label, so it may refer the user to another source for all of the details. There is still a legal responsibility for following these instructions.
147. Ground water is located below the earth’s surface. Usually, it occurs in rock and soil, and not vast underground lakes, rivers and streams. In limestone areas, ground water may move relatively fast through large underground channels or caverns. When it’s located in rock in soil, it moves very slowly and relatively little.
148. Ground water that provides significant quantities of water to a well or spring are called aquifers. Contamination of aquifers is a very big concern since these aquifers are sources of household and irrigation water.
149. Ground water is recharged mostly from rain that leaches through the soil profile. Some water from lakes and streams and from irrigation also will eventually become ground water. Water that moves down into the saturated zone is the uppermost layer of ground water and is called the water table.
150. When water that is moving downward from the surface contains pesticides, or comes into contact with them as it moves, the pesticides may be carried along with the water until it reaches ground water.
151. Two of the major factors that determine if a pesticide will reach ground water include applicator practices and the presence or absence of water on the site surface.
152. Additional factors that determine potential ground water contamination include the chemical characteristics of the pesticide, the distance that the groundwater is located from the surface and the type of geological formations above it.
153. The best way to avoid contamination of ground water is to follow label directions. The label may instruct you to take some special precautions that will help bolster common sense practices.
154. Avoid the temptation to use more pesticide than the label directs. Overdosing will increase both the cost of pest control and the odds that the pesticide will reach ground water. Overdosing is also illegal.
155. Consider whether your application method presents any special risks. For example, soil injection of some pesticides may not be wise when ground water is close to the surface.
156. Take precautions to keep pesticides from back-siphoning into your water source.
157. Locate pesticide storage facilities at least 100 feet from wells, springs, sinkholes and other sites that directly link to ground water to prevent their contamination from runoff or firefighting water.
158. Whenever possible, locate mix-load sites and equipment-cleaning sites at least 100 feet from surface water or from direct links to ground water. This will help prevent back-siphoning, runoff and spills from contaminating the water sources. If you must locate one of these work sites near a water source, use methods such as dikes, sump pits, and containment pads to keep pesticides from reaching the water.
159. Do not contaminate ground water through improper disposal of unused pesticides, pesticide containers or equipment and container rinse water. Dispose of all pesticide wastes in accordance with local, State, tribal and Federal laws.
160. Prolonged heavy rain or excessive irrigation will produce excess water on the soil surface. If weather forecasts or your own knowledge of local weather signs cause you to expect heavy rain, delay outdoor handling operations – including mixing and loading, application and disposal – to prevent wash-off, surface runoff or leaching.
161. Pesticide movement into ground water is affected by both the amount of water used in irrigation and how soon before or after a pesticide application the irrigation is done. If irrigation water contains pesticides, care should be taken to prevent it from flowing into water sources.
162. Some pesticide chemicals are more likely than others to move to ground water. Such movement depends mainly on: 1) solubility – some pesticides dissolve easily in water and are more likely to move into water systems; 2) adsorption – some pesticides become tightly attached to soil particles and are not likely to move out of the soil and into water systems; and 3) persistence – some pesticides break down slowly and remain in the environment for a long time. These factors are all related to one another. Pesticides that are most likely to move into ground water are highly soluble, moderately to highly persistent and are not adsorbed to soil. A nonpersistent pesticide would be less likely to move to ground water, even if it is highly soluble or not strongly adsorbed to soil. A pesticide that is strongly adsorbed to soil would be less likely to move to ground water even if it is persistent.

163. Soil is also an important factor in the breakdown and movement of pesticides. Local Natural Resource Conservation Service and Cooperative Extension offices can help determine soil types that are present in a particular area. Soil texture is an indication of the relative proportions of sand, silt and clay in the soil. Coarse, sandy soils generally allow water to carry pesticides rapidly downward. Finer textured soils generally allow water to move at much slower rates. They contain higher levels of clay and sometimes organic matter, to which pesticides may cling. Soil permeability is a general measure of how fast water can move downward in a particular soil. The more permeable soils must be managed carefully to keep pesticides from reaching ground water. Organic matter influences how much water the soil can hold before it begins to move downward. Higher organic matter-containing soils generally have little pesticide movement and soils in which plants are growing are more likely to prevent pesticide movement than bare soils.
164. The distance from the soil surface to the water table is the measure of how deep the ground water is in a given location. If the ground water is within a few feet of the soil surface, pesticides are more likely to reach it than if it is further down. The depth to ground water fluctuates over the course of the year. It varies according to the amount of water received by the soil surface, the amount of evaporation and plant uptake, whether the ground is frozen and how much ground water is being withdrawn by pumping. Spring and fall generally are the times when the water table is closest to the soil surface.
165. The permeability of geological layers between the soil and ground water is also important. If surface water can move down quickly, pesticides are more likely to reach ground water. Gravel deposits are highly permeable. They allow water and pesticides to move rapidly downward. Regions with limestone deposits are particularly susceptible to ground water contamination, because water may move rapidly to the ground water through caverns or “rivers” with little filtration or chemical breakdown. Layers of clay may be totally impermeable and may prevent most water and any pesticides in it from reaching the ground water.
166. Sinkholes are especially troublesome. Surface water often flows into sinkholes and disappears quickly into the ground water. If a pesticide is released into an area that drains to a sinkhole, even a moderate rain or irrigation may carry some of the pesticide directly to the ground water.
167. Some pesticides or certain uses of some pesticides may be classified as restricted use because of ground water concerns. Certified applicators have a responsibility to handle all pesticide safety in and near sites where ground water contamination is particularly likely. The product’s labeling may contain wording that alert applicators of ground water concerns along with special precautions.
168. Protection of endangered species. An endangered species is an organism that is in danger of becoming extinct. There are two classifications of these organisms – “endangered” and “threatened.” In this discussion that pertains to the U.S. EPA to ensure that these are protected from pesticides, we use the term, “endangered species” to collectively reflect both classifications.
169. EPA’s goal is to remove or reduce the threat that pesticide use poses to endangered species. Reaching this goal will require some limitations on pesticide use. These limitations will usually only apply in the currently occupied habitat or range of each species at risk. Occasionally the limitations will apply where endangered species are being reintroduced into a habitat they previously occupied.
170. Habitats, sometimes called “critical habitats,” are the areas of space that an endangered species needs for survival. These areas include breeding habitats, sources of food, cover, shelter and surrounding territory that gives room for normal population growth and behavior.
171. Read all pesticide labeling to find out whether the use of the product requires special steps to protect endangered species. The label may direct the user to a different source for the details about what should be done. When limitations apply, they usually will be in effect only in some specific geographic location. Limitations may occur where the site is designated as the current habitat of an endangered species and the endangered species that uses the site might be harmed by the use of the pesticide within or close to its habitat.
172. The U.S. Fish and Wildlife Service is responsible for identifying the current habitat or range of each endangered species. For aquatic species, the restricted habitat often will include an additional zone around the body of water to keep any drift, runoff or leachate in the watershed from reaching the water. The U.S. Fish and Wildlife Service is attempting to identify the habitats as accurately as possible so that pesticide use will need to be limited only in locations where it is absolutely necessary. For this reason, limitations on pesticide use may apply on one property, while a similar adjoining property may not have such limitations.
173. Why is it important to protect endangered species? Thousands of plants and animals have been considered as “endangered.” Some are species that everyone has heard about; others are tiny, little-known creatures that may rarely be seen by anyone except trained naturalists. Regardless of size or apparent significance, it is important that each is allowed to survive – mankind’s well-being depends on maintaining biological diversity. Biological diversity is the variety and differences among living things.
174. Diversity is necessary for several reasons. Agriculture relies on diversity from an historical perspective. Nearly all of today’s crops started as wild species and often are used to create new hybrids that have resistance to plant diseases and insects, better climatic tolerance and provide higher yields. Having different varieties available is necessary against devastating crop failures causes by climate extremes or major pest outbreaks.
175. Many of today’s most important medicines come from obscure plant and animal species. A mold is the source of penicillin, the miracle drug; an herb is the source of quinine, a cure for malaria. Scientists are testing countless plant and animal species around the world for sources of cures for major diseases.
176. No one can predict which species may be essential to the future of mankind. A species that is allowed to become extinct might have been the key to stopping a global epidemic or to surviving a major climate change. The extinction of a single species can set off a chain reaction of harm to other species. The disappearance of a single kind of plant from an area, for example, may lead to the disappearance of certain insects, higher animals and other plants.
177. Extinction has always been a natural part of an ever-changing process. During most of history, species have formed at a rate greater than the rate of extinctions. Now, however, it appears that human activity is greatly speeding up the rate of extinctions. People, plants and animals live together in a delicate balance; the disappearance of species could easily upset that balance.
178. The more diversity that exists in an ecosystem, the more stable it is likely to be. There is less likelihood of huge swings in populations of particular organisms. There is also less likelihood of devastation from the introduction of a new species from outside the system.
179. This slide summarizes the role of how certified pesticide applicators should regard endangered species: “the first rule of intelligent tinkering is to save all the parts.”
Unit 6: Harmful Effects and Emergency Response
180. This unit will discuss harmful effects that can be caused by pesticide exposure and emergency response. You will learn the concepts of hazard, exposure and toxicity and how they relate to one another, routes of pesticide exposure, the main types of harmful effects caused by pesticides, how to avoid these effects, signs and symptoms of exposure, first aid for exposure and finally, heat stress will be discussed.

181. After completing this unit, you should be able to explain the concepts of hazard, exposure, and toxicity and how they relate to one another; list the four routes by which your body can be exposed to pesticides, and name the route that should most concern you; list three factors that determine how quickly pesticides will be absorbed  through your skin; explain the three main types of harmful effects that pesticides can cause in humans;

182. describe how to avoid harmful effects from pesticides; describe some general signs and symptoms of pesticide poisoning and of pesticide irritation effects; describe appropriate first aid for pesticide exposures; define heat stress and describe some signs and symptoms of heat stress; and, describe appropriate first aid for heat stress.
183. Most pesticides are designed to harm or kill pests. Because some pests have systems similar to the human system, some pesticides can harm or kill humans. Fortunately, humans usually can avoid harmful effects by avoiding being exposed to pesticides.

