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Introduction

M

icroorganisms are very small living or non-living organisms, such as
fungi, bacteria, and viruses. Most raw agricultural commodities, other
unprocessed foods, water, and all decaying matter contain some types of
microorganisms. Microorganisms occur on the skin and in intestinal tracts of people
and animals. Under normal conditions, many microorganisms are beneficial and
perform useful and necessary functions. In industry, for example, fungi and bacteria
have important uses in manufacturing processes such as the production of organic
acids. Some fungi have indispensable roles in the fermentation processes required
for making wine, bread baking, cheese making, and brewing beer and other alcoholic
beverages. Some types of intestinal bacteria help people and animals digest particular
foods into usable nutrients.
Certain other microorganisms, however, are harmful or dangerous. Should
conditions become favorable for these microorganisms to grow, they may cause illnesses or diseases in people and animals, produce odors or stains, clog or damage
equipment, or contaminate food and beverage products.

As part of your duties where you work, you may need to apply substances
known as antimicrobial pesticides to suppress or destroy troublesome microorganisms
in order to protect people from illness, prevent contamination of food or beverages,
or prevent damage to equipment and other items.
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This study guide covers antimicrobial pesticide uses in the following areas:
• wine barrels and wine bottle corks
• water cooling systems
• potable water systems
In the U.S., pesticide products are highly regulated chemicals because they
require proper handling to prevent them from harming people or the environment.
In general, if you apply antimicrobial pesticides for hire in California, you must possess a pest control business license issued by the California Department of Pesticide
Regulation (DPR). Employers in California are exempt from certain Department of
Pesticide Regulation regulatory requirements concerning the use of antimicrobial
agents when antimicrobial agents are used only as sanitizers, disinfectants, and pool
and spa chemicals, and as long as they follow corresponding Department of Industrial Relations regulatory requirements in Title 8, California Code of Regulations (8
CCR). See Appendix 1—Exemptions for Antimicrobial Agents on page 72 for a list of
the corresponding regulations.
Each pest control business main and branch location must designate a person
responsible for the pest control activities conducted by that business location. That
includes assuring that non-certified pesticide handler employees are supervised by
a certified applicator, either the responsible QAL or any other company certified applicator. The responsible person must possess a valid Qualified Applicator License
(QAL) in the Microbial Pest Control category (Category P). Other pesticide handlers
working from that location can obtain a Qualified Applicator Certificate (QAC) in the
Microbial Pest Control Category P. Both are considered commercial pesticide applicator
certifications, but only a person with the QAL can be designated as the responsible
person for a pest control business main and branch locations. One advantage of
handler employees being certified applicators is that the employer does not have to
provide pesticide safety training to certified applicators.
To earn the QAL in Category P or the QAC in Category P, you will need to
demonstrate your competence in handling and using pesticides safely. This involves
passing two written examinations: one on pesticide laws and regulations and basic
principles, and another on microbial pest control. This manual will help you prepare
for the QAL and QAC microbial pest control exams. To prepare for the laws and
regulations exam, study the Laws and Regulations Study Guide available from DPR. You
may download a copy from DPR’s website or you may purchase a printed copy of
this publication from DPR by using the Video/Publication Order Form. The links to the
study guide and order form are located on the Licensing and Certification Program
web site at http://www.cdpr.ca.gov.
To review what knowledge and skills you are expected to have in order to
successfully pass the Microbial Pest Control certification examination, read Appendix 2—Performance Objectives and Knowledge Expectations for Applying Antimicrobial
Pesticides, on page 73.
Chapters 1 through 7 of this manual cover general information that is pertinent
to anyone using antimicrobial pesticides in any occupational setting. Each of the
remaining chapters cover information specific to particular occupational settings.
Be sure to read and answer the review questions at the end of each of the chapters.
These questions are similar in format and content to the actual examination questions.
Answering these questions will help you become familiar with the Microbial Pest
Control Licensing/Certification Examination and will improve your understanding
of the information presented in this manual. After answering the questions at the
end of each chapter, check your answers by referring to the answer sheet on page 71.
Note: Many of the important and/or unfamiliar terms in this study guide have been italicized the first
time they appear in the text. Turn to the Glossary on page 83 for more detailed definitions of these terms.
In other instances, some terms are italicized for emphasis.
2
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Using Antimicrobial
Pesticides

A

ntimicrobial pesticide products contain one or more of about 300 different
active ingredients. Manufacturers market these in several formulations such
as sprays, liquids, concentrated powders, and gases. The U.S. Environmental
Protection Agency (U.S. EPA) maintains a list of current, registered pesticides that
includes more than eight thousand antimicrobial products. However, nearly half of
these are public health products, used to control microorganisms that are infectious
to humans. The DPR Microbial Pest Control category does not include antimicrobial
pesticide uses covered by the Health Related Pest Control category (Category K). Instead,
this category covers all of the non-health related uses of these materials. Category K
includes the use of pesticides in official programs for the management and control
of pests having medical and public health importance.
The DPR licensing/certification Category P spans several occupational settings.
Unlike other DPR licensing/certification categories, these various occupational settings generally have no relationship to each other except for the use of antimicrobial
pesticides.
Normally, if you are responsible for controlling microbial pests in the settings
under pest control Category P as part of your employment, you most likely spend
most of your time on other job duties that probably have nothing to do with managing microbial pests. The common expectations when using antimicrobial pesticides
are to handle and use them carefully and responsibly to prevent accidents and avoid
injuries to yourself and others.

About one-third of the pesticide illnesses reported annually in California are associated with
antimicrobial pesticide use. Most of these reported
illnesses or injuries involve individuals who actually
apply these pesticides. Examples of such illnesses
or injuries include accidentally splashing materials
into the eyes, developing a rash or burn on unprotected skin from caustic substances, or suffering
respiratory problems by inhaling vapors from an
antimicrobial product. In some cases, repeated
over-exposure to certain antimicrobial pesticides
may cause chronic health problems.
Learning the pesticide handling, application,
safety, and emergency methods described in this
manual helps you protect yourself, other employees, the public, and the environment
from hazards associated with improper antimicrobial pesticide use. This manual
provides the important information you need to know in order to handle and apply
these materials legally.
USING ANTIMICROBIAL PESTICIDES

3

IMPORTANT CONSIDERATIONS
When using hazardous chemicals such as antimicrobial pesticides, you assume responsibility for the safety of
yourself and others. The purpose of the DPR licensing/
certification process is to make sure you understand
hazards and know how to avoid health and environmental problems. Some of the knowledge and skills you
need to acquire in order to work safely with antimicrobial
pesticides include:
• following all applicable pesticide laws and regulations as well as DPR-mandated workplace safety requirements
• ensuring that you consider all health and safety hazards before making an
antimicrobial pesticide application, including safety gear and decontamination requirements, and selecting the right pesticide for the job
• knowing how to prevent people and animals from contacting the pesticides
during and after application
• recognizing how some pesticides can damage treated surfaces and how to
prevent this
• knowing how to prepare and maintain records of training and applications
• knowing how to keep pesticides from drifting or moving out of the area during application
• knowing what to do and where and how to get help in case of an emergency
• knowing the procedures for notifying people about the pesticide application
and procedures for posting the treated area, if necessary, after making an
application

TYPES OF MICROBIAL PEST CONTROL
Although people apply microbial pest control chemicals in many different situations, you will likely be involved in only one of these. This manual discusses several
occupational areas that involve using microbial pest control pesticides. Several additional situations may be included in future versions, but this manual currently covers:
Wooden Wine Barrels and Wine
Bottle Corks. Wine production includes
aging batches of wine in wooden barrels
before bottling. Cleaning and sanitizing
the barrels before using reduces the number of microorganisms that could disrupt
the aging process, impart undesirable
flavors to the wine, or cause spoilage.

Water Cooling Systems. Buildings,
such as schools, hospitals, auditoriums, offices, stadiums, and other similar enclosed facilities rely on large water cooling towers
to remove heat from air conditioning systems to maintain comfortable temperature
levels. In addition, cooling towers are used outside in settings such as wineries, for
example, for process cooling. System maintenance may include applying antimicrobial
pesticides to the cooling water to prevent disease transmission and suppress algal
and fungal growths and slimes that damage the equipment or reduce its efficiency.
4
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Potable Water Systems. Water supplies to commercial and institutional buildings and facilities risk contamination by dangerous disease-causing microorganisms
while these structures are constructed, undergoing repairs, or if the pipes become
damaged. Sanitizing these water pipes makes them suitable and safe for potable water
by destroying the harmful microorganisms.
Before using antimicrobial pesticides, become familiar with the different types of
microorganisms to be controlled that occur in your work setting. The following chapter describes bacteria, fungi, algae, viruses, slimes, and biofilms. Chapter 3 reviews
both chemical and non chemical methods of controlling harmful microorganisms.
Other chapters cover specific information about safely using antimicrobial pesticides.

USING ANTIMICROBIAL PESTICIDES
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REVIEW QUESTIONS

1.

When using antimicrobial pesticides, you are expected to always
A. Wear waterproof protective clothing
B. Handle them carefully and responsibly
C. Follow application instructions on the MSDS
D. Report application details to Cal/OSHA

2.

The main purpose for following safe application methods is to avoid
A. Having to work overtime
B. Being fired by your employer
C. Endangering yourself, others, and the environment
D. Causing your employer to incur fines

3.

About what percentage of pesticide related illnesses and injuries reported annually in California involve antimicrobial pesticides?
A. 10%
B. 25%
C. 33%
D. 40%

4.

An important skill you need to develop when applying antimicrobial pesticides
is knowing how to
A. Safely operate a motor vehicle
B. Design special pesticide application equipment
C. Adjust the amount of pesticide to use to reduce costs
D. Keep pesticides from drifting or moving out of the area during application

Turn to Page 71 for Review Question Answers
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Microbial Organisms

P

roblem-causing microbial organisms (also known as microorganisms) include
bacteria, fungi, algae, and viruses. It is often necessary to have the microorganism identified in order to apply the appropriate control. However, their small
size complicates identification. Proper identification usually requires the expertise of
a specialist. Most of these organisms are so small that scientists must use powerful
microscopes to see them. They may also carry out certain chemical tests to confirm
their identity. For example, they may grow an organism in the laboratory or inject
it into plants or laboratory animals so they can analyze the results for a positive
identification.
Usually, specific types of microorganisms are more prevalent in particular
locations or under certain environmental conditions. Therefore, the location and
environmental conditions of a site may aid in identification. In addition, fungi often
produce unique structures such as molds or spore-producing bodies that can help to
identify them. Some types of microorganisms are highly resistant to chemicals and
many tolerate adverse environmental conditions, which contributes to the difficulty
in controlling them.

BACTERIA
Bacteria are microscopic, one-celled organisms. They
reproduce in two different ways: by dividing to become two
identical cells, a process known as fission, or by producing a spore
that later develops into a new cell. Bacteria that form spores are
difficult to control because spores are extremely resistant to heat, chemicals,
and drying. Some bacteria can reproduce by fission as often as once every 15 to 30
minutes. Under ideal conditions, a single bacterium could become 70 billion bacteria
in only 12 hours.
Scientists usually classify bacteria by their shape and the
way they absorb special stains. Bacteria assume one of three
shapes: spherical, rod-shaped, or spiral-shaped. If they turn
a violet color when treated with a material called the Gram
stain, they are “Gram-positive” bacteria. If they do not stain
this color, they are “Gram-negative” bacteria.
Bacteria cause damage in one of two ways. Some produce toxins that are poisonous to other living organisms. These toxins may cause illness, paralysis, or death.
Other bacteria produce enzymes that dissolve living cells or cause undesirable changes
in nonliving materials such as adhesives and plastics. Sometimes these enzymes
contaminate food or equipment or cause a buildup of material on surfaces of objects.
MICROBIAL ORGANISMS
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How Bacteria Spread
Anything that moves and comes in contact with bacteria or bacterial spores can
spread them to other areas. This includes air (bacterial spores), water, equipment,
rodents and other animals, insects, and people. Unlike viruses, bacteria can survive
off their hosts for relatively long periods.