184. Humans may be harmed by pesticides in two ways – they may be poisoned or injured. Pesticide poisoning is caused by pesticides that harm internal organs or other systems inside the body. Pesticide-related injuries usually are caused by pesticides that are external irritants.

185. Pesticides that are chemically similar to one another cause the same type of harmful effects to humans. These effects may be mild or severe, depending on the pesticide involved and the amount of overexposure. But the pattern of illness or injury caused by each chemical group is usually the same. Some pesticide chemical families can cause both external irritation injuries and internal poisoning illnesses.

186. Some pesticides are highly toxic to humans; only a few drops in the mouth or on the skin can cause extremely harmful effects. Other pesticides are less toxic, but too much exposure to them will cause harmful effects also.

187. With this in mind, a good equation to remember is: 

HAZARD = TOXICITY x EXPOSURE

Hazard is the risk of harmful effects from pesticides. Hazard depends on both the toxicity of the pesticide and exposure received in the situation.

188. When a pesticide comes into contact with a surface or an organism, that contact is called a pesticide exposure. For humans, a pesticide exposure means getting pesticides in or on the body. The toxic effect of a pesticide exposure depends on how much pesticide is involved and how long it remains there. There are four types of exposures: oral, inhalation, ocular and dermal.

189. Avoiding and reducing exposures to pesticides will reduce the harmful effects from pesticides. Avoid exposure can be accomplished by using safety systems, such as enclosed cabs, wearing the correct personal protective equipment, washing exposed areas often, and keeping personal protective equipment clean and in good operating order.

190. In most pesticide handling situations, the skin is the part of the body that is most likely to receive exposure. Evidence indicates that about 97 percent of all body exposure that happens during pesticide spraying is by contact with the skin. The only time that inhalation is a greater hazard than skin contact is when workers are in poorly ventilated spaces and are using a fumigant or other highly toxic pesticide that carries inhalation risk.

191. The amount of pesticide that is absorbed through the skin and eyes into the body depends on: the pesticide itself and the material used to dilute it, the area of the body exposed, and the condition of the skin exposed. Oil based pesticides, such as emulsifiable concentrates, are in general, absorbed most readily. Water-based and dry pesticides are absorbed less readily. The genital area of the body is the most absorptive; but, the scalp, ear canal, and forehead are also highly absorptive. Cuts, abrasions, and skin rashes allow more readily absorption than intact skin. Hot, sweaty skin will absorb more pesticide than dry, cool skin.

192. Oral exposures often are caused by not washing hands before eating, drinking, smoking or chewing, mistaking the pesticide for food or drink, accidentally applying pesticides to food, or splashing pesticide into the mouth through carelessness or accident.

193. Inhalation exposures often are caused by prolonged contact with pesticides in closed or poorly ventilated spaces, breathing vapors from fumigants and other toxic pesticides, breathing vapors present immediately after a pesticide is applied, and using a respirator that fits poorly or using an old or inadequate filter, cartridge or canister.

194. Dermal exposures often are caused by not washing hands after handling pesticides, splashing or spraying pesticides on unprotected skin, wearing pesticide-contaminated clothing, applying pesticides in windy weather, wearing inadequate personal protective equipment, and touching pesticide-treated surfaces.

195. Eye exposures often are caused by splashing of spraying pesticides in eyes, applying pesticides in windy weather with no eye protection, rubbing eyes or forehead with contaminated gloves or skin, and pouring dust, granule, or powder formulations without eye protection.

196. Toxicity is a measure of the ability of a pesticide to cause harmful effects. Toxicity depends on the type and amount of active ingredient, carrier or solvent, inert ingredients and type of formulation.

197. The toxicity of a pesticide is measured by subjecting laboratory animals or tissue cultures to different dosages of the active ingredient and of the formulated product over various time periods. These toxicity studies help to estimate the risk that the pesticide may cause harmful effects in humans.

198. Some people react more severely or more mildly than estimated. Some people seem to be especially sensitive to individual pesticides or to groups of similar pesticides. Since there are usually a choice of pesticide to choose for a particular problem, consideration may be given to the toxicity of the pesticide chosen.

199. Pesticides can cause three types of harmful effects: acute, delayed and allergic.

200. Acute effects are illnesses or injuries that may appear immediately after exposure to a pesticide – usually within 24 hours. Studying a pesticide’s relative capability of causing acute effects has been the main way to assess and compare how toxic pesticides are. Acute effects can be measured more accurately than delayed effects, and they are more easily diagnosed than effects that do not appear until long after exposure. Acute effects are usually obvious and often reversible if appropriate medical care is given promptly. Pesticides cause four types of acute effects: oral, inhalation, dermal and eye.

201. The mouth, throat and stomach can be burned severely by some pesticides. Other pesticides that are swallowed will not burn the digestive system, but will be absorbed and carried in the bloodstream and may cause harm in various ways. For some pesticides, swallowing even a few drops from a splash or wiping the mouth with a contaminated glove can cause illness.

202. Typical precautionary statements on pesticide labeling include: acute inhalation effects, acute dermal and skin irritation effects, and acute eye effects. There will be specific language such as “harmful or fatal is swallowed,” “harmful or fatal if inhaled,” and “harmful or fatal if absorbed through the skin,” and so on.

203. Delayed effects are illnesses or injuries that do not appear immediately after exposure. Often the term, chronic effects, is used to describe delayed effects, but this term is applicable only to certain types of delayed effects. Besides chronic effects, other delayed effects include developmental and reproductive effects, and systemic effects. Delayed effects may be caused by repeated exposures or a single exposure that causes a harmful reaction that does not become apparent until much later.

204. Some pesticides cause delayed effects only with repeated exposure over a period of days, months, or even years. For example, if a small amount of pesticide is absorbed into the body from a one-time exposure, it may not be enough to cause illness. But if that small amount is absorbed day after day, enough poison will be absorbed into the body to cause illness.

205. In some cases, a single exposure to a pesticide could adversely affect the exposed person’s health after a period of time. For example, large exposures to paraquat, a herbicide, may cause severe or fatal lung injury that does not appear for 3 to 14 days after the initial exposure. After an exposure, paraquat slowly builds up in the lungs and destroys lung cells.

206. Chronic effects are illnesses or injuries that appear a long time, usually several years, after exposure to a pesticide. Some of these effects that have been suspected from certain pesticides include production of tumors, cancer and genetic changes. Typical precautionary statements on pesticide labeling addressing chronic effects may include “this product has been shown to cause cancer in laboratory animals,” and “this product contains an ingredient which has been determined to cause tumors in laboratory animals.”

207. A developmental effect is an injury or illness that occurs to a fetus in the womb of woman who has been exposed to a pesticide. These effects include birth defects and illness or death to a fetus. Reproductive effects are injuries to the reproductive system of men and women. These may include infertility or sterility in men or women, and impotence in men. A typical precautionary statement on pesticide labeling is “this product may be hazardous to your health. This product has been determined to cause birth defects in laboratory animals.”

208. A systemic effect is an illness or injury to a system of the body that does not appear immediately after exposure to a pesticide. Such effects include blood disorders, known as hemotoxic effects, nerve or brain disorders, also called neurotoxic effects, skin disorders, such as rash or irritation, lung and respiratory disorders, and liver and kidney disorders. Typical labeling statements concerning systemic effects include “may produce kidney or liver damage upon prolonged exposure,” and “inhalation may cause delayed lung, nerve, or brain injury.”

209. Because of the time delay between the exposure and observable effect, and because many other types of exposures may occurred during the delay, it is sometimes difficult to identify the cause of a delayed effect. Although some pesticides cause these effects in laboratory animals, further studies are needed to determine if humans are affected the same way.

210. What would happen if there is clear evidence that a pesticide may cause any of these delayed effects in humans, even after the pesticide has been on the market for some time? The Environmental Protection Agency can take any number of actions including removing the pesticide from use, requiring label warning statements about the possible effect, require specific personal protective equipment be worn, change label statements concerning rates, method of application, reentry, harvest, slaughter or grazing intervals, and restricting the product’s use to certified applicators.

211.  Allergic effects are harmful effects that some people develop in reaction to substances that do not cause the same reaction in most other people. Allergic reactions are not thought to occur during a person’s first exposure. The first exposure causes the body to develop repelling response chemicals to that substance. A later exposure results in the allergic response. This process is called sensitization. Poison ivy, for example, can cause allergic reactions in many people; but, turfgrass may cause similar effects, a skin rash, in relatively few people.

212. Allergic effects include asthma, skin irritation, such as rash, blisters and open sores, and eye and nose irritation. Unfortunately, there is no way to predict which people may develop allergies to pesticides. However, some people seem to be more chemically sensitive than others. Typical precautionary label statements may include “may be a skin sensitizer” and “this product may produce temporary allergic side effects characterized by redness of the eyes, mild bronchial irritation, and redness or rash on exposed skin areas.”

213. Allergic effects are external irritant, but more severe problems occur in cases involving pesticide poisoning. Pesticide poisoning may cause nausea, vomiting, diarrhea, stomach cramps, headache, dizziness, weakness, confusion, excessive sweating, chills, thirst, chest pains, difficult breathing and muscle cramps or aches. Some families of pesticides cause distinctive poisoning signs. For example, organophosphate and carbamate insecticides often cause very small, pinpoint pupils of the eyes.

214. A good reference that discusses pesticide poisoning signs that are caused by various families of pesticides is available through the Environmental Protection Agency or from the U.S. Government Printing Office. All users of pesticides should be aware of the kinds of harmful effects that may be caused by the pesticides that they handle. There is also information found on harmful effects caused by various pesticides in the Florida Core Manual.

215. Anyone who suspects that they may have been exposed to a pesticide should consult with a medical professional as soon as possible. The pesticide label should be taken along so that the attending medical professional will have instructions on what should be done in treating the problem.

216. Next, let’s review some basic first aid procedures for pesticide exposures to the skin, eyes, respiratory tract and swallowed pesticides. With skin exposures, drench skin and clothing with plenty of water. Any source of relatively clean water will do. All personal protective equipment should be removed as well as contaminated clothing. Wash skin and hair thoroughly with a mild liquid detergent and water. If the skin is burned, cover loosely with loose, clean cloth or bandage. Ointments, greases, powders or other drugs in first aid treatment of burns should not be applied.