FUNGI
Fungi are a large group of non-green plants that live by feeding on either
living or dead organisms. They cannot make their own food because, like bacteria, they lack the green plant pigment, chlorophyll. Some fungi, such as yeasts,
are tiny single-celled organisms. Others, such as mushrooms, are multicelled and
become very large. Fungi and bacteria often occur together in nature.
Fungi reproduce in several different ways. Some multiply
from cell fragments. Others produce spores that function like plant
seeds. Many species of fungi produce more than one type of spore.
Some act as resting structures to carry the fungus through adverse conditions, while others are responsible for the ongoing secondary spread
of the organism. Spores of fungi are not as resistant to chemicals, heat,
or drying, as are bacterial spores.
Although many fungi are beneficial in breaking down organic matter and for making bread, cheese, wine, and beer, some types cause diseases in
humans, other animals, and plants. Ringworm, for example, is a fungal infection
of the skin or nails. Serious forms of fungal disease include coccidioidomycosis
(a disease of the respiratory system accompanied by fever and skin eruptions)
and histoplasmosis (a disease affecting the lungs, spleen, and central nervous
system). Several types of fungi cause decay and mildew of wood, fabrics, and
paper products.
Fungi that invade water cooling towers and similar structures have a
vegetative body, called the mycelium, that is composed of tiny filaments called
hyphae. The mycelium grows through the fibers of wooden portions of the
cooling equipment. This structure is usually large enough to be visible without
magnification.
Characteristics of the mycelium and fruiting bodies aid specialists in identifying fungi. Fruiting bodies are the structures that produce spores, so finding these
structures in damaged wood confirms a fungal infection.

How Fungi Spread
Spores of fungi spread by air, water, insects, and any practice that moves the
infected host from one location to another. A fungal organism requires certain environmental conditions to begin to grow and infect objects. These conditions often
include high humidity or presence of water and warm temperatures.

ALGAE
Algae are primitive plants closely related to some fungi and
protozoans. They differ in that they contain chlorophyll and other
pigments. Algae reproduce by means of spores, cell division, or
fragmentation. They range from microscopic single-celled organisms to 200 foot-long seaweeds. Algae occur in fresh and salt water
and on land. There are more than 17,000 identified species of algae.
8
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Color and structure are important features when identifying and classifying
types of algae. Colors include blue-green, brown, red, and green. Structural types of
pest algae include planktonic, filamentous, and attached-erect. Microscopic algae impart
greenish or reddish colors to water. They also may form a scum that floats on the
water surface. Filamentous algae form dense free-floating or attached mats. Attached
erect algae, known as Chara and Nitella, resemble flowering plants. This is because
they have leaf-like and stem-like structures.
Algae are important food sources for many organisms, including people, but
have little medical importance to people or livestock. However, algae give drinking
water disagreeable tastes or odors, clog water filtering systems and water cooling
towers, foul ponds, pools, waterways, and underwater structures, and interfere with
certain operations that use large quantities of water. Large algal blooms will cause
fish death because algae deplete oxygen in the water. Some forms of decomposing
algae release toxins into water, which may be poisonous to people or livestock.

VIRUSES
Viruses are extremely small organisms that reproduce inside living cells. Controversy exists on whether these are actually living organisms. Most can only survive
for short periods outside a host plant cell or animal cell. Viruses alter chemical activity
within host cells and these changes often cause disease.
Viruses are so small that specialists must use an electron microscope to observe or study them. They have different shapes
depending on the type. Structurally, viruses are very simple
compared with other living organisms. When viruses invade
living cells, they use their own genetic information to alter these
cells, so the cells produce more viruses rather than their usual
proteins or nucleic acid.
Viruses spread through the air, water, bodily fluids, tissues, and by contaminated equipment.

SLIMES AND BIOFILMS
Slimes are combinations of fungi, algae, bacteria, and other organisms. Biofilms
are a particular type of slime. Slime and biofilm organisms grow onto or penetrate
surfaces and produce adhesive substances that make removal difficult. Slimes and
biofilms also grow inside empty wooden wine barrels. They can be troublesome
in water and sewage systems because they clog pipes. They affect the efficiency of
water cooling towers and are pests in certain paper mill operations. They attach to
the metal surfaces of gas and oil pipelines and wellheads and cause substantial corrosion problems.

MICROBIAL ORGANISMS
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REVIEW QUESTIONS

1.

Why is it sometimes necessary to have a microorganism identified by an
expert before trying to control it?
A. Proper identification is mandated by the pesticide label
B. To avoid suppressing beneficial microorganisms
C. To comply with federal law
D. To select the most effective control method

2.

Bacteria
A. Are multicelled organisms
B. Produce the green pigment chlorophyll
C. Can be spread by anything that contacts them
D. Are the cause of histoplasmosis

3.

Fruiting bodies aid in the identification of
A. Bacteria
B. Fungi
C. Viruses
D. All microorganisms

4.

The vegetative bodies produced by fungi and composed of tiny filaments are
called
A. Spores
B. Mycelium
C. Hyphae
D. Fruiting bodies

5.

Environmental conditions that are ideal for fungal infection include
A. Warm temperatures and moisture
B. Cold temperatures and moisture
C. Warm temperatures and dry conditions
D. Cold temperatures and dry conditions

6.

Algae are
A. A combination of fungi and bacteria
B. Closely related to some bacteria
C. Primitive plants
D. Single celled organisms only

10
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7.

Viruses
A. Are multicelled organisms
B. Reproduce inside living cells
C. Are identified using Gram stains
D. Can survive for long periods outside plant or animal cells

8.

Combinations of fungi, bacteria, algae, and other organisms create
A. Lichen
B. Dense mats
C. Chara
D. Slimes

Turn to Page 71 for Review Question Answers
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Controlling Microbial
Organisms

M

ethods for controlling microorganisms include chemical (antimicrobial
pesticides) and non chemical approaches. Antimicrobial pesticides either
destroy the microorganisms or provide barriers that exclude them from an
area. Sometimes antimicrobials inhibit the growth of microorganisms. Non chemical
methods include exclusion and sanitation, and may also involve modifying the environment to regulate temperature and moisture. Other methods, such as irradiation,
also destroy certain microorganisms.

In many cases, the combined use of chemical and non chemical methods is
more effective because single methods of control rarely eliminate all of the organisms. Because of health hazards caused by certain microorganisms, total eradication
or sterilization is the primary goal of a management approach, although this is very
difficult to achieve.

Exclusion
Physical barriers such as walls or partitions exclude certain microorganisms
from some areas. Thoroughly cleaning objects before moving them to other locations
helps to prevent spreading microorganisms. Positive air pressure in a confined area
also keeps airborne microorganisms out. High efficiency filters in air conditioning
systems traps microorganisms and prevents their spread to other areas within a
building. Special water filters remove microorganisms from water pipes.

Sanitation
The first step in sanitation involves cleaning surfaces to
remove foreign materials and biofilm which can otherwise
interfere with effective pest control by shielding the microorganisms. Cleaning usually requires washing or scrubbing with
soap and water or other cleaning material. Following cleaning, treating
the surfaces with a disinfectant material or heat greatly reduces the population of
microbial organisms.

Modifying the Environment
Maintaining temperatures at sufficiently high or low ranges
suppresses or destroys microorganisms. This is why refrigeration
or heat protects foods. Some microorganisms cannot survive unless
free water is available; therefore, keeping an area dry will prevent
such organisms from reproducing.
Submerging objects in boiling water for several minutes kills
most microorganisms, although some bacterial spores are highly
resistant to boiling water. Saturated steam under pressure, known
CONTROLLING MICROBIAL ORGANISMS
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as autoclaving, is a reliable method used in hospitals for killing microorganisms. Heating objects with a flame or applying dry heat to them is also effective in destroying
most microorganisms.

Irradiation
Irradiation with ultraviolet light, x-rays, or gamma rays effectively destroys
microorganisms, but requires highly specialized and potentially hazardous equipment that trained personnel must operate. Irradiation is confined to small areas for
safety purposes.

Chemical Control
Applying antimicrobial pesticides is usually a successful and inexpensive way
to control many types of microorganisms. Additionally, combining pesticide applications with certain non chemical methods typically results in control
that is more effective. For example, to control molds, steps can be
taken to reduce or eliminate moisture to supplement applications of
antimicrobials.
Manufacturers provide pesticides in various formulations,
such as liquids, soluble powders, wettable powders, emulsifiable concentrates, or gases. Most require dilution with solvents
such as water. For some, application methods include spraying,
washing, or fumigation. Disinfecting water involves applying
antimicrobial pesticides to the water contained in pools, spas,
water cooling towers, or water mains. Some pesticides are available in pressurized aerosol containers and applied by spraying onto
contaminated surfaces. Manufacturers package gases, such as sulfur
dioxide and chlorine, in pressurized steel cylinders.

14
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REVIEW QUESTIONS

1.

An example of an exclusion technique for controlling microorganisms is
A. Scrubbing with soap and water
B. Air filtration
C. Freezing
D. Irradiation

2.

The most difficult goal to attain when controlling microorganisms is
A. Sanitation
B. Exclusion
C. Eradication
D. Suppression

3.

The first step in sanitation usually involves
A. Applying an antimicrobial pesticide
B. Removing foreign materials and biofilm
C. Modifying the environment
D. Excluding the pest from an area

4.

Combining non chemical control methods with pesticides
A. Diminishes the effectiveness of the pesticide
B. Usually provides more effective control
C. Can only be done if allowed by the pesticide label
D. Works well with bacteria but not effective with fungi

Turn to Page 71 for Review Question Answers
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What Are Pesticides?

“A pesticide is any substance or mixture of substances intended for preventing, destroying, repelling, or mitigating any insects, rodents, nematodes, fungi, or weeds, or any other forms of life declared to be pests; and
any substance or mixture of substances intended for use as a plant regulator, defoliant, or desiccant.”
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)

P

esticides are chemicals designed to control or eliminate pests. Manufacturers
produce most pesticides through complicated chemical processes, although
some materials used to manufacture pesticides occur naturally (such as sulfur).
A few pesticides are products not commonly thought of as pest control agents or
pesticides, such as chlorine, household disinfectants, mosquito repellents, and plant
growth regulators.
The intended use of a chemical or material determines its classification as a pesticide. For example, under federal law, sulfur dioxide gas is a pesticide when wine
makers use it to sanitize wooden wine barrels and wine bottle corks, but not when
producers use it as a food or beverage preservative. Some agricultural producers use
pure sulfur dust to control powdery mildew or other pests on their crops, but they
may also use the same material as a soil amendment, in which case it is not considered
a pesticide. A substance meets the legal definition of a pesticide when used to control
pests, so it must be registered and legally labeled for this purpose.
All materials used in California for controlling microbial pests must undergo
federal and state registration and their containers or packaging must bear registered,
approved pesticide labels. In fact, federal and state laws prohibit the commercial use
of any material for the specific purpose of controlling pests if that material does not
bear a legal pesticide label. Therefore, wine producers cannot sanitize wooden wine
WHAT ARE PESTICIDES?
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barrels with sulfur dioxide gas that they purchased for preserving wine. They can
only use sulfur dioxide gas that comes in a container bearing a legal pesticide label
permitting its use for sanitizing wooden wine barrels used in wine production. In
addition, even though some people promote the use of common household dish
washing soap to control certain insects, commercial growers who wish to use soap
as an insecticide must use a soap product packaged with an approved pesticide label.
Conversely, using an insecticidal soap product for purposes other than controlling
insects is illegal unless the label allows for non-insecticidal uses.
Because their purpose is to kill pests, many pesticides, including certain antimicrobial pesticides, are toxic and present risks to users or the environment. As a
result, selecting, using, and handling these pesticides require that you gain special
skills and training. This chapter describes various types of antimicrobial pesticides
and their formulations. It explains pesticide toxicity and discusses how certain factors
alter toxicity.

ANTIMICROBIAL PESTICIDE TOXICITY
Toxicity is one of the characteristics used to describe pesticide chemicals. Toxicity
is the capacity to cause harm to you, sometimes referred to as potency. Most pesticides,
by their nature, must be toxic in order to destroy pests and therefore they usually
have a potential for injuring people or the environment. Not all antimicrobial pesticides have the same hazard—some are more toxic or potent than others. The effect
that a pesticide has on a pest, or even a person who receives an accidental exposure
to that pesticide, depends on the amount of exposure to the pesticide. The amount
of exposure is the dose. As the dose increases, a pesticide has a greater potential for
causing injury. Highly toxic antimicrobial pesticides cause injury at smaller doses
and therefore are more hazardous.

Measuring Pesticide Toxicity
One way pesticide manufacturers determine the toxicity of a particular pesticide
is by giving measured doses to groups of laboratory animals and observing the results.
The developers estimate the lethal dose or lethal concentration of each pesticide in this
way. They also discover the maximum dose organisms can tolerate without causing
injury. Results from these types of tests predict the pesticide’s hazards to people and
nontarget organisms. The U.S. EPA and many states require this important data as
part of their pesticide registration process.
The data from animal testing establishes estimated exposure risks to people and
provides information on the pesticide’s mode of action. Pesticide developers conduct
different types of tests depending on what kind of information they need. In some
cases, they feed laboratory animals small sublethal doses of the material on a daily
basis. Such studies establish the no observable effect levels (NOEL) and give information on the long-term, or chronic, effects of exposure. Other special studies assess the
potential for causing sterility, birth defects, cancer, and other problems in people.
Based on this data, regulatory agencies include a wide margin of safety in permissible
exposure levels to protect people from injury or illness.
Short-term toxicity testing helps to predict the acute (or immediate) health effects of exposure to a pesticide product. During a study, researchers give groups of
laboratory animals a single, high dose of a product they are testing. They measure
immediate responses and study the pesticide’s mode of action. Exposing animals for
short periods to large doses of a pesticide helps to predict potential human hazards
from exposure to small doses over longer periods.
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Lethal Dose and Lethal
Concentration. Every naturally
occurring or manufactured chemical is toxic to living organisms if
they receive excessive exposure or
consume large enough quantities
of the substance. This is as true for
everyday compounds such as water, salt, sugar, aspirin, and every
other material in the environment
as it is for poisonous chemicals,
such as pesticides. The difference,
of course, is the amount, or dose,
of a substance that the organism receives. Toxicologists commonly use the expression
“the dose makes the poison.”
For lethal dose or lethal concentration studies, researchers divide laboratory
animals into several groups and examine the effects from various routes of exposure.
They rate a pesticide’s toxicity by determining the amount, or lethal dose (LD) that
kills 50% of a test population. Researchers use the term LD50 to signify this dose.
The unit of measurement for the LD50 is milligrams of pesticide per kilogram of the
test animal’s body weight (mg/kg). When dealing with pesticide vapors or dusts,
researchers measure concentrations of the material in the air that will cause death
in 50% of test animal populations. They make similar measurements for a pesticide
dissolved in a volume of water. This is the lethal concentration or LC50. They express
LC50 as micrograms – one one-millionth of a gram (1/1,000,000 g) – per liter of air or
water (µg/l).
Higher LD50 or LC50 values indicate lower hazards, while lower LD50 or LC50 values
indicate higher hazards. These are guidelines and not absolute indicators of hazard
because different species of animals react differently to the same toxic chemicals.
Even animals of the same species sometimes respond differently. Differences relate
to genetic makeup as well as age, life stage, health, or influences of environmental
surroundings. Humans also respond differently to many pesticides due to these
same factors.
The more toxic pesticides present higher hazards, or risks of injury, to people
and the environment. Besides toxicity, pesticide hazards also vary for people according to the way they enter the body. Normal routes of entry include the mouth, skin,
eyes, and lungs. Researchers usually determine the LD50 of a pesticide for skin applied
(dermal) and swallowed (oral) exposures, based on extrapolation from animal studies.
Lethal dose or lethal concentration classifications do not provide information
about chronic, long-term toxic effects. A pesticide that has a high LD50 value (relatively
nontoxic) may not necessarily be harmless. Low exposure to some pesticides may
cause health problems that only appear months or even years later.
No Observable Effect Level. The no observable effect level (NOEL) is the maximum dose or exposure level of a pesticide that produces no noticeable toxic effect on
test animals. NOEL is a guide for establishing maximum exposure levels for people
and for establishing residue tolerance levels on pesticide-treated produce. Usually,
the U.S. EPA sets exposure levels and residue tolerances at 100 to 1,000 times less
than the NOEL, providing a wide margin of safety.
Threshold Limit Value. The threshold limit value (TLV) for a chemical is its airborne concentration measured in parts-per-million (ppm) that produces no adverse
effects over an exposure time. The TLV applies to pesticides used as fumigants, such
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as sulfur dioxide gas. The most common TLV protects workers who experience
exposure to low-level concentrations of a toxic chemical for 8 hours per day for five
consecutive days. Sometimes regulations set a TLV for short-term exposure to protect
workers who must briefly enter recently treated areas. In these cases, the allowable
concentration of airborne chemical is higher than the long-term TLV.

Factors That Influence Pesticide Toxicity
Certain conditions increase or decrease
the ability of an antimicrobial pesticide to
control a microorganism. Some of these are
temperature, humidity, and exposure to
sunlight, wind, or rain. Even genetic variations cause some microorganisms to respond
differently. After application, some pesticides
break down into different chemicals or chemical compounds. These new chemicals may
be less toxic or more toxic than the original
pesticide. The time it takes for half of the
chemical to break down in the environment
or change from its original form is its half-life.
This is a measure of the pesticide’s persistence
in the environment. Factors such as the presence of other microbes, ultraviolet light,
temperature, or impurities combined with the pesticide increase or decrease the halflife. Sometimes impurities contaminate pesticides during manufacture, formulation,
storage, or while you are mixing or applying them.

Pesticide Toxicity Classification
Federal regulations group all pesticides into four categories according to their
toxicity and potential to cause harm to people or the environment. One of three signal
words on the pesticide label indicates the toxicity category for that pesticide. Different
label and regulatory requirements apply to each category.
DANGER/POISON and DANGER pesticides are the most toxic or hazardous. Federal and state regulations may restrict their use and require that licensed or
certified applicators handle or supervise the handling of them. In California, you need
permits to buy, possess, and use most DANGER pesticides. Generally, to qualify for
a permit, you must be a certified applicator. CAUTION pesticides are the least toxic
to people and generally less hazardous. Different label and regulatory requirements
apply to each category.
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ACUTE TOXICITY CATEGORIES FOR PESTICIDE PRODUCTS
Hazard
Indicator

Toxicity
Category

Toxicity
Category

Toxicity
Category

Toxicity
Category

I

II

III

IV

DANGER or
DANGER/
POISON

WARNING

CAUTION

CAUTION
(or no signal
word)

Oral LD50

Up to and
including 50
mg/kg

>50 through
500 mg/kg

>500 through
5,000 mg/kg

>5,000 mg/kg

Dermal LD50

Up to and
including 200
mg/kg

>200 through
2,000 mg/kg

>2,000 through >20,000 mg/kg
20,000 mg/kg

Up to and
including 0.2
mg/liter

>0.2 through 2
mg/liter

>2 through 20
mg/kg

>20 mg/liter

Severe
irritation at 72
hours

No corneal
opacity;
reversible
within 72 hours

No irritation

Severe
irritation at 72
hours

Moderate
irritation at 72
hours

Mild or light
irritation at 72
hours

Signal Word

Inhalation
LC50

Eye Irritation

Corrosive;
corneal opacity
not reversible
within 72 hours

Skin Irritation

Corrosive

DANGER/POISON and DANGER Pesticides
DANGER pesticides (Toxicity Category I) have an oral LD50 up to and including
50 mg/kg or a dermal LD50 up to and including 200 mg/kg. Some of these also have
the words DANGER/POISON and a skull and crossbones symbol on their labels.
Sulfur dioxide is an example of this type of pesticide. DANGER/POISON pesticides
with the skull and crossbones symbol are the most hazardous because they are the
most toxic. Less toxic pesticides may still have the signal word DANGER on their
labels if they cause specific hazards. Chlorine is an example of a DANGER pesticide
that has specific hazards, including severe skin or
eye injury. The signal word DANGER appears on
the label, but not the word POISON or the skull and
crossbones symbol.

WARNING Pesticides
WARNING pesticides (Toxicity Category II) have an oral LD50 greater than 50
through 500 mg/kg or a dermal LD50 greater than 200 through 2,000 mg/kg. These
are moderately hazardous.

CAUTION Pesticides
CAUTION pesticides (Toxicity Category III) have an oral LD50 greater than 500
mg/kg through 5,000 mg/kg and a dermal LD50 greater than 2,000 mg/kg. CAUTION
pesticides in Toxicity Category IV have an oral LD50 greater than 5,000 mg/kg and a
dermal LD50 greater than 20,000 mg/kg. The signal word CAUTION indicates they
may be slightly hazardous.
WHAT ARE PESTICIDES?
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PESTICIDE FORMULATIONS
Sulfur dioxide, chlorine, and a few other materials used to control microbial
pests are effective in their pure, unmodified form. However, manufacturers formulate
some microbial pest control chemicals with other substances to improve application
effectiveness, safety, handling, and storage. The final product is a pesticide formulation.
In addition to the pesticide active ingredient, a formulation may contain some of the
following inert ingredients:
• a carrier, such as an organic solvent, water, oil, or mineral clay
• surface-active ingredients, often including stickers and spreaders
• stabilizers
• dyes
• chemicals that improve or enhance pesticidal activity

With dry formulations, the label lists the amount of
actual pesticide as the percentage of active ingredient (a.i.).
For instance, a 50-W wettable powder contains 50% by weight
of actual pesticide. With liquid formulations, the label lists
the pounds of active ingredient in one gallon of formulated
pesticide. The “4L” on the pesticide label shown at the right
indicates that there are 4 pounds of active ingredient per
gallon of formulated product.