217. If pesticides should get in the eye, wash eyes quickly but gently. Use an eyewash dispenser if available. Otherwise, hold the eyelids open and wash with a gentle drip of clean water positioned so that it flows across the eye rather than directly into the eye. Rinse for about 15 minutes and do not use chemicals or drugs in the rinse water as they may increase the injury.

218. If a pesticide is inhaled, the victim should move or be moved to fresh air immediately. Artificial respiration should be applied if breathing has stopped or if the victim’s skin is blue.

219. If a pesticide is swallowed or gets in the mouth, the victim should have the mouth rinsed with plenty of water. The label will have first aid statements regarding treatment and specific directions if vomiting should be induced or not.

220. If the label states to induce vomiting, the victim should be face down or kneeling forward. Placing a finger at the back of the throat or giving syrup of ipecac will start the process. The victim should not be given salt solutions.

221. Do not induce vomiting if the victim is unconscious or having convulsions, or has swallowed a corrosive poison or an emulsifiable concentrate. These can cause severe burning or even death.

222. Heat stress is an illness that occurs when the body is subjected to more heat than it can tolerate. It’s not caused by pesticides, but can affect pesticide handlers who are working under hot conditions. Personal protective equipment can increase the risk of heat stress by limiting the body’s ability to cool. Many of the symptoms that are commonly associated with pesticide exposure are identical to those of heat stress, such as headache, dizziness, heavy sweating and clammy skin.

Unit 7: Personal Protective Equipment 

223. This unit will discuss personal protective equipment (PPE).
224. After you complete this section, you should be able to describe your legal responsibility for following PPE requirements in pesticide labeling; define the term, chemical resistant, and explain how to tell when a material is not chemical resistant to a particular pesticide; identify factors that determine how well a coverall will protect your body;
225. explain the importance of wearing gloves when you handle pesticides; give reasons why gloves and footwear may fail to protect you; explain when you should wear protective headgear, and describe appropriate headgear; 
226. explain the term, protective eyewear; distinguish among dust/mist filtering respirators, vapor-removing respirators, and air-supplying respirators; describe the special hazards that fumigants pose; and, explain some basic guidelines for cleaning and maintaining PPE items.

227. PPE is clothing and devices that are worn for protecting the body from contact with pesticides. PPE can include such items as coveralls or protective suits, footwear, gloves, aprons, respirators, eyewear and headgear. Ordinary shirts, pants, shoes and other regular work clothing are not generally considered PPE, although the pesticide label may require wearing specific work clothes with handling a pesticide.

228. The applicator is legally responsible for following all of the PPE instructions on a pesticide label. The lack of any requirements for PPE or the mention of only one piece of equipment does not rule out the need for more protection. Common sense, label information, and the task that will be performed assess the need for how to select the proper PPE for each job. Pesticide labeling lists the minimum PPE to wear while handling the product. More PPE may be worn if the applicator chooses to do so.

229. Some pesticide labels require the applicator to wear chemical-resistant PPE. Most of these pieces of equipment are made of plastic or rubber, but all are not equally resistant to all pesticides in all circumstances.

230. Factors that affect chemical resistance depend upon the handling situation, length of exposure, and the type of chemical. Not all materials that are resistant to a particular pesticide will protect for the same amount of time. Thin materials, such as disposable items, may be as much protection the applicator will need. Longer jobs usually require items made of a heavier material. Resistance is often stated in terms of exposure time. For example, neoprene is resistant to acetone for 30 minutes or less and to diesel fuel for more than 4 hours. In some situations, chemical-resistant material will not protect if it has been damaged. Very few materials will provide protection from all pesticide products. The level of resistance may depend not only on what the active ingredient is, but also whether the pesticide is liquid or dry and what diluents or solvents are used.

231. Cotton, leather, canvas and other absorbent materials are not chemical resistant, even to dry formulations. Powders and dusts can move through these materials and may remain imbedded in the fibers even after laundering. Items made of these materials are difficult or impossible to clean and they are too expensive to be disposed of after each use.

232. The best choice of materials for chemical-resistant suits and hoods is generally rubber or plastic, such as butyl, neoprene, polyvinyl chloride (PVC) or non-woven fabric coated with plastic or another barrier material. The packaging will state if the material is “chemically resistant,” “chemically protective,” or “liquidproof.”

233. Any plastic or rubber material is resistant to dry pesticides and to water-based pesticides. Water-based pesticides include wettable powders, soluble powders, some solutions, dry flowables and microencapsulated pesticides. The type of material that is resistant to non-water-based liquid pesticides depends on the type of solvent used. Pesticides that do not dissolve in water are often mixed with other solvents to form liquid formulations. Liquid pesticides that are not water based include emulsifiable concentrates, ultra-low-volume and low-volume concentrates, low-concentrate solutions, flowables, aerosols, and invert emulsions.

234. Common solvents are xylene, fuel oil, alcohol and petroleum distillates. When xylene is in the formulation, it must be listed in the ingredient statement on the front panel of the pesticide label. Some solvents do not have to be listed in the ingredient statement, so an applicator may not be able to choose a chemical-resistant material on the basis of what is in the formulation. For these pesticides, barrier-laminate, butyl or nitrile materials should be chosen. Sometimes it’s easy to see why a material is not resistant to a pesticide. The material may change color, become soft, dissolve, crack or become still and brittle.

235. The skin is the part of the body that is most often exposed to pesticides. Any time pesticides are handled, a long-sleeved shirt and long-legged pants should be considered as minimal protection. In many instances, pesticide labeling will require that a coverall, a chemical-resistant suit, or a chemical-resistant apron be worn. With very hazardous materials, a chemical-resistant suit may be required. Even if the labeling does not call for a suit, consideration should be given to wear one if there is a situation where long exposure periods occur or large amounts of pesticides could be deposited on the clothing.

236. Pesticide handlers get by far the most pesticide exposure on the hands and forearms. As a result, most pesticide labeling will require a handler to wear chemical-resistant gloves at all times while handling pesticides.

237. Pesticide handlers also often get pesticides on their feet. Canvas, cloth, and leather are difficult or impossible to clean adequately. Consider using chemical-resistant materials when pesticides or pesticide residues, especially concentrates, may get on the footwear. The label may call for chemical-resistant footwear which may be shoes, shoe covers, or boots.

238. One situation where chemical-resistant gloves or footwear should not be worn is when handling some fumigants, such as methyl bromide. Chemical-resistant materials can trap the gas near the skin and cause burns. The labeling on fumigant materials will instruct the handler not to wear such materials.

239. Gloves and footwear need to be kept clean. If not, a fresh pair should be available. If gloves must be taken off during a handling operation, wash them thoroughly before taking them off, and wash the hands thoroughly and dry them before putting the gloves on again.

240. Pesticides should be kept from running down the sleeves or pants legs and getting onto the hands or feet. Some jobs will require the arms to be raised most of the time; some will require working with the arms lowered. For those jobs where the arms are mostly lowered, the sleeves should be placed outside of the gloves to keep pesticides from running down the sleeves and into the gloves. When raising the arms most of the time, the gloves should be left outside the sleeves and cuffed to catch pesticides that may run down the arms.

241. When there is a situation where pesticide exposure will occur from above, the label may call for head and neck protection. Plastic hard hats with plastic sweatbands are common and relatively cool. Other options are chemical-resistant hats and hooded suits.

242. Eyes are very sensitive to chemicals, so labeling will often state that protective eyewear, goggles, a face shield, or safety glasses be worn. Shielded safety glasses are a good choice in many instances because they are comfortable, do not fog and give good protection. Goggles would be the best choice when there is a situation where the applicator will be enveloped by pesticide sprays such as working from an open cab during an airblast application or applying aerosols indoors.

243. The respiratory tract, lungs and other parts of the breathing system, is much more absorbent than the skin. When the label states that a respirator must be worn, the applicator must do so. Even if the label does not call for wearing one, consideration should be given to doing so if: making applications in enclosed spaces, if the labeling has precautionary statements such as “do not breathe vapors or spray mist,” or if there will be continuous exposure in or near the breathing zone.

244. Some fumigants and a few other pesticide formulations contain an additive that serves as a warning agent when it is inhaled. These are most often used with highly toxic materials and when the warning agent is detected, the applicator should put on a respirator or the one being worn is not supplying adequate protection and should be changed.

245. When selecting a respirator, it must be approved by NIOSH and MSHA. Studies have shown that many pesticide handlers don’t use respirators correctly. Anyone who will be using a respirator should be familiar with the correct procedures for selecting, fitting, cleaning, sanitizing and maintaining the equipment.

246. There are two basic types of respirators: air-supplying respirators and air-purifying respirators. Air-supplying respirators supply the applicator with clean air from an independent source. Air-purifying respirators remove contaminants from the air around the user’s breathing zone.

247. Air-supplying respirators should be worn when the oxygen level is low, or when applications of fumigants are being made in enclosed areas.

248. Air-purifying respirators remove contaminants by filtering dusts and mists and by removing gases and vapors. Sometimes only a dust mask, also known as a particulate mask, will be all that is necessary. Other times, one that removes gases and vapors will be needed. The label will specifically state the type for the situation.

249. NIOSH/MSHA-approved respirators have prefix numbers that labels refer to. Dust/mist filtering masks carry the prefix TC-84A; cartridge respirators approved for organic vapor removal carry the prefix TC-23C and canister respirators for pesticides carry the prefix TC-14G.

250. With vapor-removing respirators, cartridges and canisters vary greatly in their useful life expectancies. Factors such as the amount of particles present in the air, the concentration of vapor being filtered, the amount of absorbent material they contain, the breathing rate of the wearer, temperature and humidity, and the length of time they have been stored between uses. If there are no specific instructions about cartridge/canister replacement, they should be changed after about 8 hours of use.

251. Most air-purifying respirators must seal tightly to the face to be effective. If they aren’t sealed, pesticides can leak around the seams. People with beards can’t form a tight seal with these respirators because of the hair. Each user should be fitted for these respirators and they are not interchangeable among users.

252. Some air-purifying respirators are loose-fitting. These constantly pump air through a cartridge or canister into a loose-fitting helmet-like or hood-like head covering. Since these don’t have to form a tight seal, people with facial hair can use them safely. These types of respirators are much more expensive than the face-sealing respirators.

253. Fumigants are pesticides that are applied as a gas or form a gas when they are applied. They are highly toxic to plants and animals, including humans. Personal protective equipment for fumigants is often very different from the requirements for other types of pesticides. Some special precautions should be taken with fumigants. The respirator listed on the labeling must be worn, never work alone when handling fumigants and most labeling will instruct the user to wear loose-fitting fabric clothing because tight-fitting clothes can trap fumigants causing severe skin irritation or poisoning through skin absorption. The labeling may also instruct the user not to wear gloves or if so, wear gloves made of cotton or other absorbent material.

254. Disposable PPE items are not designed to be cleaned and reused. They should be discarded when they become contaminated with pesticides. Many of these items labeled as disposable should only be worn once. They are made of thin vinyl, latex, or polyethylene. They are a good choice for brief handling activities because they are inexpensive and have good flexibility.

255. Some PPE may be designed to be cleaned and reused. Even if cleaned after use, they need to be replaced when they show signs of wear or become contaminated. Their ability to resist pesticides decreases over time. Even if an applicator can’t actually see pesticide moving through the material, like air gradually leaking through the surface of a balloon, it can. A rule of thumb is to discard gloves after about 5 to 7 days of work. Extra heavy gloves, such as those made of butyl or nitrile rubber, may last as long as 14 days. Most protective eyewear, respirator bodies, face shields and helmets are designed to last many years if maintained correctly.

256. Fabric coveralls are a popular choice, but they are designed to be cleaned after each day’s use. However, absorbent materials such as cotton, polyester, denim and canvas can’t be cleaned adequately after they have been drenched with concentrates. They should be discarded because they can’t be safely reused.

257. Gloves and boots should be washed before taking them off at the completion of a handling activity. Reusable items should then be placed away from regular clothing.

258. When laundering non-chemical-resistant materials, wash only a few items at a time separately from the family wash, use heavy-duty detergent and hot water and rinse twice. If clothing has been heavily contaminated, use two washer cycles. Finally, hang the items to dry outdoors in the sunlight, if possible.

259. Respirator maintenance is especially important. They should be stored in areas away from dust, sunlight, extreme temperatures, excessive moisture and chemicals. A sturdy zip-closable plastic bag is a good choice. When the respirator is taken off following a handling activity, it should be wiped with a clean cloth, and cartridges, canisters and prefilters replaced if needed. Most prefilters should be discarded as only a few are designed to be reused.

Unit 8: Pesticide Handling Decisions 

260. This unit will discuss pesticide handling decisions.

261. After you complete this segment, you should be able to list basic safety questions you should ask yourself whenever you or those you supervise will be handling pesticides; explain some consequences of incorrect use of pesticides; list factors to consider when you have a choice among different types of formulations;

262. name conditions at the application site that may influence some of the decisions you make about the application; and, describe adjustments you might need to make in the task itself or in the workplace conditions if heat stress is a concern.

263. Before pesticide handling tasks, several important decisions must be made. The safety of the applicator, others and the environment need to be considered. These decisions must be made to fit the particular pest control situation.

264. Any applicator should ask the question: Has the label been read? It should be read before opening the container of any handling activity since it contains the precautions and instructions that must be followed for its safe and effective use.  

265. How can pesticide exposure be avoided? Personal belongings, such as food, drinks, gum, tobacco products and clothing should be kept away from where pesticides are stored or handled. When taking a break, the applicator should wash gloves prior to their removal, then the hands and face can be washed. Exposures can also occur during spill cleanup of pesticides, equipment repair and when transporting, storing or disposing of pesticide containers.

266. What personal protective equipment (PPE) is needed? Applicators are required to use what is directed by the product’s label. The equipment should be clean and in good working order.

267. Is the application equipment ready and safe? Any person who will be operating the equipment should know how to operate it safely and correctly. Children, pets, livestock or any unauthorized person should not have contact with the equipment. The applicator is responsible should an exposure incident occur.

268. Is the applicator avoiding the accidental spread of pesticides? It should be made a habit to consider how pesticides can be spread. They can be transferred to objects, animals and other people when they are touched with contaminated gloves, when wearing PPE, when using the toilet or when answering the telephone. Pesticides that are spread may cause harm to whomever or whatever touches them.

269. Have the supervised handlers been instructed about the hazards of pesticide use? They should know the ways they may be exposed and how to limit exposure and how to respond to an emergency. They should also know how to read the pesticide labeling and learn where they may obtain additional information.

270. Is the applicator prepared for an emergency? Emergency supplies should include personal decontamination equipment, first aid equipment and spill cleanup equipment. It is also important to know who to call in case of a medical emergency and be familiar with the symptoms of pesticide poisoning.

271. Are people and animals out of the area? Only trained and equipped pesticide handlers should be present in the area of a pesticide application. The applicator has the legal responsibility to make sure that no one is exposed. Any workers, supervisors and other people who may be near the application site should be told how long they must stay out of the site.

272. The decisions made will determine if the pesticide is used safely and correctly. Incorrect use can result in wasted material, control failure and damage to the target site. Long-term effects to other living things, property and the environment can also occur. Misused pesticides can result in fines as well as legal actions. Pesticides are expensive; using them incorrectly can be costly.

273. Which pesticide should be chosen? This will depend upon the situation, but when in doubt pesticide dealers, the Cooperative Extension Service, trade associations or other experts can provide information.

274. Many pesticides are available in different formulations and each formulation can have advantages and disadvantages. When choosing a pesticide, several factors should be considered.

275. Some formulations are more likely to cause harm to surfaces, plants and animals in the application site. For example, emulsifiable concentrates may stain some surfaces and are easily absorbed through the skin. Dusts and powders are likely to leave a visible residue. Fumigants are very likely to kill all plants or animals in the application site. Typical label statements will specifically list any problems that may be encountered. For example, “spray droplets will permanently damage automobile paint” and “birds feeding on treated areas may be killed. Cover or incorporate granules.”

276. The type of equipment available may limit formulation choice. For example, liquids can’t be applied through equipment designed and built for granular formulations.

277. Consider if offsite movement is likely to occur from the target site. Such movement may be in the form of runoff or drift.

278. Some formulations are more hazardous to people than others. Emulsifiable concentrates often contain solvents that are hazardous themselves or that allow the pesticide to pass through the skin more quickly. Fumigants and aerosols are easily inhaled. Some adjuvants can increase exposure because they assist in the absorption of the pesticide, make pesticides spread more readily, and cause sticking of the pesticide to PPE.

279. The type of formulation to select may depend on the target pest. Sometimes an entire area must be covered with a pesticide to provide adequate control. Some pests can be controlled with baits or pesticides placed in a few locations, such as crack and crevice treatments.

280. A final consideration in choosing a formulation is cost. Pesticides that are sold as concentrates to be diluted by the user usually are the least expensive. However, these pesticides pose more risk to the applicator because they must be mixed and loaded.

281. The conditions at the application site will influence some of the decisions made about the application. Consider factors that affect: the effectiveness of the pesticide application, the pesticide’s possible effects on the applicator and others who may be in the area, and the effects on the environment.

282. Some fogging and aerosol applications are used in unenclosed areas outdoors. However, many of these operations are conducted in enclosed spaces, such as a building or room. These spaces should be sealed well enough to prevent the pesticide from escaping too quickly when it is applied. In the event that the space can’t be adequately sealed, another application method should be considered or the seal improved.

283. If a pesticide will be applied to soil, there are characteristics that should be taken into account. For example, organic matter may tie up pesticides, limiting their activity. Finer soils, such as clays, have more surface area while sandier soils have less surface area. Some labels will adjust rates to account for these factors.

284. Pesticides tend to bounce or run off narrow, upright leaves whereas broader, flat leaves tend to hold the pesticide longer. Waxy plant surfaces also tend to cause a spray solution to form droplets and run off the leaves. Dense plant hairs may hold the pesticide droplets away from the plant’s surface not allowing uptake. However, a thin layer of leaf hairs may allow more even distribution on the surface and cause the chemical to stay on the leaf surface longer than normal, allowing more chemical to be absorbed into the plant.

285. Porous surfaces such as wood, concrete, and fabric may absorb pesticides readily. If the objective is to saturate the material with pesticide, porous surfaces are an advantage. With nonporous surfaces, pesticides may bounce or run off making it difficult to achieve even coverage. It can be difficult to make pesticides stay in place on slanted surfaces. In this case, sticking agents may be directed for use on a product’s label. The cleanliness of the surface may also affect the effectiveness of a pesticide. For example, an accumulation of organic matter on the soil surface may absorb many pesticides and reduce the amount available to the target pest.

286. Too much surface moisture may keep the pesticide from spreading evenly over the surface and contacting the target pest. A typical label statement that alerts the applicator of this problem is “most effective when good surface moisture conditions exist.”

287. Temperature, sunlight and humidity influence the effectiveness of some pesticides. Low temperatures slow down or stop the activity of some pesticides. At the same time, pest activity is reduced. High temperatures and direct sunlight can cause some pesticides to break down rapidly. High temperature coupled with low humidity increases the likelihood that some pesticides will vaporize and drift from the application site. Usually in high humidity, herbicides work best because weeds are more actively growing.

288. Conditions where high temperature is coupled with low humidity can increase the likelihood that some pesticides will vaporize. In the vapor form, pesticides can move far from their application site and settle elsewhere, possibly causing plant injury.

289. In some pest control situations, consideration should be given if rain or irrigation will occur soon after an application. Sometimes, watering is helpful to move the pesticide to the target location or pest. Most pesticide applications, however, should not be made during or just before rain or an irrigation scheduling. In these cases, pesticides can be washed away.

290. Too much air movement can greatly alter the effectiveness of the pesticide. Pesticides blown away from the target can result in inadequate control and damage to areas not intended to receive pesticides. Sometimes, air movement can be regulated. For example, the ventilation system can be turned off during indoor applications.