Selecting a Formulation
Sometimes you have a choice between two or more formulations of the same
pesticide to control a microbial pest. When possible, make your selection based on
safety, including the safety of pesticide applicators, helpers, and others in or near the
application area. Pick a formulation that causes the least impact on the environment.
Always choose a formulation that is compatible with available application equipment.
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REVIEW QUESTIONS

1.

The legal classification of a material as a pesticide sometimes depends on
A. Where the material is applied to control the pest
B. Its intended use
C. The type of pest being controlled
D. The life stage of the pest

2.

To use a material to control a pest, it must
A. Be commonly known as a pesticide
B. Be shown to be effective in controlling the pest
C. Bear an approved, registered pesticide label on its packaging
D. Be accompanied by proper sales literature

3.

The potency of a pesticide is referred to as
A. Efficacy
B. Persistence
C. Volatility
D. Toxicity

4.

The toxicity of a pesticide is usually increased by increasing the
A. Dose
B. Dilution
C. Frequency of application
D. Mode of action

5.

An acute effect of a pesticide is one that is observed
A. Several weeks after exposure
B. Shortly after exposure
C. Months or years after exposure
D. Only if the pesticide is improperly applied

6.

A pesticide’s LD50 is
A. One half the largest dose allowed by the pesticide label
B. One half the lowest dose allowed by the pesticide label
C. The dose that kills half of the test animal population
D. The exposure time it takes to kill half the test animal population
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7.

The maximum dose of a pesticide that appears to have no effect on a test animal
is the
A. LD50
B. LC50
C. TLV
D. NOEL

8.

The half-life of a pesticide is a measure of its
A. Persistence
B. Toxicity
C. Hazard
D. Effectiveness

9.

Which signal word on a pesticide label indicates to the handler that it is moderately hazardous?
A. TOXIC
B. CAUTION
C. WARNING
D. DANGER/POISON

10. A pesticide with an LD50 of 5 indicates it
A. Has a short half life
B. Is relatively non-toxic
C. Is persistent in the environment
D. Is highly toxic

Turn to Page 71 for Review Question Answers
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Pesticide Laws
and Regulations

S

tate and federal governments establish pesticide laws to protect people and
the environment from harmful effects of pesticides and to prevent pesticide
misuse. Agencies within state and federal governments develop regulations
to enforce pesticide laws. The U.S. EPA is responsible for regulating and enforcing
federal pesticide laws. DPR regulates the use of pesticides in the state and, along with
county agricultural commissioners, enforces both state and federal pesticide laws.
The California Occupational Safety and Health Administration (Cal/OSHA) enforces
workplace and work practice safety requirements.
State and federal workplace pesticide safety regulations that may apply to your
microbial pest control efforts include supervising and training non-certified pesticide
handlers, pesticide use record keeping, pesticide use reporting, and protective
clothing and equipment requirements. This study guide provides only general
information about requirements in pesticide use laws and regulations, enough for
demonstrating your competence in the legal and safe handling and application of
antimicrobial pesticides. It does not contain all of the regulatory requirements that
you are responsible to know for complying with the laws and regulations enforced by
DPR. You are responsible for knowing these requirements. One compliance assistance

REASONS FOR PESTICIDE LAWS AND
REGULATIONS
Pesticide laws and regulations are necessary in order to:
• provide for the proper, safe, and efficient use of pesticides essential for the
production of food and fiber and for protection of public health and safety
• protect the environment from environmentally harmful pesticides by prohibiting, regulating, or controlling uses of these pesticides
• assure agricultural and pest control workers of safe working conditions where
pesticides are present
• permit agricultural pest control by competent and responsible licensees and
permittees under strict control of the Director of the California Department of
Pesticide Regulation and local county agricultural commissioners
• assure users that pesticides are properly labeled and are appropriate for the
use designated by the label
• encourage the development and implementation of pest management systems,
stressing application of biological and cultural pest control techniques with
selective pesticides when necessary to achieve acceptable levels of control with
the least possible harm to nontarget organisms and the environment
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resource provided by DPR’s Worker Health and Safety Branch is the Pesticide Safety
Information Series (PSIS) that covers most legal requirements for employers whose
employees handle pesticides. The two versions of this series are: (1) the “A” version
that applies to agricultural settings, and (2) the “N” version that applies to nonagricultural settings. Microbial pest control generally falls in the non-agricultural
category. Go to the Worker Health and Safety Branch section on DPR’s web site at
http://www.cdpr.ca.gov on the Internet to download the latest versions of these
information sheets.

Employer Requirements
Pesticide handling by employees has certain inherent hazards. For this reason,
U.S. EPA, DPR, and Cal/OSHA laws and regulations require employers to take
specific actions to assure the safety of employees.
Employers are required to:
• train all employee handlers who are not certified applicators
• require employees to follow safe use
requirements specified in regulations and on the pesticide product
labeling
• explain to employees the hazards
of specific pesticides being used
• determine and require safe work
procedures to be followed when handling pesticides
• supervise employees to assure they follow safe work practices and comply
with regulations and pesticide product labeling requirements
• provide and maintain a safe workplace
• provide, require the use of, clean, and maintain PPE and other safety equipment that is required by regulations and pesticide product labeling
• maintain records of employee training

PESTICIDE PRODUCT LABELING
Regulations prescribe the format for pesticide labels and what information they
contain. Any document referred to on the pesticide label becomes a legal part of that
label. The pesticide label includes all labels and all other written, printed, or graphic
matter attached to or accompanying the pesticide container or to which the documents
the actual label refers. All these documents must be available at the application site
during the time of use. “The label is the law” is a commonly used phrase.
Supplemental Labels. Some packages are too small to have all the required
label information printed on them. In these cases, the U.S. EPA requires manufacturers
to attach supplemental labels. On metal and plastic containers, manufacturers put
supplemental labels in plastic pouches glued to the side of the containers. Paper
packages usually have supplemental labels inserted under the bottom flaps.
When to Read the Pesticide Label and Attached Booklets or Other “Pull
Off” Labeling. Read the entire pesticide label and attached booklets or other “pull
off” labeling:
1. Before buying the pesticide. Make sure the pesticide is registered for its intended use.
Confirm there are no restrictions or other conditions that prohibit using this pesticide at
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the application site. Be certain its use is suitable under current weather conditions. Find
out what protective equipment and special application equipment the label requires.
2. Before mixing and applying the pesticide. Learn how to mix and safely apply the material.
Find out what precautions to take to prevent exposure to people and nontarget organisms. Learn what first aid and medical treatments are necessary should an unintended
human exposure occur.
3. When storing pesticides. Learn how to store the pesticide properly. Understand the special
precautions to prevent fire hazards. Check the label for any prohibitions against storage with certain other chemicals or fertilizers. Do not store with feed or food products.
4. Before disposing of unused pesticide and empty containers. Learn how to dispose of unused
pesticide material and empty containers properly to prevent environmental contamination and hazards to people. Generally, containers of less than 28 gallons require triple
rinsing unless they are such that they cannot be triple rinsed or if you return them to
the manufacturer. (Besides following label instructions, check with the county agricultural commissioner in your area for additional local restrictions and requirements.)

Material Safety Data Sheets. Pesticide registrants develop Material Safety Data
Sheets (MSDS) that contain important information about the hazards of each product
as well as other useful information. If an employee, employee representative, or the
employee’s physician asks for a copy of the MSDS, the employer must write to the
pesticide registrant and request the MSDS be sent directly to the person who asked
for it. The employer must make this written inquiry available within seven working
days of the request and must follow certain procedures in their request. Contact the
county agricultural commissioner or DPR for further instructions on the procedures
to follow. Pesticide manufacturers generally prepare MSDSs for the unformulated
or technical material and to assist first responders in cases of emergencies. For this
reason, some warnings may be different from the label. The label applies solely to use
situations. Remember that the label is the law covering pesticide use, not the MSDS.

PESTICIDE USE RECORDS
If you perform any type of pest control for hire or apply a pesticide that fits
one of the categories listed below, you must maintain records of those applications.
These include pesticides:
• designated for agricultural use, as defined in the Food and Agricultural Code
Section 11408 (pesticides designated for use only on livestock are exempted)
• designated by DPR as a restricted material and listed in Title 3, California Code
of Regulations (3 CCR) Section 6400
• listed on the Groundwater Protection List found in Title 3, California Code of
Regulations (3 CCR) Section 6800(b) and used for any outdoor institutional
or outdoor industrial use
• designated for industrial use as a post-harvest commodity treatment

Keep these records for two years and make them available to the Director of
DPR or the county agricultural commissioner upon request. Pesticide use reporting
forms are available from your local county agricultural commissioner and from DPR.
You can download the forms from: http://www.cdpr.ca.gov. Include the following
information in your pesticide use records:
• date of application
• who applied the pesticide
• name of the operator/manager/owner of the property where the application
took place
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• location where the application took place
• commodity, items, or site treated
• total number of units treated at the site
• name of the pesticide used, including the U.S. EPA or state registration number
on the product label, and amount used

MONTHLY SUMMARY PESTICIDE USE REPORTS (NONPRODUCTION AGRICULTURAL SITES)
Monthly summary pesticide use reports are required if you:
• apply any pesticide designated for agricultural use, as defined in Food and
Agricultural Code Section 11408 (pesticides designated for use only on livestock are exempted)
• apply pesticides for hire
• apply a California restricted material listed in 3 CCR section 6400
• use a pesticide for industrial post-harvest commodity treatment
• use any pesticide listed on the Groundwater Protection List found in Section
6800(b), for any outdoor institutional or outdoor industrial purpose

If you meet any of the criteria listed
above, and you make these applications
to non-production agricultural sites, you
must report a summary of your monthly
pesticide use to the local county agricultural commissioner of the county where
you performed the work. Mail, deliver,
or electronically submit the report to the
local county agricultural commissioner
by the 10th day of the month following
the month in which you performed the
work. Include the following information
on this report:
• the name and address of the operator or business who applied the
pesticides
• county where the pest control was performed
• month and year of pesticide use
• commodity or site treated, except when using a designated use code, as specified on the Monthly Summary Pesticide Use Report form
• the pesticide names, including the U.S. EPA or State registration numbers,
which are on the pesticide labels
• the total amount of each pesticide used during the month
• the number of applications made with each pesticide and the total number
of applications made during the month
• the total units treated with each pesticide, except when using a designated
use code, as specified on the Monthly Summary Pesticide Use Report form
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FEDERAL RESTRICTED-USE PESTICIDES AND
CALIFORNIA RESTRICTED MATERIALS
State and federal laws restrict certain pesticides that have a high potential
for handler and environmental harm, even when all label directions are followed,
so only certified commercial or private pesticide applicators can buy or use them.
The federal government classifies them as Restricted Use Pesticides (RUP). California
classifies federal RUPs plus other pesticides that meet certain state criteria as Restricted
Materials. Counties may also place local restrictions on particular pesticides. Criteria
for restricting the use of certain pesticides in California include those products that
are federal restricted-use pesticides or products that present a:
• danger to public health
• hazard to people in the application area
• hazard to domestic animals, honey bees, and crops from direct application
or drift
• hazard to the environment from drift onto streams, lakes, or wildlife estuaries
• hazard related to persistent residues in the soil resulting in contamination
of the air, waterways, estuaries, or lakes, causing damage to fish, wild birds,
and other wildlife
• hazard to subsequent crops due to persistent soil residues

Get information on federal, state, and county use restrictions from the county
agricultural commissioner offices in counties where you intend to make applications.