291. Each pesticide application involves a different set of conditions. Sometimes there is little choice of when to schedule an application, but under some circumstances, consider: when will be a time that other people will not be in the treated area, when it is likely to be cooler, and when the wind is less likely to cause adverse effects.

292. Heat stress can be caused by several factors. Temperature, humidity, air movement, sunlight, workload, PPE, water availability and time of day are all factors that should be taken into account.

Unit 9: Mixing, Loading, and Application

293. This unit will discuss mixing, loading and application.

294. After you complete this segment, you should be able to describe how to protect the water source at the mix site; name types of protection you may need while mixing or loading pesticides; explain what to do with empty pesticide containers; name types of empty containers that can be rinsed and describe rinsing methods;
295. describe ways to determine whether two pesticides can be safely mixed together for application; name some pesticide application tasks for which you may need to wear more personal protective equipment than the minimum required by the pesticide labeling; name actions to take when mixing, loading, and application activities are over;

296. describe what to do with rinsates from equipment cleanup; describe personal cleanup after pesticide handling; list some benefits of recordkeeping; explain “closed system mixing and loading” and “enclosed application systems;” and, explain when pesticide collection systems are appropriate, and list advantages of such systems.

297. Most pesticides exposures to applicators occur during the mixing and loading process. This process involves concentrated materials.  Handlers who mix and load concentrated pesticides with high acute toxicity have an especially high risk of accidental poisoning. By observing some simple precautions, you can reduce the risks involved in this part of your job.

298. This area should be located away from unprotected people, animals, food, other pesticides and other items that might be contaminated.  Choose a place with good light, especially if you are working at night.  Be particularly careful not to mix or load pesticides indoors unless lighting and ventilation are adequate.

299. Leaving an air gap between the tip of the hose and the pesticide mixture in the spray tank will prevent back siphoning of the mixture into the water source.  Backflow prevention devices are commercially available and can serve as a safety net.  Filling operations should never be left unattended.

300. By law, you and those you supervise must put on the appropriate ppe listed on the label.  In most cases, more PPE is required for the mixing and loading process rather than the actual application itself.  Consider if there is any chance of being exposed through this part of the job and take necessary precautions.  For example, if you will be pouring concentrates into a tank that is chest-high, an apron to protect your front would be a logical choice.

301. Clean the knife afterwards and don’t use it for other purposes.  Open containers of pesticides only when they are sitting on a flat, stable surface.  If they are tipped on an angle or are in an unstable position, they can easily spill over or leak out when the seal is broken.

302. Keep the pesticide container below face level when transferring pesticides into the tank. This will avoid a splash, spill or dust from getting on your face, into your eyes or mouth.  If there is wind or a strong air current indoors, stand so the pesticide cannot blow back on you.  If you are siphoning the pesticide from the container to the tank, never use your mouth to get the siphon started.  You could easily get a mouthful of pesticide!

303. Overflowing tanks contaminate the area and you are left with a tank that contains an unknown amount of pesticide.

304. Practically every label of liquid pesticides will recommend triple or pressure rinsing.  To triple rinse, after partially filling and shaking the container with fresh water, empty into the spray tank to use as part of the carrier.  Repeat two more times.

305. Pressure rinsing works well to remove pesticide residues that cling to the inside of the container.

306. These types of nozzles have a sharply pointed tip that allows you to easily puncture the container and then rinse with a jet of water.  They are commercially available and some can be purchased for less than $20. 

307. Plastic jugs that contain dry flowable formulations should be triple or pressure rinsed like those containing liquid formulations.  Bags should be completely emptied and disposed of in a sanitary landfill.  Before burning any pesticide container, including bags, check local ordinances regarding open burning. Some areas of Florida do not allow such practices.
308. Pesticide handlers often like to combine two or more pesticides and apply them at the same time.  Such mixtures can save time, labor and fuel.  Manufacturers sometimes combine pesticides for sale as a pre-mix, but pesticide handlers also sometimes combine pesticides at the time of application.  It is legal, unless the pesticide labeling of any of the pesticides involved instructs you not to combine them.  If combining will be used, it’s important for the pesticides to be compatible; that is, mixing them together will not reduce their safety or effectiveness.  Compatibility charts and other information on safe tank-mix partners are available from various trade and cooperative extension publications.

309. Some pesticide mixtures that are physically incompatible make the mixture difficult or impossible to apply and may clog equipment.  These reactions sometimes cause the pesticide to form lumps or gels, to become solids that settle into the bottom of the tank, or to separate into layers that cannot be remixed.  Some chemical compatibility problems may include loss of pesticide effectiveness, increased toxicity to the handler or injury to the treated surface.

310. The simplest way to check for compatibility is to do a jar test.  It’s a version of the same products that will go into the spray tank, but on a small scale.  It can save the effort of having to clean up a very large mess.

311. Always mix formulations according to the w-a-l-e procedure, unless the label states otherwise.  Use an adequate sized jar that will allow you to mix each of the products in the same proportion as they would be mixed in the spray tank.  Shake the jar vigorously.  Feel the sides of the jar to determine if heat is given off.  If so, the mixture may be undergoing a chemical reaction and the pesticides should not be combined.  Let the mixture stand for 15 minutes and check again for heat.  If scum forms on the surface, if the mixture clumps, or if any solids settle out (except wettable powders), the mixture probably is not compatible.  Finally, if no signs of incompatibility appear, test the mixture on a small area of the surface where it is to be applied.

312. There may be a few exceptions to this sequence of mixing; labels should still be consulted before attempting to make combinations of various products. If there are no label restrictions prohibiting the mixture, and the jar test did not indicate any compatibility problems, use the same sequence of mixing into the tank that was done with the jar test.
313. Every time pesticides have two major responsibilities: protecting yourself, others, and the environment, and making sure the pesticide is correctly applied. The applicator shown here should at least be wearing gloves and possibly more frontal protection.

314. Some application equipment, such as hand-held sprayers or shake cans, pose a risk to the handler in that there is often a great amount of bodily contact. Consider wearing extra protection when using such equipment.

315. This is a common sight, particularly around our urban areas where lawn care operators routinely walk behind spray guns. Notice that this applicator is wearing high boots for protection.

316. Often, routine maintenance of equipment will require contact of contaminated surfaces of booms, hoses and nozzles. PPE should not be forgotten in these instances.

317. Certain types of applications pose special applicator safety concerns. In this example, the applicator is treating citrus with high volume and high pressure to reach the target. Blowing mists with these types of applications make wearing the necessary PPE especially important.

318. Although there may be certain outdoor settings where the label does not require use of a respirator, indoor settings where even the same pesticide will be applied may have different requirements concerning the use of a respirator. Be sure to check.

319. Some pesticide labels will state the PPE to wear, if any necessary, for adjusting application equipment.
320. Some applications require dipping or rubbing pesticides onto surfaces. When hands and forearms are immersed into pesticides, labeling will have statements regarding protection of the parts of the body that are most vulnerable to exposure.

321. Open equipment, such as that shown here, pose a special concern for the applicator. Drift and direct contact from blowing spray should be taken into consideration.

322. Some applications call for applying highly concentrated pesticides. Materials, such as fumigants, may be nearly 100 percent active ingredient. Extra PPE might be considered under these circumstances.

323. This is a simple application checklist. 1. Take the time to be sure that the pesticide is reaching the target. 2. Check the delivery rate to be sure the pesticide is being applied evenly and in the correct rates. 3. Check for the appearance – for example, wettable powders usually have a whitish color and granules and dusts should not form clumps. Emulsifiable concentrates usually have a milky appearance.

324. Do not leave application equipment with pesticides on or in it.  When the job is completed and the tank or hopper empty, return the equipment to the designated cleanup area.  
325. Always clean equipment and PPE prior to taking a shower so that you will wash away any pesticide residues that you may have been exposed to during these processes.

326. Finally, take a shower so that you will wash away any pesticide residues that you may have been exposed to during these processes.

327. Even small amounts of pesticide residues can contaminate the family laundry.  Small children and infants can be especially sensitive to residues that their skin may be exposed to.

328. Keeping records of pesticide applications is required under certain circumstances. It just makes good sense anyway. The records establish a proof of use, if errors are made, they may be referred to for tracking the mistake, and they can provide information to use in response to claims of excess residues or damages.

329. This slide lists the items that should be listed for restricted use applications made by licensed applicators. The records must be kept for at least two years and may be requested by the Florida Department of Agriculture and Consumer Services.

330. Closed mixing and loading systems, enclosed application systems and pesticide containment are excellent investments for pesticide handlers who handle large quantities of pesticides, especially those materials that may pose a very hazardous risk to humans or the environment. Closed mixing systems are those that are designed to prevent pesticide from coming in contact with handlers or other persons during the process. Some pesticide labels require that a closed mixing and loading system be used when handling the product.
331. Soluble packages are designed to be placed directly into the tank and then dissolve. There are relatively few products available in this form.

332. PPE used with closed systems may be reduced in many situations. Applicators may be allowed to substitute certain clothing items for some PPE requirements. Aprons and gloves may still be required if the closed system is for the purpose of mixing and loading and if the system operates under pressure; protective eyewear may still be required.

333. Enclosed application systems reduce the chance for exposure. They include enclosed cabs, some with air-filtering ventilation systems or with vapor-removing ventilation systems, some enclosed cockpits on aerial application equipment. These can greatly reduce respiratory, skin and eye exposures. In many cases, less PPE is required with these systems while making the application.

334. Pesticide containment systems are popular where pesticides are often mixed and loaded in the same, permanent location. Pads and trays are designed to collect spill cleanup water, rinse water from equipment washing and other wastewater. These holding tanks hold pesticide waste water from different classes of pesticides used on a golf course.
Unit 10: Applying the Correct Amount

335. This unit will discuss applying the correct amount.

336. After you complete this segment, you should be able to explain why it is important to apply the correct amount of pesticide; describe how to determine how much pesticide to apply; identify ways that application rate is expressed; explain why it is important to calibrate some equipment;

337. describe how to figure application rate; explain the importance of checking calibration often; explain which types of pesticides must be diluted before application;

338. explain what information you must find in the pesticide labeling or in other recommendations before you can dilute the pesticide correctly; and, explain what information you must know about your own situation before you can calculate how much of the dilute pesticide mixture to prepare.

339. One of the most important tasks for a pesticide applicator is making sure that the correct amount of pesticide is being applied to the target site.  Studies have shown that pesticides are often applied at rates that were not intended.  

340. Applying either too little or too much pesticide can cause problems.  If too little is applied, you may not control the pest.  Sometimes you can repeat the application, but in other cases, a repeat application may cause an overdose.  Using more product than label directions recommend will not do a better job of controlling pests, and it is illegal.

341. The section of the label, “Directions for Use,” will list the rate for control of the target pest(s). Often, this will be listed as a range of rates, depending upon conditions, such as pest stage of growth and environmental factors. If possible, use the lowest rate possible – experience and knowledge of the conditions can help determine if using the lowest rate will be effective.

342. The amount of pesticide to use is expressed in various ways.  Usually, this amount will be expressed in terms of formulated product.  This is the easiest for most people to understand, and no conversion calculations are necessary.  If the rate is expressed by amount of active ingredient, you will have to make the necessary calculations because it will depend upon how much active ingredient is contained in the product formulation.  Often, if a product will be applied with hand-held equipment such as pump sprayers, the amount to apply will be given in % solution.

343. Regardless of how the rate is listed on the label, the correct amount must be delivered to the target site. Depending on the type of formulation and the equipment that will be used, there are three basic tasks required: mixing the pesticide, loading it into the equipment, and calibration of the equipment to know how much is being delivered. There are various mixing, loading and calibration alternatives.  The applicator may have to do some combination of these three basic tasks.
344. With ready-to-use products, no calibration, mixing or loading is required.  They are already formulated at the proper dosage and in containers that can be applied as is.  Most of these products are for use in specialized pest control situations.

345.  Some ready-to-use pesticides are not sold in the pesticide application equipment as ready-to-use pesticides are.  The user must load them into the equipment.  “Lock and load” systems, such as this example, are fairly common.

346. Ready-to-use formulations sometimes must be loaded into equipment that does not require calibration.  These include most granular and dust formulations, some liquids and some fumigant formulations.  The pesticide is loaded directly into application equipment without any further dilution.  The equipment must be calibrated so that the correct amount of pesticide will be released per unit area.
347. Some concentrated pesticides are diluted and then loaded into equipment that does not require calibration.  Many plant and animal dips, tree canopy sprays, and crack and crevice treatments are applied by equipment that does not need calibration.  The applicator is instructed to “cover the plant, animal or surface thoroughly” or “apply to the point of runoff.” Often, the label will instruct the user to mix the pesticide and diluent to a specified percent concentration. 

348. Many concentrated pesticides are applied with equipment that must be calibrated.  For many certified applicators, this is the option most commonly encountered.  The concentrate must be diluted correctly, and the equipment must be calibrated correctly.  Both steps are crucial to applying the correct amount of pesticide to a target site.  If there is an error either in calibration or in dilution, the wrong amount of pesticide will be applied.

349. Most pesticide applications involve equipment that must be measured and adjusted to release the correct amount of pesticide to the target site. Proper calibration is an essential task, but at times is neglected. Recheck the equipment calibration regularly to detect changes in output caused by wear, corrosion and aging.  Calibration often requires some simple math.  Standard EDIS calibration guides containing formulas for calibration can be obtained from the IFAS EDIS website, pesticide dealers or equipment manufacturers.

350. To get started, choosing the application equipment is the first step. Besides equipment availability, the formulation of the pesticide and the size and type of job will dictate this decision.

351. For some types of application equipment, the speed at which the equipment moves or is carried through the target site is one of the main factors in determining the rate of application.  Some equipment, such as granular spreaders, needs to be calibrated only to adjust the rate of flow since the material is only released when the wheels are in motion. Equipment with pumps or other dispersal mechanism will be dependent upon speed for proper application rates. 
352. Manufacturer’s catalogs will recommend a range of pressures for their various nozzle tips.  Output in gallons or ounces per minute are also given based on the pressure, tip size, speed and row spacing.  You can choose among these variables to set up your sprayer to correctly deliver the pesticide as stated on the label.

353. Collect the output, using clean water, from each tip and determine the average amount caught per tip.  If any tip varies more or less by 10% from the average, change the tip or it may simply need cleaning.

354. Wheel slippage can cause inaccurate readings of speedometers.  To check under your field conditions, measure a 100 or 200 foot strip in your field.  Operate the spray rig filled with water over the measured course while timing the run.  Record the tachometer or speedometer reading used over the course for use in making the actual application.

355. Measure the water in a calibrated bucket or container so that you will know how much was applied to the test strip.  After adding the measured water back to the spray tank, convert that amount to a per acre basis.

356. The margin for error can be extremely small, especially with products that are used at rates of less than one ounce per acre.  Calibration makes good economical sense!
357. Based on label recommendations and knowing how many acres that your rig will treat with a full tank, you can now add the correct amount of pesticide to the tank.
Unit 11: Transportation, Storage, Disposal, and Spill Cleanup 

358. This unit will discuss applying the correct amount.

359. After you complete your study of this unit, you should be able to: list safety precautions for transporting pesticides in a vehicle; describe how to protect pesticide containers during transport; name actions needed to establish and maintain a safe storage site;

360. describe what to do with excess pesticides that are still usable; list acceptable ways to dispose of pesticide wastes; list ways to avoid the need to dispose of pesticide containers;

361. explain the “three C’s” of spill management and steps to take in each; list sources of assistance for managing a spill; and, explain when a spill kit should be on hand.

362. When you transport, store or dispose of pesticides and their containers, you must take safety precautions.  You can prevent many pesticide accidents, and reduce the severity of others, if you are prepared before you start these tasks.  Before you begin any handling task, know what to do in case of spills and have the proper spill cleanup equipment on hand.

363. Carelessness in transporting pesticides can result in broken containers, spills, environmental contamination and harm to you and others.  Accidents can occur even when you are transporting materials a short distance.  The safest way to transport pesticides is in the back of a truck.  Flatbed trucks should have side panels and tailgates.  Steel or plastic-lined beds are best because they can be more easily cleaned if a spill occurs.

364. Hazardous vapors can emit and make the driver and passengers ill if carried within the vehicle.  It is nearly impossible to completely clean pesticide spills from the fabric of seats and floor mats.  The risk of contamination is too high to transport pesticides with anything that will be eaten.  If curious children or careless adults are accidentally poisoned by pesticides that are left unattended in your vehicle, you are liable.

365. Also, make sure that all containers are tightly sealed and protect paper and cardboard containers from moisture because they become soggy and split easily when wet. As seen in this slide, there are several bags of feed being transported with pesticides. Just as in a storage facility, this is never advisable.
366. These are some typical common sense statements that are found on pesticide labels.

367. Many pesticide handlers use existing buildings or areas within existing buildings for pesticide storage.

368. These types of facilities provide for handling practices that deter water and soil pollution.  The primary objective of a pesticide storage facility is to provide containment of agrichemicals to protect the environment.

369. Besides containment for the purpose of protecting the environment, ideal storage sites protect people and animals, prevent damage to containers, protect from theft and protect you from liability.

370. Keeping unauthorized people out is an important function of the site.  Post signs to alert people that pesticides are stored there.

371. This child should be considered as an unauthorized person to enter a pesticide storage area.
372. Under certain conditions, the law requires notification about the location and amount of hazardous chemicals at a site. The EPA has an assigned Threshold Planning Quantity, TPQ, for a number of active ingredients, not total weight of formulated product. When the product in storage is at or above the TPQ, the State Emergency Response Commission must by notified in writing. Each facility must designate a coordinator to work with the Local Emergency Planning Committee.

373. Employers are required to obtain and keep material safety data sheets. They must submit copies of each MSDS, or a listing of MSDS’s that must be maintained, to their local fire department, the Local Emergency Planning Committee, and the State Emergency Response Commission. If a chemical is used solely for household, consumer, or agricultural purposes, notification is not required. However under OSHA regulations, pesticide users, except homeowners, must have the MSDS for each pesticide they handle.

374. All regulated facilities must submit an annual chemical inventory to their local fire department, Local Emergency Planning Committee and the State Emergency Response Commission. This must include all hazardous chemicals stored in quantities of 10,000 pounds or more and all extremely hazardous chemicals stored in quantities of 500 pounds or 55 gallons or more, or in a quantity that exceeds the TPQ, whichever is less. Agricultural producers are exempt from this section. 
375. These containers, shown here, should be off of the floor on pallets. Water from burst pipes, spills, overflows, excess rain or irrigation or flooding streams can damage containers and their contents.  Water causes metal containers to rust; paper and cardboard containers to split or crumble; labeling to peel, smear or run; dry pesticides to clump forming “tombstones;” slow-release products to release their pesticides; and pesticide to move offsite.  

376. If people will be working for any length of time within the facility, it is a good idea to have an exhaust fan.  Fumes given off from pesticides in an enclosed space can cause illness.  A fan also helps to cool the facility, as some pesticide labels will state that they should not be stored under excessive heat.  On the other hand, many pesticides should not be allowed to freeze.  Temperature extremes can destroy the potency of some pesticides.

377. You must have enough light to do some of the most basic tasks within the facility, such as reading labels and taking inventory.

378. The floor o the storage site should be made of sealed cement. Other suitable nonporous materials are glazed ceramic tile and no-wax sheet flooring.  Carpeting, wood, soil and other absorbent floors are difficult or impossible to decontaminate in case of a leak or spill.

379. Inspect the storage site to determine the likely path of pesticides in case of spills, leaks, drainage of equipment wash water and heavy pesticide runoff from firefighting or floods.  Pesticide movement away from the storage site could contaminate sensitive areas, including surface water or ground water. 

380. The water should be changed from time-to-time if containers are kept on-hand.  Portable eyewash stations and kits are commercially available at reasonable costs.