EMPLOYEE TRAINING
Proper training provides the skills and knowledge for employees to know how
to safely and competently handle pesticides, and employers must regularly update the
training to cover any new pesticides before employees handle them.
Employers must retrain non-certified pesticide handlers at least
annually. See Appendix 3—Employee Handler Training Requirements
on page 78 for California’s complete handler training requirements.

Using Pesticides Safely
The required training should stress the importance
of handling and using pesticides safely and include the
following topics.
The Pesticide Label. Employees need to know where
to find important information on pesticide labels. They
must understand the meaning of the signal words and the
precautionary statements. They must know how to follow
instructions for application rate, mixing and application,
wearing proper PPE, what to do in an emergency, and all
other label requirements.
Pesticide Containers. Train employees on how to
handle, open, and lift containers and the proper way to pour
from them. Show them how and where to store pesticide
containers and the procedures to follow when containers
cannot be locked up. Make sure they follow appropriate
procedures for triple rinsing empty containers. Show
them how and where to properly store and dispose of empty
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WHO IS AN EMPLOYEE PESTICIDE HANDLER?
According to California regulations, an employee pesticide handler is any
employee who:
• mixes, loads, transfers, applies (including chemigation), or assists with a pesticide application, including flagging
• maintains, services, repairs, cleans, or handles equipment that may contain
residues or that has been used in pesticide mixing or application activities
• works with opened (including emptied but not rinsed) containers of pesticides.
• adjusts, repairs, or removes treatment site coverings
• incorporates pesticides into the soil through mechanical means or irrigation
• enters a treated area during any application, or before the inhalation exposure
level listed on pesticide product labeling has been reached or greenhouse
ventilation criteria have been met
• performs the duties of a crop advisor, including field checking or scouting,
making observations of the well being of the plants, or taking samples during an
application or any restricted entry interval listed on pesticide product labeling

containers. Never allow employees to take home empty containers or containers
containing pesticides.
Mixing and Application Equipment. Emphasize in the training how to operate
mixing and application equipment and how to measure and mix pesticides into the
application equipment. Train handlers on how to calibrate the application equipment
properly.
Making a Pesticide Application. Teach employees how to confine a pesticide
to the target area and how to avoid contamination of people, animals, waterways,
and sensitive areas during an application. Make employees aware of the impacts that
a pesticide might have on the environment when it is improperly used.
Handling and Cleaning Application Equipment. Inform handlers that after
using application and mixing equipment, it is contaminated, therefore anyone
contacting it must wear the personal protective equipment (PPE) listed on the pesticide
label for pesticide handlers. Emphasize that this equipment requires thorough
cleaning after use and before storage. Instruct handlers that in some cases, when
mixing pesticide concentrates with water, they can rinse the mixing equipment with
water and use this rinse water as part of the water used for diluting the pesticide. In
other situations, such as water cooling towers, they can pour rinse water from mixing
equipment into the water being treated.

Health Effects
People who handle pesticides can be at risk for illness or injury if they receive an
excessive exposure resulting from carelessness or an accident. Without taking proper
precautions, such as wearing prescribed PPE, an excessive exposure may result in
pesticides entering the body through the skin, eyes, lungs, or mouth.

Skin Exposure
Skin (or dermal) contact is the most frequent route of pesticide exposure. Certain
pesticides on the skin may cause a rash or mild skin irritation (known as dermatitis).
Other types of pesticides cause more severe skin injury such as burns. For some
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pesticides, there is a risk of internal poisoning or tissue damage if the material absorbs
through the skin. The ability of a pesticide to penetrate the skin depends on the amount
of exposure plus the chemical characteristics of the pesticide and its formulation. Oil
soluble pesticides pass through skin more easily than those that are soluble in water.

Eye Exposure
The active or inert ingredients of some pesticide formulations are caustic to the
eyes. Besides their vulnerability to injury, eyes provide another route for entry of
certain pesticides into the body. In addition, wearing contact lenses when working
around gas or vapors, such as sulfur dioxide or chlorine, can contribute to eye
injury. Do not wear contact lenses when working with or around these materials. As
mentioned in Chapter 1, about a third of the pesticide illnesses reported annually in
California are associated with antimicrobial pesticide use. Antimicrobial pesticides
splashing into the user’s eyes are the cause of many of these reported incidents.

Respiratory Exposure
The lungs quickly absorb certain pesticides, enabling the blood to transport these
to other parts of the body. In addition, some fumigants, such as sulfur dioxide, have
the potential to cause serious lung injury. Breathing dusts or vapors while mixing
or during application is difficult to avoid unless one uses appropriate respiratory
equipment.

Oral Exposure
Oral exposure occurs if antimicrobial pesticides splash or blow into the mouth
during mixing or application. Oral ingestion of pesticides can also occur when eating,
chewing gum, or smoking, and other hand-to-mouth contact while handling pesticides.
Linings of the mouth, stomach, and intestines readily absorb some pesticides. Ingesting
sufficient quantities, sometimes even small amounts, may cause illness.

Pesticide Illness or Injury
The type and severity of injury or poisoning from exposure to antimicrobial
pesticides depends partially on the toxicity and mode of action of the material. In
addition, the amount of exposure, amount absorbed by the body, and the speed of
absorption influences the seriousness of the injury.
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Depending on the toxicity of the pesticide, large doses may cause varying degrees
of illness. An exposure confined to a small area of the body, such as irritation of the
eyes, skin, or throat, may result from a small dose. Larger amounts of exposure may
well cause problems that are more serious, especially if the pesticide gets into the
tissues of the body.

Symptoms of Pesticide Exposure
Symptoms are any abnormal physical conditions that a person sees or feels.
They are also ailments detected by examination or laboratory tests that indicate the
presence of an injury, disease, or disorder. When a pesticide exposure is serious
enough to produce injury, there may be either immediate or delayed appearance of
symptoms. Immediate symptoms are those observed soon after exposure. However,
some symptoms may not show up for weeks, months, or even years. These delayed
symptoms may either come on gradually or appear suddenly. They may be difficult
to associate with their cause because of the lapse of time between exposure and
observable effect.
Poisoning symptoms vary between different pesticides. The severity of
symptoms usually relates to the type and amount of pesticide (dosage) entering the
tissues. Common symptoms for many pesticides include skin rashes, headaches, or
irritation of the eyes, nose, and throat. These types of symptoms usually go away
quickly and may be difficult to distinguish from symptoms of common allergies,
colds, or flu. Symptoms such as blurred vision, dizziness, extensive perspiration,
weakness, nausea, stomach pain, vomiting, diarrhea, extreme thirst, and blistered
skin indicate a more serious exposure to a more hazardous pesticide.

Avoiding Exposure
The risk of an excessive exposure that leads to illness or injury lessens when
a pesticide handler uses PPE and follows safe and required handling procedures.
Following safe procedures reduces the chance of an accident when a pesticide spills
or splashes. Using PPE protects the handler’s body from contact with the pesticide
during handling activities and in case of an accident. Washing thoroughly after
handling pesticides further reduces exposure consequences.

Personal Protective Equipment
By law, handlers must follow the PPE requirements on the pesticide label.
Pesticide labels prescribe PPE required for handlers who mix and load pesticides
and often contain separate requirements for handlers applying the pesticides. In
addition, California regulations require handlers to wear chemical-resistant gloves
and protective eyewear during most handling activities, even if the pesticide label
does not prescribe these items. Depending on the pesticide used, there may also
be additional state or local PPE requirements that exceed label requirements. See
Appendix 4—Minimum Required Personal Protective Equipment on page 81 for detailed
information on California’s PPE requirements.
PPE provides protection to the body and work clothing from pesticide exposure.
However, PPE is effective only if it fits correctly and if handlers use it properly.
Handlers or their employers must clean it after every use and maintain the equipment
according to manufacturers’ instructions. In addition, PPE does not provide perfect
protection from exposure. Employees still must follow safe handling techniques
and take every action to reduce any pesticide exposure. The PPE serves to reduce
the amount of exposure, should an employee have an accident or experience an
emergency.
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The greatest risk of pesticide poisoning
comes from pesticides contacting the skin.
Some areas of the body absorb certain types
of pesticides more quickly than other areas.
Areas that are more sensitive include the scalp,
face, forehead, and ear canal, all of which are
more difficult to protect with PPE than
other areas of the body.
The methods used to apply
pesticides also influences exposure. For
instance, exposure risk is greater when
applying liquids using high volumes and
high pressure than when using low volumes
and low pressure. Making applications in
enclosed areas is usually more risky than
outdoor applications.
In most instances, using more or safer
PPE than the label-required equipment
increases protection, and is allowed under
the regulations. The only exception is with
the use of certain fumigants. With these
fumigants, protective clothing and gloves
may trap the fumigant gas close to the skin, resulting
in increased exposure. That is why it is important to know what
information is stated on every pesticide label that you use; not all PPE requirements
are the same. Read and follow label instructions explicitly for the proper protective
clothing and precautions when applying fumigants.

Heat-Related Illness
The use of PPE, especially on warm days, increases the risk of heat-related illness.
Heat-related illness may mimic certain types of pesticide poisoning. Symptoms of
heat illness include tiredness, weakness, headache, sweating, nausea, dizziness, and
fainting. Severe heat illness can cause a person to act confused, get angry easily, behave
strangely, faint, or go into a coma. The U.S. EPA Worker Protection Standard (WPS)
and DPR regulations require that pesticide handlers receive training on recognizing,
avoiding, and treating heat stress along with training on recognizing pesticide illness.

Pesticide Emergencies
Employers must arrange with a medical facility for emergency medical care for
their employee handlers. Also, the employer must inform employees of the facility
location and assure that any employee handler who is possibly exposed to pesticides or
is exhibiting exposure symptoms is transported to that facility. In addition, employers
must train handlers on the immediate first aid steps to take to reduce illness or injury.
The pesticide label and MSDS provide important first aid information for different
types of pesticide exposure. These documents also describe what steps to take in
case of a pesticide spill, fire, or other emergencies. Always follow the instructions
on pesticide labels and MSDSs because the emergency information they provide is
specific to that pesticide product. The following are general first aid steps to take in
the absence of label-specific directions.
PESTICIDE LAWS AND REGULATIONS
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AVOIDING HEAT STRESS

H

eat stress is the illness that occurs when the body builds up more heat than
it can deal with. Heat stress is not caused by exposure to pesticides, but
may affect pesticide handlers who are working in hot conditions. Wearing
personal protective equipment—clothing and devices that protect the body from
contact with pesticides—can increase the risk of heat stress by limiting the body’s
ability to cool down.

Avoid Heat Stress
Several factors work together to cause heat stress. Before beginning a pesticidehandling task, think about whether any of these factors are likely to be a problem.
Consider making adjustments in the task itself or in the workplace conditions,
including:
• heat factors—temperature, humidity, air movement, and sunlight
• workload—the amount of effort a task requires
• personal protective equipment (PPE)
• drinking water intake
• scheduling

Heat and Workload
High temperatures, high humidity, and sunlight increase the likelihood of
heat stress. Air movement, from wind or from fans, may provide cooling. Because
hard work causes the body to produce heat, a person is more likely to develop heat
stress when working on foot than when driving a vehicle. Lifting or carrying heavy
containers or equipment also increases the likelihood of becoming overheated.