381. Store only pesticides in the facility.  Do not keep food, drinks, tobacco, seed, medication or clothing in the facility with pesticides, no matter how large or small the facility. These items could become contaminated by vapors, dusts or spills and cause accidental exposure to people or animals.
382. Store pesticide containers with the label in plain sight. If the label is destroyed or damaged, request a replacement from the dealer immediately, if it can’t be refastened on the container.
383. Tightly closed containers help protect against spills; cross-contamination with other products; evaporation of liquid pesticides or the solvent; clumping or caking of dry pesticides in humid conditions; and dirt, dust and other contaminants getting into the pesticide, causing it to be unusable.

384. Store pesticides in their original containers.  You are legally responsible if someone or something is injured by pesticides you have placed in unlabeled or unsuitable containers.

385. These are senseless mishaps that should never happen.  A little bit of common sense goes a long way in preventing these accidents.

386. There are several options to consider when a container is damaged. If possible, use the pesticide immediately at a site and rate allowed by the label. A second option is to transfer the pesticide into another pesticide container that originally held the same pesticide and has the same label intact. Or, transfer the contents to a sturdy container that can be tightly closed. If possible, remove the label from the damaged container and use it on the new container. A final option is to place the entire damaged container and its contents into a suitable larger container. Many times the label on the leaking container becomes illegible. The pesticide is useless and becomes a disposal problem unless the registration number is known and a copy of the new label can be obtained.
387. Volatile pesticides, such as some types of 2,4-D, should be stored away from other types of pesticides and other chemicals. A separate room is ideal. Vapors from opened containers of these pesticides can move into other nearby pesticides and chemicals and make them useless.

388. If there are pesticides and pesticide containers that are being held for disposal, store them in a special section of the storage site. Clearly mark containers that have been triple rinsed or cleaned by an equivalent method, because they are more easily disposed of than unrinsed containers.

389. Keep an up-to-date inventory of the pesticides you have in storage. Each time a pesticide is added to or removed from the storage site, update the inventory list. The list helps keep track of the stock and is essential in a fire or flood emergency. The inventory list will also aid in estimating future pesticide needs and insurance settlements.

390. The pesticides and their containers shown in this slide will present an expensive disposal cost to this facility. Mark each pesticide container with the date of purchase before it is stored. Use older materials first. If the product has a shelf-life listed on the label, the purchase date will indicate whether it is still usable.  Excessive clumping, poor suspension, layering, or abnormal coloration may be indications that the pesticide has broken down. If there are doubts, contact the product’s manufacturer for advice.

391. Some pesticide formulations are highly flammable; others catch fire easily primarily because of their solvents which may be oil or petroleum-based.  Some labels will state specifically not to store these products near open flames and other heat sources, such as steam lines, heating systems, kerosene heaters or other space heaters.

392. The Material Safety Data Sheet, or MSDS, contains all of the technical information that you may want to know about a certain pesticide product, including information about the likelihood of the product to ignite or explode. The “Physical/Chemical Hazards” section of the label will also give directions on the product’s safe storage requirements.
393. Tell fire department officials what types of pesticides are regularly stored at the site, give them a floor plan and work with them to develop an emergency response plan. Several organizations have available pre-fire plans that can assist in knowing what elements to include in the plan.
394. There is an ever-growing concern about the serious harm to humans and the environment caused by incorrect disposal of pesticide wastes. Collection events are a great way to dispose of leftover pesticide wastes.
395. Pesticide applicators are responsible for correctly dealing with empty pesticide containers, excess pesticides and waste materials that contain pesticides and their residues. There are several solutions to the problem of dealing with excess pesticides.

396. There is no reason to keep pesticides on hand that will not be used in the immediate future.  If so, you are burdened with storage responsibilities. Buy only the amount needed for the season.
397. Make sure that you do your math correctly based on knowing your sprayer output and the size of the area to be treated. In doing so, only the amount needed for the job should be mixed.
398. Rinsates should not become excess pesticides. If at all possible, apply to a site that is labeled for that use.
399. This slide show a facility that has one storage tank containing rinsates from peanut herbicide applications and the other storage tank contains rinsates from cotton herbicides.  They are used as part of the makeup water when applying herbicides to either of those two crops.

400. Excess pesticides and rinsates that can’t be used must be disposed of as wastes. Other pesticide wastes include such things as contaminated spill cleanup material and PPE items that can’t be cleaned and reused. Whenever possible, creating these kinds of wastes should be avoided. Sometimes pesticide wastes can be disposed of in a sanitary landfill. Pesticide wastes should not be disposed of in a manner that will contaminate water sources.

401. Operation Cleansweep is a program in Florida that is offered at no cost. The program holds events at various locations around the state for collecting unused pesticides and wastes. For information, call the Florida Department of Agriculture and Consumer Services at 877-851-5285.

402. Containers will have to be dealt with, and the sooner, the better. If possible, use containers that are designed to be refilled by the dealer. Some containers are recyclable once they are properly cleaned. In a few cases, soluble packaging may be available where the entire contents are dropped into the spray tank.

403. Refillable containers are not designed to be triple rinsed or pressure rinsed by the applicator.  When necessary, they are cleaned by the pesticide dealer or chemical company prior to refilling.  Common types of refillable containers include minibulks and small-volume returnables.

404. Some containers may be stored after they have been emptied and rinsed for taking to a recycling center. Check with the local dealers in your area to see if such an opportunity is planned. The containers shown in this slide are being held in a bin that is adjacent to the mix pad of the storage facility.

405. With soluble containers, the contents or pellet dissolves in the solvent (usually water) in the tank.  Only the outside packaging remains and it may be disposed of as nonhazardous waste in a sanitary landfill.

406. Containers that have been correctly triple rinsed or pressure rinsed usually may be disposed of as regular trash in a sanitary landfill, unless prohibited by the pesticide label or local regulations.

407. Burning pesticide containers is permitted in some areas of the state; in others, regulations do not permit burning pesticide containers.  There may be labeling statements on some paper, cardboard and plastic containers that list “burning if allowed by State and local authorities” as a disposal option.
408. A spill is any accidental release of a pesticide.  As careful as you may try to be, they can and will occur.  The spill may be minor, involving only a dribble from a container, or it may be major, involving large amounts of pesticide or pesticide-containing materials such as wash water, soil and absorbents.  You must know how to respond correctly when a spill occurs.

409. If you cannot manage a spill by yourself, get help.  The faster you can contain, absorb and dispose of a spill, the less chance there is that it will cause harm.  Clean up most spills immediately.  Even minor dribbles or spills should be cleaned up before the end of the work day to keep unprotected persons or animals from being exposed.  A good way to remember the steps for a spill emergency is the “three C’s: Control, Contain and Clean up.”

410. If you do not know how toxic the pesticide is or what type of ppe to wear, don’t take a chance, wear a barrier-laminate apron, footwear, and gloves; eye protection; and a respirator.

411. If a small container is leaking, place it into a larger chemical-resistant container, such as a plastic drum or bag.  If a spray tank is overflowing, stop inflow and try to cap off the tank.  If a tank, hopper or container has burst or has tipped over and is too heavy to be righted, you will need help.

412. Isolate the spill site by keeping children, other unprotected people and animals well back.  Rope off the site if necessary and do not leave the site until the situation is under control or the cleanup is done.

413. As soon as the source of the leak is under control, keep the spill in an area as small as possible.  For small spills, use containment snakes to surround the spill and keep it confined.  

414. Keep the spill out of any body of water or any pathway that will lead to water, such as a ditch, floor drain, well or sinkhole.  

415. Cover the entire spill site with absorbent materials such as spill pillows, fine sand, vermiculite, sawdust, clay, kitty litter, shredded newspaper or absorbent pads.

416. After the spill has been contained and absorbed, the material must be picked up. These materials will then have to be disposed of in a responsible manner.  

417. In some instances, it may be possible to reuse dry pesticides. If they have become wet, they will have to be disposed of.

418. If the surface on which the spill took place is non-porous, use water and detergent--or the chemical listed on the label to dilute the pesticide--to remove the residues of the spill from the surface.  If the surface is porous, such as soil, unsealed wood or carpet, you may have to remove the contaminated surface and dispose of it as an excess pesticide.

419. Neutralizing a spill often consists of mixing full-strength bleach with hydrated lime and working this mixture into the spill site with a coarse broom.  Fresh absorbent material is then spread over the site to soak up the neutralizing liquid.  Soil is sometimes neutralized by removing and disposing of the top 2 to 3 inches and then neutralizing the remaining soil.  You may be instructed to mix activated charcoal into the soil or to cover the spill site with 2 or more inches of lime and cover the lime with fresh topsoil.

420. Use a strong mixture of chlorine bleach, dishwater detergent and water to clean vehicles and equipment.

421. Wash ppe thoroughly, following manufacturers’ instructions.  Remember particularly that porous materials, such as brooms, leather shoes and clothing cannot be cleaned effectively if they are thoroughly saturated with pesticide.  They should be discarded.

422. The last step of the cleanup is to wash. Wash any part of your skin that might have been exposed, and always wash your face, neck, hands and forearms.

423. It’s a good idea to keep a spill control station or spill kit immediately available.  If a spill does occur, you will be prepared.  A spill kit should consist of telephone numbers for emergency assistance; sturdy gloves, footwear and apron all of which are chemical-resistant; protective eyewear; respirator; containment snakes; absorbent material; sweeping compound; shovel; broom and dustpan; heavy-duty detergent; fire extinguisher and a sturdy plastic container.  You can obtain these items from commercial establishments at a reasonable cost.

424. Specific information concerning storage and disposal for the product can be found in the “storage and disposal” section of the labeling. 
Unit 12: Florida Laws and Regulations

425. This unit will discuss Florida laws and regulations that pertain to pesticides and their use.

426. After studying this unit, you should be able to: identify the three Florida Statutes that govern pesticide applicator licensing in Florida; distinguish between the terms “LAW” and “RULE” and give an example of each; identify the regulatory agencies that administer the principal laws and rules governing pesticide applicators in Florida;

427. identify the kinds of applicators governed by the Florida Mosquito Control Law; name the two basic types of pesticide applicator licenses issued under the Structural Pest Control Act and identify the applicator certification categories associated with each; distinguish between the applicator classes “Private, Public, and Commercial” as defined in the Florida Pesticide Law;

428. identify circumstances that would require an applicator to report holdings of stored pesticide under the Florida Hazardous Materials Emergency Response and Community Right-To-Know Act; list several of the limitations imposed on pesticide applicators by the rules that govern open burning of emptied pesticide containers; and, describe a situation that might require a pesticide applicator to obey specific details of a locally-administered ordinance.