Signs and Symptoms of Heat Stress
Heat stress, even in mild forms, makes people feel ill and impairs their ability
to do a good job. They may get tired quickly, feel weak, be less alert, and be less able
to use good judgment. Severe heat stress (heat stroke) is a serious illness. Unless
victims are cooled quickly, they can die. Severe heat stress is fatal to more than 10
percent of its victims, even young, healthy adults. Victims may remain sensitive
to heat for months and be unable to return to the same work.
Learn the signs and symptoms of heat stress and take immediate action to
cool down if they appear. Signs and symptoms may include:
•

fatigue (exhaustion, muscle weakness)

•

headache, nausea, and chills

•

dizziness and fainting

•

loss of coordination

•

severe thirst and dry mouth

•

altered behavior (confusion, slurred speech, quarrelsome or irrational
attitude)

Heat cramps can be painful. These are muscle spasms in the legs, arms, or
stomach caused by loss of body salts through heavy sweating. To relieve cramps,
drink cool water. Stretching or kneading the muscles may temporarily relieve the
(continued on the next page)
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Avoiding Heat Stress (continued)

cramps. If there is a chance that stomach cramps are being caused by pesticides
rather than salt loss, get medical help right away.
It is not always easy to tell the difference between heat stress illness and
pesticide poisoning. The signs and symptoms are similar. Never waste time
trying to decide what is causing the illness. Get medical help right away. Severe
heat stress (heat stroke) is a medical emergency! Cool the victim immediately.
Brain damage and death may result if treatment is delayed.

First Aid for Heat Stress
• Get the victim into a shaded or cool area.
• Cool the victim as rapidly as possible by sponging or splashing the skin,
especially around the face, neck, hands, and forearms, with cool water
or, when possible, immersing in cool water.
• Carefully remove all PPE and any other clothing that may be making
the victim hot.
• Have the victim, if conscious, drink as much cool water as possible.
• Keep the victim quiet until help arrives.

First Aid for Skin Exposure
• Leave the area where the exposure occurred to get away from the vapors,
spilled pesticide, and prevent further contamination.
• If a person has stopped breathing after being exposed to the pesticide, call
9-1-1 and then immediately begin artificial respiration (rescue breathing) at
once and continue until breathing resumes or until professional help arrives.
If the person has stopped breathing and has no pulse, call 9-1-1 and then
immediately begin cardiopulmonary resuscitation (CPR) and continue until
professional help arrives.
• Remove the contaminated clothing and thoroughly wash the affected skin
and hair areas, using soap or detergent and large amounts of water.
• Call an ambulance or have someone transport the injured person to the nearest medical facility as quickly as possible.

First Aid for Eye Exposure
Do not wear contact lenses when working with sulfur dioxide or chlorine vapors.
• Leave the area where the exposure occurred to get away from the vapors,
spilled pesticide, and further contamination.
• Immediately flush the affected eye or eyes with a gentle stream of clean,
running water. Hold eyelids open to assure thorough flushing and continue
flushing for at least 15 minutes. Immediate and thorough decontamination of
the eyes is essential to reduce the severity of damage. Most damage usually
occurs before medical attention arrives. The 15-minute eyewash is very important, as some materials will continue to be drawn out of the eye membrane
as rinse time is prolonged.
• If running water is not available, slowly pour clean, unchilled water from a
glass, water cooler, or other container onto the bridge of the nose, rather than
directly into the eyes.
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• Always get medical attention when irritation persists after the flushing. Let
medical providers know the name of the pesticide that caused the injury.
Provide a copy of the label if it is readily available.

First Aid for Inhaled Pesticides
• Leave the area where the exposure occurred to get away from the vapors,
spilled pesticide, and further contamination. If rescuing a person in an unknown atmosphere such as an enclosed area where sulfur dioxide concentration is unknown or above 2 ppm, then a SCBA or an air-supplied respirator
must be worn.
• Anyone overcome by pesticide vapors must get to fresh air immediately.
Avoid physical exertion because this places an extra strain on the heart and
lungs.
• Loosen clothing to make breathing easier and release pesticide vapors trapped
between clothing and the skin.
• If breathing has stopped, or is irregular or labored, call 9-1-1 and then immediately begin artificial respiration (rescue breathing). Continue assisting
until breathing has improved or until medical help arrives. If the person has
stopped breathing and has no pulse, call 9-1-1, then immediately begin cardiopulmonary resuscitation (CPR), and continue until help arrives.
• An inhalation injury often may cause a person to go into shock. Therefore,
keep the injured person calm and lying down. Prevent chills by wrapping the
person in a blanket after removing contaminated clothing. Do not administer
alcoholic beverages.
• If convulsions occur, protect the victim from falls or injury and keep air passages clear by making sure their head is tilted back.
• Call 9-1-1 and request an ambulance or transport the person to the nearest
medical facility. Provide medical personnel with the name of the pesticide.
Provide a copy of the label if it is readily available.

First Aid for Swallowed Pesticides
• Leave the area where the exposure occurred to get away from the vapors,
spilled pesticide, and further contamination.
• If the person is conscious and alert, give large amounts (1 quart for an adult or
a large glass for a child under age 7) of water or milk. Do not give any liquids
to an unconscious or convulsing person.
• Do not induce vomiting without checking the label for instructions. Some
pesticide products can cause additional harm if the victim vomits. If you do
induce vomiting, make sure the person is kneeling or lying face down or on
their right side. If in doubt, do not induce vomiting.
• Call 9-1-1 and request an ambulance or transport the poisoning victim to the
nearest medical facility. Provide medical personnel with as much information
as possible about the swallowed pesticide. Provide a copy of the label if it is
readily available.

Disposing of Contaminated Clothing and Other
Contaminated Items
When a pesticide emergency arises, there may be contamination of clothing, PPE,
and other items. This contamination may be greater than incidental contamination
during normal mixing and application operations. As a result, it may not be possible
to remove the entire pesticide residue. Handling contaminated clothing could be
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hazardous. This clothing must never be taken home or even sent to a commercial
laundry for cleaning.
Place contaminated clothing and any other contaminated objects into a sealable
container and dispose of these as hazardous waste. Label the container to indicate the
contents are hazardous. Include on the label the name of the pesticide and its signal
word. Contact the local county agricultural commissioner for instructions on how to
dispose of these materials properly.

EMPLOYEE RIGHTS
Employees who handle pesticides, and those who work in treated areas, have the
right to receive information about these pesticides. This includes copies of the pesticide
label, MSDS, hazard communication documents, and safety leaflets. Employers must
keep this information at a central location in the workplace. Inform employees where
to obtain the materials and let them know they have a right to access it.

NON-COMPLIANCE
DPR and county agricultural commissioners enforce federal and California
pesticide laws and regulations. Employers must take all reasonable measures to assure
that employees handle and use pesticides in accordance with requirements of laws,
regulations, and pesticide product labeling. Following worker safety requirements
protects employees’ health and the environment. Non-compliance violates federal
and state laws and may put employees in danger. DPR and county agricultural
commissioners have the authority to levy substantial penalties on people who
violate pesticide laws. Penalties range from $50 for minor violations to $50,000, and
imprisonment, for certain violations that have, or may have, caused hazards to human
health or the environment. In addition, individuals holding a license or certificate
issued by DPR who violate any pesticide laws or regulations can have their license
or certificate restricted, suspended, or revoked.
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REVIEW QUESTIONS

1.

The agency in California responsible for regulating pesticide use is
A. Cal/OSHA
B. U.S. EPA
C. DPR
D. DHS

2.

The agency that does NOT require employers in California to take certain actions to protect the safety of their employees who handle pesticides is
A. Cal/OSHA
B. U.S. EPA
C. DPR
D. DHS

3.

Written materials attached to the pesticide container and documents referred
to on the pesticide label are
A. Material Safety Data Sheets
B. Manufacturer literature
C. Supplemental labeling
D. Pesticide Safety Information Series

4.

An important reason to read a pesticide label after completing the pesticide
application is to
A. Review disposal information and requirements
B. Make sure you used the proper PPE
C. Be sure you mixed the pesticide properly
D. Assure the pesticide is labeled for the use you put it to

5.

In addition to the pesticide product label, which other source provides important
hazard information about the product?
A. Pesticide Safety Information Series
B. The Internet
C. County agricultural commissioner newsletters
D. Material Safety Data Sheets
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6.

When you are required by regulation to keep pesticide use records, how long
after application must you keep these records?
A. 6 months
B. One year
C. Two years
D. Five years

7.

Local restrictions may be placed on some pesticides due to
A. Danger to public health
B. Need to reduce pesticide use
C. State budget constraints
D. Competition from foreign entities

8.

In California, non-certified pesticide handlers must receive pesticide safety
training from their employers at least
A. Yearly
B. Every two years
C. Every four years
D. Every five years

9.

Which of the following is not one of the subjects required to be covered during
pesticide safety training of non-certified pesticide handlers?
A. Handling pesticide containers
B. How to measure and mix pesticides
C. How to select the correct pesticide
D. Parts of the pesticide label

10. The most frequent route of pesticide exposure is through the
A. Eyes
B. Mouth
C. Skin
D. Lungs
11. A precaution when working with fumigants such as sulfur dioxide is to
A. Avoid wearing contact lenses while handling
B. Never walk through spilled vapors
C. Stay at least 15 feet away from the fumigant cylinder
D. Always wear a dust/mist mask during handling
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12. The severity of injury from pesticide exposure depends on all the factors listed
below EXCEPT
A. Pesticide toxicity
B. How soon after a rainfall application was made
C. Mode of action of the pesticide
D. Amount of exposure
13. Which of the following symptoms could be an indication of a serious pesticide
exposure as opposed to a mild amount of exposure?
A. Skin rash
B. Dizziness
C. Eye irritation
D. Throat irritation
14. When must protective eyewear be worn while handling pesticides?
A. At all times even if not required by the pesticide label
B. Only when required by the pesticide label
C. Only during windy conditions
D. Only when handling liquids or dusts
15. What is the immediate source for first aid instructions for pesticide exposure?
A. American Red Cross First Aid handbook
B. Company operating procedures manual
C. Material Safety Data Sheet
D. Pesticide label

Turn to Page 71 for Review Question Answers
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Handling Antimicrobial
Pesticides

I

t is important when using antimicrobial pesticides for you to protect yourself,
other employees, and the public from any exposure during an application and to
prevent encountering residues on treated areas after the application. Be sure to
notify people in the area about any planned application. Explain what you are doing to
reduce hazards and what they should do to avoid exposure. When possible, schedule
an application for a time when people are not present. To avoid any environmental
hazards, check and follow precautions listed on labels and MSDS sheets.

HANDLE CONTAINERS CAREFULLY
Wear chemical-resistant gloves, coveralls, and other protective clothing when
handling pesticide containers. Avoid dropping or throwing containers as this may
cause damage, resulting in leaks. If you discover a damaged and leaking container,
transfer the material to another suitable service container.
A service container is any container, other than the original labeled packaging,
that holds pesticides. Manufacturers design these for applying, storing, or transporting
pesticide concentrates or use-diluted preparations. If you put a pesticide into a service
container, label it with the following information:
• common name of the pesticide
• the signal word
• name and address of the person responsible for the container

Never leave pesticide containers unattended or stored in an unattended or
unsecured storage area. Keep containers away from food and water and away from
sources of moisture, heat, and fire. Never allow paper containers to get wet.
Do not eat, drink, or smoke while handling pesticides and pesticide containers.
Wash thoroughly when finished handling containers and before eating, drinking,
smoking, or using the bathroom.

PERSONAL PROTECTIVE EQUIPMENT
PPE reduces your chances of exposure to an antimicrobial pesticide during
handling activities. Follow all label-mandated PPE requirements. Handlers must start
each workday with clean PPE. Employers are responsible for cleaning and maintaining
PPE. Soiled PPE should never be reused until properly cleaned. Employers must
arrange to have PPE cleaned at the end of the workday, and must replace any that
becomes heavily soiled during the workday.
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Minimal Protective Clothing. Always follow the label or regulations regarding
the minimal protective clothing to use when handling, mixing, or applying
antimicrobial pesticides. If the label is not specific, it is a good practice to wear some
minimal work clothing to prevent chemicals from contacting your skin. Unless labels
of DANGER or WARNING pesticides are more specific, the minimum protective
clothing is a one or two-piece garment of closely woven fabric (or equivalent) that
covers the entire body except the head, hands, and feet. Wearing coveralls over your
regular clothing provides additional protection. Coveralls have the advantage of easy
removal if they become contaminated or when you finish working. See Appendix 4
on page 81 for complete California minimum PPE requirements
Disposable Protective Clothing. Manufacturers produce disposable protective
clothing from several types of materials suitable for pesticide application. Disposable
fabrics made from nonwoven, bonded fiber materials are superior to woven fabrics.
Uncoated disposable clothing is not suitable if the pesticide label states the clothing
must be “waterproof” or “chemical-resistant.” However, manufacturers laminate or
bond some nonwoven fabrics to other materials to make them waterproof. Disposables
are usually lightweight but remarkably strong and resistant to tearing or puncturing
and have the major advantage of not requiring cleaning or decontamination after
use. Throw them away at the end of the workday, or if they become contaminated
or damaged.
If the label requires waterproof or chemical-resistant bodywear, you must observe
certain temperature restrictions. Except under specific exceptions in regulation, you
cannot apply these pesticides if the daytime ambient temperature exceeds
80°F or the nighttime ambient temperature exceeds 85°F.
Gloves. Chemical-resistant gloves are an essential part of
antimicrobial pesticide safety equipment and you must wear them when
handling most pesticides. Choose gloves made from natural rubber, latex,
butyl, or neoprene unless the label specifies a particular material. Select a
material that offers the best resistance to the types of pesticide you are using.
The thickness of the glove material influences the amount of protection—
thicker materials are better but have the disadvantage of reduced dexterity. Choose
materials that resist puncturing and abrasion.
Check pesticide labels for special glove recommendations or requirements. For
instance, labels prohibit using waterproof gloves with some fumigants, since they
increase the chances of dermal contact. Other labels may require the use of gloves
made of specific materials.
Footwear. Shoes and socks are the minimal required footwear for pesticide
handling, although some pesticides require the use of waterproof boots or boot
coverings. Waterproof footwear is available in conventional boot and overshoe styles.
Eye Protection. Always wear eye protection while handling pesticides.
California regulations require protective eyewear during most types of pesticide
application even if the requirement is not on the pesticide label.
Eye protection is available as safety glasses, goggles, faceshields,
and faceshields combined with respirators. Unless the pesticide
label specifies the type of eye protection, you may wear safety
glasses if their frames include a brow piece and side shields.
Respiratory Protection Equipment. Respirators protect the lungs and
respiratory tract from airborne pesticides. You can choose from several types and
styles suitable for mixing and applying pesticides. Select respiratory equipment based
on the requirements listed on the pesticide label.
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Disposable dust and mist masks showing NIOSH approval and a rating of at
least N-95, P-95, or R-95 are the simplest form of respiratory protection. They are
lightweight, soft, and usually comfortable to wear. Two elastic straps hold them in
place. Some have soft metal bands or a soft pliable edge that shape around the bridge
of the nose and face for a better seal.
Some pesticide labels require the use of NIOSH approved cartridge respirators.
The label will specify the type of cartridge required based on the pesticide and its
formulation. Cartridge respirators remove low levels of pesticide vapors, dusts, and
mists from the air but provide limited or no protection against fumigants (gases)
where a SCBA or an air-supplied respirator is required.
Respirator use, whether required by the label or voluntary, can carry employer
responsibilities. This may include training, fit testing, and, in most instances, a
physical examination and written release from a physician. Contact your local county
agricultural department for details.

TRANSPORTING AND STORING PESTICIDES
Transporting. There is always a risk of a spill or uncontrolled release of a
pesticide should an accident occur while transporting it in a vehicle. For this reason,
it is a good idea to always carry a spill kit in the vehicle. Spilled materials may cause
serious human exposure and environmental damage. Some pesticides are flammable,
adding dangers of fire and toxic vapors. There is a risk of passing vehicles becoming
contaminated, possibly endangering people inside, or the vehicles spreading the
pesticide beyond the spill site, further endangering people, animals, and surrounding
areas. Spilled chemicals may wash into ditches, streams, and rivers during rainstorms,
creating the potential for serious damage, including
groundwater contamination. Spilled pesticides
may also contaminate the vehicle, its occupants,
or other cargo. It may be impossible to remove
all residues from a vehicle.
Never carry pesticides in the passenger
compartment of any vehicle. The safest
way to transport pesticides is in the back
of a truck. Secure all pesticide containers
in the cargo area and protect them from
rain and other potential damage. Never
stack pesticide containers higher than the
sides of the transporting vehicle. Secure
fumigant cylinders in the vehicle in an
upright position. Be sure all cylinders have
screw-on steel bonnets to protect valve
mechanisms. When transporting pesticides, never allow children, adults, or animals
to ride in the cargo area. Also, never transport food, animal feed, or clothing in the
same compartment. Do not leave containers unattended in a vehicle unless they are
inside a locked compartment. To assist emergency workers in case of an accident, it is
advisable to carry a manifest or list of the pesticides in the vehicle and a MSDS for each.
Should an accident occur where pesticides spill on public roadways, call 9-1-1
at once. Keep people and other vehicles away. Never leave the scene of a spill until
responsible help arrives. For advice on cleaning up spills, contact CHEMTREC
(Chemical Transportation Emergency Center) at 1-800-424-9300. Call this number
only in the case of an actual emergency. There are times when the person or company

CHEMTREC

1-800-424-9300
Emergencies Only
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transporting the material cannot quickly and safely clean up a spill. In these cases,
municipal agencies provide or contract for cleanup of roadways within their
jurisdiction. These agencies include CalTrans (on state highways) and designated
city or county agencies, including some fire departments and county hazardous
materials response units.
Storage. Store pesticides in their original, tightly closed containers. Whenever
possible, wipe or wash pesticide residue off outsides of containers. Protect containers
from extremes in temperature and from becoming wet. The area must have good
ventilation and lighting. Be sure it is dry and secure, with lockable doors and windows.
Post warning signs on or around the storage area so they are visible from all direction
of probable approach to warn others that the building contains pesticides. You must
post warning signs when the storage area contains pesticide containers that hold
or have held pesticides with the signal words DANGER/POISON, DANGER, or
WARNING.
It is advisable to maintain records of all pesticides being stored. Keep this record,
or a copy of it, separate from the building. To prevent injury during a fire or other
emergency, give this information to emergency workers. Check stored pesticide
containers on a regular basis, looking for leaks or spills. Immediately clean up any
spilled pesticide in the storage area. Keep packages on shelves or on pallets to reduce
exposure to excess moisture.
Check pesticide labels for storage restrictions, because some pesticides do not
store well for long periods. Pesticides may change chemically during extended
storage, especially if exposed to temperature extremes. These changes may cause
some products to lose their effectiveness or others to become more toxic. Sometimes,
moisture and air picked up during storage alters the chemical composition of some
materials. Pesticides in unsealed containers are most susceptible. Solvents and
petroleum-based chemicals deteriorate some types of containers after a time.
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REVIEW QUESTIONS

1.

If a pesticide container is leaking
A. Transfer its contents into the application spray tank
B. Seal it in a plastic bag and place it in a dumpster
C. Transfer the contents into a service container
D. Return it to the distributor

2.

Which of the following WOULD NOT be required to be part of a service container labeling?
A. The signal word printed on the pesticide label
B. A copy of the MSDS
C. The common name of the pesticide
D. The name and address of the person or company responsible for the container

3.

The minimal requirements for footwear during pesticide handling is
A. Chemical resistant boots
B. Waterproof shoe coverings
C. Leather boots with non-slip soles
D. Shoes and socks

4.

When you are transporting pesticides in the back of a truck, and must park the
vehicle where you cannot see it, never leave containers unattended
A. For longer than 30 minutes
B. For more than one hour
C. Unless the containers are tied down with sturdy ropes
D. Unless they are inside a locked compartment

5.

Which of the following is NOT a good reason to store pesticides for long periods?
A. To keep a supply on hand in case the material goes out of production
B. Some pesticides change chemically during storage
C. Containers sometimes begin to deteriorate
D. Pesticides can be adversely affected by temperature extremes, moisture,
and air

Turn to Page 71 for Review Question Answers
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Emergency or Incident
Response

reat all pesticide leaks, spills, or uncontrolled releases as emergencies.
Leaks or spills can occur during transporting, storing, while handling containers, or during application.

When spills occur on public roadways, immediately call 9-1-1. Responding agencies will take charge of coordinating the cleanup and protecting the public. If a spill
should occur in areas other than public roadways, immediately follow the emergency
procedures listed below. As soon as it is practical, report all spills of pesticides, no
matter where they occur, to the local county agricultural commissioner.
Put materials that you clean up and anything that was contaminated by the spill
into a sealable drum. Label the drum to indicate it contains hazardous waste. Include
the name of the pesticide and the signal word (DANGER/POISON, DANGER,
WARNING, or CAUTION). Under most circumstances, the residue from a pesticide
spill must be sent to a Class 1 hazardous materials disposal facility.
Spills on cleanable surfaces, such as concrete, require thorough decontamination.
Commercial decontamination preparations are available for this purpose. Follow
label and MSDS instructions for cleanup and decontamination.