429. What do the words, in a legal context, “law, rule and regulation, really mean? They are not the same, so they should not be used interchangeably. Let’s look into the real meaning of these terms and how they are different from one another.

430. “Laws” are legal acts written and passed by elected officials – the enforceable acts of the Florida Legislature. The entire collection of state laws is referred to as Florida Statutes, abbreviated as FS. Each particular law becomes a specifically numbered Chapter of Florida Statutes. For example, Chapter 487 Florida Statutes is abbreviated as Ch 487 FS, contains one Florida law.

431. In many cases, the laws governing pesticide applicators in Florida do not indicate the specific details that a certified applicator must know. Instead, laws state general requirements. For example, a new law might say that paying a licensing fee is required. However, reading the law does not state the price that the applicator must pay for the license.

432. The place to look for detailed information would be in the “regulations.” Once the regulation is found, then a particular rule may be read. In each chapter of Florida Statutes, wording in the law authorizes a governmental agency to supply all of the details necessary for the law to be put into actual practice. In the case with pesticides, the Florida Department of Agriculture and Consumer Services is the agency responsible.

433. Rules carry the force of the law. Not knowing the rules can result in a penalty, such as a fine or a license suspension. In many cases, the reason for a citation is because the applicator did not follow the pesticide product’s label, or, failed to comply with the language of a rule. The best way to avoid such a penalty is to follow the label and understand the rule language.

434. The compilation of Florida’s regulations is called the Florida Administrative Code, abbreviated FAC. The FAC is organized into Chapters. Each Chapter contains the rules that specify the practical details of a particular Florida law.

435. There are 3 different agencies responsible for the law and their rules governing pesticide use in Florida.

436. This table outlines the 5 laws, the topics that they cover and the state agency that is responsible. Let’s now go into more detail about each of these different laws.

437. Chapter 388 is often referred to as the Florida Mosquito Control Law. It governs all persons engaged in public health or nuisance pest control work, except those persons who apply these materials to their own property for these purposes. All aspects of public health pest control, including using aerial equipment for mosquito control, or, applying pesticides to aquatic sites to control mosquito larvae, are regulated under this law.

438. Chapter 388 states that applicators or their immediate supervisor must be licensed before applying any class of pesticide, either restricted use or unclassified pesticides, in public health pest control programs. Persons having a valid public health pest control applicator license who intend to use aerial application equipment must additionally obtain the aerial applicator certification. Applicators who are affected by this chapter typically are employed by governmental agencies.

439. Information concerning this law and its rules can be obtained by contacting the Bureau of Entomology and Pest Control at (850) 922-7011 or through the world wide web at the address shown here.

440. Chapter 482 is also known as the Structural Pest Control Act. It was originally written to govern the business activities of persons who run Pest Control Operator (PCO) businesses. This law and its rules license and regulate several different kinds of pesticide applicators.

441. The types of pest control business licenses (PCO licenses) are shown in this table. Under this law and its rules, only persons who have a valid pest control business license may solicit, contract for, offer, or conduct pesticide application services on a for-hire basis. This law governs all for-hire pesticide applications except for the following two cases: for hire pesticide applications made by a public health pest control contractor are not regulated by Chapter 482; and, for-hire pesticide applications made to areas legally defined as “agricultural areas” (those that fall under Chapter 487). Examples would be those applicators that make pesticide applications to golf courses, cemeteries, parks and athletic fields.

442. Obtaining a PCO business is not very simple. The person must meet certain qualifications to take the licensing exam. These requirements involve a combination of education and work experience. Each individual who applies for the PCO business license should consult with the Florida Department of Agriculture and Consumer Service’s Bureau of Entomology and Pest Control to have their status reviewed. Their telephone number is shown on this slide.

443. Another group of licenses which fall under the jurisdiction of Chapter 482 is the Limited Certification License. Limited licenses do not permit the holder to solicit, contract for, advertise, or engage in, any type of for-hire pesticide applicator business. A person may be licensed in more than one limited category at the same time.

444. Limited licenses are generally held by the following types of employees: 1) government employees who use pesticides as part of their regular on-the-job duties, such as someone who works for a county school board and applies pesticides in school buildings; 2) private sector employees who use pesticides as part of their regular on-the-job duties, such as a maintenance worker for a condominium complex who applies pesticides in the kitchen, bathroom, or lawns and landscaping around the buildings; 3) commercial property owners who use pesticides on their commercial property, such as the owner of a rental property who applies pesticides to those properties; 4) an owner/operator of a for-hire landscape business who wants to use chemical weed control measures in a customer’s shrubbery or ornamental plant beds; or 5) an employee of a for-hire landscape maintenance business whose job duties include using chemical weed control measures in a customer’s shrubbery or ornamental plant beds.

445. Applicators licensed in any of these PCO or limited categories are governed regardless of the class of pesticide they apply – either restricted use or unclassified pesticides. The law also says no person, including a homeowner treating his own home, except a licensed applicator may legally apply a fumigant pesticide in a residential building. More information on the details may be obtained from the Bureau of Entomology and Pest Control by calling 850-921-4177.

446. Chapter 487 is also known as the Florida Pesticide Law. It governs the activities of two groups of persons – those who must be licensed as pesticide dealers and those who must be licensed as pesticide applicators who are not governed by either Chapter 388 or by Chapter 482. Those who are interested in obtaining a dealer’s license should contact the Bureau of Pesticides at 850-488-3314. This next segment will discuss those applicators who do not work in public health control, those who do not operate a pest control business and those who do not work under the terms of a limited certification license. All others who want to buy and use restricted use pesticides, for anything or anywhere, must first obtain an applicator license as specified by this law.

447. This table summarizes the types of licenses authorized under this law. They may be classed as private, public and commercial applicators. Examples of these specific occupations are shown in the right-hand column.

448. Persons licensed as private applicators may apply restricted use pesticides only to produce an agricultural commodity on lands owned or rented by him or his employer. Examples of agricultural commodities include field and row crops, any kind of livestock, groves and orchards, pastures and sod farms, greenhouses and other protected planting areas, and vegetables. A private applicator may not solicit, or contract for, or apply a restricted use pesticide to another person’s farming operation as a for-hire or profit-seeking effort.

449. Public applicators are generally employees of government agencies, public utility companies or universities and state institutions. These types of applicators may use their license only as part of their normal job duties for their employer and only within limitations of their particular licenses. Public applicators may not solicit, contract for, or apply restricted use pesticides to any site as a for-hire or profit-seeking effort.

450. Commercial applicator licenses are for persons who want to apply restricted use pesticides in a for-hire capacity other than public health pest control or a pest control operator business. A licensed commercial applicator may also function as either a private or public applicator.

451. The rules of this chapter also define the pest control categories. These categories specify where or how a particular licensed applicator may apply restricted use pesticides. Regardless of license class, each applicator must be licensed in at least one pest control category. An applicator may be licensed in more than one category at the same time, but the applicator may only make pesticide applications in accordance with categories specified on their license. A list of the various categories is shown in this table.

452. This law also determines which pesticides are classified as restricted use pesticides. These pesticides may only be applied by a licensed applicator or by trained persons working under their direct supervision.

453. This law requires all applicators to use pesticides according to label instructions. This means that label directions carry the force of the law. It cannot be overemphasized that applicators are legally obligated to know and follow all label instructions.

454. There are some specifically regulated pesticides in Florida. These include aldicarb, bromacil, methyl bromide, organotin antifouling paints and organo-auxin herbicides, such as 2,4-D and triclopyr.

455. Other rules specify details on restricted use pesticide storage, proper disposal of waste materials, applicator licensing, direct supervision, application records, and wrongful act penalties.

456. You can get a copy of the Florida Pesticide Law by calling the Florida Department of Agriculture and Consumer Services at 850-488-3314.

457. The Florida Hazardous Materials Emergency Response and Community Right-to-Know Act requires a person to report the storage of active ingredients of certain pesticides if they are stored in amounts greater than a given quantity. The amount that triggers reportage depends on the active ingredient and the formulation – for some formulations, storing 10 pounds of active ingredient requires a formal report be made.

458. Any person responsible for a storage site that contains a threshold planning quantity of any pesticide active ingredient listed by the US-EPA as an extremely hazardous substance must notify the Florida Department of Community Affairs (FDCA). The location of the storage site and the name of the person responsible for the site must be listed and there is an initial notification fee. Thereafter, the person responsible for the storage site is required to pay an annual registration fee if the site has had a threshold planning quantity of any extremely hazardous substance during the previous calendar year.

459. Other parts of this law require reporting spills of one pound of active ingredient or more of pesticides listed as extremely hazardous substances. This information on storage and spills is required by the FDCA to be submitted on prescribed forms. The forms are provided at no charge by calling 800-320-0519.

460. Chapter 403 is known as The Florida Resource Recovery and Management Act and its rules regulate open burning – and the rules expressly mention burning emptied pesticide containers. The intent of this law is to have persons consider alternative ways, such as recycling, for disposing of empty containers.

461. The limitations specify who may burn pesticide containers, where they may be burned, what kinds of containers may be burned, the amount of containers that may be burned at a single site, the minimum distance between two burn locations, preparation of containers prior to burning, setback distances of the burn site, time of day approved for burning, how the burn must be supervised and what kind of containment structure must be used for the fire.

462. Local government is limited to regulating only certain kinds of activities having to do with pesticides. For example, local government ordinances about land use or zoning, building codes, waste management, and waste disposal procedures within a given county must be obeyed by licensed pesticide applicators. Often, the specific details of local ordinances are quite different in neighboring counties. Licensed applicators should check with local government officials to determine what, if any, specific requirements govern the kinds of work practices that may affect their activities.

463. In conclusion, knowing about and understanding the appropriate Florida laws are the applicator’s responsibility. Remember, from a practical standpoint, the label is the law. It should be consulted before handling any product and its directions followed completely.
464. Credits.