CLEANING UP PESTICIDE LEAKS OR SPILLS
Cleaning up major pesticide spills requires the help of professionals. It is extremely difficult and costly to remove contaminated soil or to prevent or clean up
surface and groundwater contamination. The types of pesticide leaks and spills you
will most likely encounter will be controllable quantities—such as from a damaged
container. Proper and immediate response to even these types of small spills is necessary to minimize damage to human and environmental health.
There are certain basic steps you should follow
in cleaning up a pesticide leak or spill:
Clear the Area. Rope off the area or set up barricades to keep everyone away from the contaminated
site. Take immediate action to protect yourself and
others. Get everyone out of the area at once. Provide
first aid to anyone who has been injured or contaminated, and send for medical help if necessary.
Some liquid pesticides are flammable, or contain flammable carriers in their formulation. Pesticide
powders are potentially explosive, especially if a dust
cloud forms in an enclosed area. Do not allow any
smoking near a spill.
EMERGENCY OR INCIDENT RESPONSE
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Wear Personal Protective Equipment. Before entering an area where pesticides have been spilled and before beginning any cleanup, put on the PPE listed on
the label for handling the concentrated material. If the spill occurs indoors or in an
enclosed area, shut off all electrical appliances and motors that could produce sparks
and ignite a fire or explosion. Open widows and doors to increase ventilation.
Check the pesticide label for additional precautions, but when uncertain what
has been spilled, wear the maximum protection for your own safety. This includes
chemical-resistant head covering, boots and gloves, waterproof protective clothing,
goggles, and a respirator.
Contain the Leak. Stop the leak by transferring the pesticide to another container or by patching the leaking container (repair paper bags and cardboard boxes
with strong tape) if it is safe to do so, if not, just clear the area. Use materials in the
the pesticide spill kit or soil, sand, sawdust, or absorbent clay to form a containment
dam around liquid leaks. Common cat litter is a good absorbent material for pesticide
cleanup; also, there are commercially available absorbent products for this purpose.
If the wind is blowing pesticide dusts or powders, lightly spray the area with water
or cover the spill with a plastic tarp to prevent offsite movement.
Clean Up the Pesticide. Proceed to clean up the spill or leak. Brush the containment dam of absorbent material toward the center of a liquid spill. Add additional
absorbent material if necessary. If the spill is on soil, shovel out contaminated soil for
disposal. Place the absorbent or spilled dry product, and any contaminated soil, in a
sealable container. Containers for holding contaminated materials must be suitable
for transporting. Label the container with the pesticide name and signal word and
the name and address of the responsible party.
Clean Nonporous Surfaces and Safety Equipment. If the spill occurred on a
cleanable surface, such as concrete or asphalt, use a broom to scrub the contaminated
surface with a strong detergent solution. Again, clean this up with absorbent material
and place it in the container. You must clean or properly dispose of equipment such
as brooms, shovels, and dustpans used in the cleanup procedure. When finished,
clean or properly dispose of all contaminated PPE.
Dispose of the Material. Regulations on disposal of hazardous materials may
vary depending on the area. Check with the local county agricultural commissioner
for instructions on how to dispose of the container and its contents, contaminated
materials used to clean up the spill, and contaminated PPE.
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REVIEW QUESTIONS
1.

As soon as practical, after contacting emergency response agencies, report all
spills of pesticides, no matter where they occur, to the
A. Local fire department
B. Sheriff’s office
C. Local county agricultural commissioner’s office
D. Department of Pesticide Regulation

2.

After placing material cleaned up from a pesticide spill into a sealable drum,
label it with the following:
A. “Contents: Hazardous Waste”
B. “Contents: Hazardous Waste” plus pesticide disposal instructions
C. “Contents: Hazardous Waste” plus date and name and address of responsible party
D. “Contents: Hazardous Waste” plus the pesticide name, signal word, and
name and address of responsible party

3.

For instructions on how to decontaminate a concrete surface after a pesticide
spill, consult the
A. Pesticide manufacturer
B. Local pesticide dealer
C. Pesticide label and MSDS
D. Local county agricultural commissioner’s office

4.

A spill cleanup kit for liquids should always include
A. A sturdy water hose
B. Several large paper bags
C. A supply of absorbent material
D. A mop and mop bucket

5.

For information on how to dispose of waste from a pesticide spill, contact the
A. Department of Pesticide Regulation
B. U.S. Environmental Protection Agency
C. Local county office of emergency services
D. Local county agricultural commissioner

Turn to Page 71 for Review Question Answers
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Sanitizing Wooden Wine
Barrels and Wine Bottle Corks

T

he fermentation of grape juice to produce wine requires the presence
of naturally occurring yeasts and/or the addition of other specialized yeasts
to the batch by the wine maker. Obtaining particular desirable qualities and
flavor of the wine requires maintaining a delicate balance of these microorganisms.
Certain other naturally occurring microorganisms can disrupt this balance during the
fermentation process or after bottling the finished product. Winery personnel sanitize
wooden wine barrels and wine bottle corks to minimize the effects of problematic
non-public health organisms. Unless properly controlled, some of these organisms
impart unpleasant flavors to wine, impact the aromatic qualities of the wine, or affect
the wine’s intended color. Others cause spoilage or interfere with the fermentation
process.
Brettanomyces is a common yeast fungus that occurs in nature on the skins of
fruits. High levels of this organism in grape juice used for the production of wine
interfere with the flavor and taste of the wine batch. Brettanomyces or “Brett” can cause
contamination of oak barrels used for fermentation and aging, requiring wine makers
to sanitize the barrels before introducing new batches of grape juice. This organism
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easily spreads by using unsanitized equipment in wineries. Once the organism is
present, it is difficult to eradicate. However, Brettanomyces is highly sensitive to sulfur
dioxide (SO2); therefore, this is an effective antimicrobial pesticide for suppressing
this organism.
Several bacteria species, including Lactobacillis and Pediococcus are contaminants
that interfere with the wine making process. These organisms contribute to the production of excessive acetic acid, wine spoilage, and slowing the fermentation process
(known as “stuck fermentation”).
Wine barrels represent a sizeable investment for wine producers, making it
crucial to reuse these barrels and extend their usefulness through proper sanitization
methods. Although using sulfur dioxide gas to fumigate barrels is the accepted standard in the industry, winemakers and researchers have experimented with various
other methods, including:
• steam cleaning the inner surfaces
• cleaning with ozone-saturated water
• saturating the interior of the barrel with ozone gas
• using dry ice particles to blast the inner surfaces
• filling barrels with hot water
• burning sulfur wicks inside barrels

FUMIGATING WINE BARRELS WITH SULFUR DIOXIDE
GAS
The compressed sulfur dioxide gas you use for sanitizing wooden wine barrels
must have a registered pesticide label attached to the gas cylinder. Sanitizing wine
barrels must be one of the authorized uses listed on this product label. Never use a
compressed sulfur dioxide product that does not contain a label for this intended use.
Prewash Barrels. Wineries use various methods for washing out barrels that previously contained
wine. This may involve high-pressure water, the use
of soap or other solvents, or other effective methods
preferred by winery management. Once you have
washed the barrels, thoroughly drain and air-dry
them according to the winery’s procedures.
Read the Pesticide Label. Before beginning to
fumigate wine barrels, read the sulfur dioxide label,
application information included on the label, and
company operating procedures pertaining to this
process. Make sure you understand all the hazards
associated with using sulfur dioxide gas. Learn how
to avoid these hazards. Be sure you have the proper
PPE required by the label.
Check to make sure that any cylinder you are
using to fumigate wine barrels or corks contains
sulfur dioxide in the gas form and not the liquid
form. Cylinders containing liquid SO2 are under much higher pressure than those
containing the gas phase only. Using SO2 under high pressure will overdose the barrel
and release too much SO2, creating a serious respiratory hazard. Liquid-containing
cylinders employ an eduction tube to draw the liquid from the bottom of the cylinder,
while the gas-containing cylinders must not have this device.
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Personal Protective Equipment
The minimal protective clothing and equipment when fumigating barrels or
corks with sulfur dioxide gas includes a long-sleeved shirt and long pants, gloves,
eye protection (full faceshield, goggles, or safety glasses with side shields and brow
pieces), and chemical resistant gloves and boots. If the concentration of sulfur dioxide in the work area, as measured by a atmosphere monitoring device (see “SO2
Monitoring” section below), does not exceed the amount specified on the pesticide
label, respiratory protection is not required. However, keep the proper respiratory
equipment available in case of an emergency.
Never wear contact lenses when working with SO2 gas. Contact lenses will
absorb and trap vapors, plus their presence would complicate decontamination of
the eyes in case of exposure. Vapors absorbed by a contact lens can cause serious eye
irritation or injury.
Some situations require using additional PPE. For example, when using application equipment that is not equipped with wire-braided hoses, you must wear
full-body protective clothing, gloves, and boots, all of which must be impervious to
sulfur dioxide. In addition, you need to wear a face shield and approved respiratory
protection.

Respiratory Protection
Special respirators protect the lungs and respiratory tract from airborne SO2
gas. If the ambient air concentration of SO2 gas exceeds 2.0 ppm at any time, anyone
working in or entering the fumigation area must wear a NIOSH/MSHA approved
supplied air respirator or a self-contained supplied air respirator. Never use a cartridge
respirator if you need to enter an area that has a high SO2 concentration. These are
not approved for this type of use since they do not provide air for breathing and
they have limited or no capacity to filter out the SO2 gas and adequately protect you.

Supplied Air Respirator. Supplied air respirators do not require filters or cartridges to remove the gas because they provide an outside source of clean, uncontaminated air. A length of hose connects the wearer to a distant air pump or large
stationary air tank. This provides an unlimited quantity of fresh air. However, the
range of available hose restricts the wearer’s mobility. The maximum hose length is
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usually 300 feet. Long hoses are cumbersome and awkward to handle—users must
take precautions to avoid kinking, snagging, or hose damage. If the hose attaches to
an air pump, you must locate the pump in an area where safe, fresh air is available.
These respirators use either a hood with a clear face piece, a helmet with a clear
face piece, or a strap-on half or full face piece. The hood, helmet, and full-face piece
models provide eye protection. Hoods and helmets provide a continuous flow of
fresh air around the entire head, whether inhaling or exhaling. Because of continuous
positive air pressure, hoods and helmets do not require critical sealing around the
face, so they work with beards, long sideburns, and eyeglasses. Replace the hood if
it develops holes or tears. Regularly inspect the air hose, and replace it if it becomes
cracked or shows wear.
Self-Contained Supplied Air Respirator. Self-contained supplied air respirators
(often called a self-contained breathing apparatus—SCBA) provide clean air from pressurized tanks that a user carries on their body, similar to a scuba diver. The tank connects to either a half- or full-face piece. Full-face piece models provide eye protection.
Self-contained units provide a limited quantity of air. Once you exhaust the air
supply, the system cannot provide any protection. To conserve the air supply, a pressure demand regulator admits fresh air into the mask as you begin to inhale. Airflow
diminishes when you exhale. Manufacturers equip these units with warning devices
to alert users when the air supply is getting low. Air tanks may be
heavy and bulky, but they allow unlimited mobility.
Cleaning and maintaining a self-contained supplied air
respirator is critical to its safe operation. The mask must fit
properly to seal against the face. Exhalation valves have to be
in good working order to prevent any outside air from entering. Regularly inspect the air hose, and replace it if it becomes
cracked or shows wear. Keep pressure regulators clean, dry,
and protected from damage.

SO2 Monitoring

Never enter an enclosed fumigated area, even after venting, without measuring for toxic levels of fumigant vapors.
Several different atmosphere-monitoring devices detect and
measure vapors. Depending on the type of monitoring device you
use, you may need to wear required respirators and protective
clothing when taking air samples. Some monitoring equipment
may allow remote sensing. Take measurements in several locations within a confined space, since localized pockets in the area
sometimes trap vapors.
Choose atmosphere-monitoring equipment that is capable of
measuring SO2 levels. Various manufacturers produce air samplers that use detector
tubes for SO2 gas. These inexpensive samplers have a small hand pump or syringe
device to pull air from the atmosphere into the detector tube. You must wear a supplied air respirator
when taking air samples with these types of monitoring
devices. Be certain that the monitoring device provides accurate readings at least in the range of 0.5 to 4.0 ppm SO2. Learn
about the shortcomings of these devices, since other contaminants
in the atmosphere can produce erroneous readings. Get proper training on
this equipment so you can reliably detect when the SO2 level exceeds 2.0 ppm.
Examples of SO2 detectors include those manufactured by Draeger, Kitagawa, and
Sensidyne, using the correct air samplers with the appropriate detectors.
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Fumigation Process
Before beginning the barrel fumigation process, post warning signs at all entrances to the area. Include on these signs the following statements in English and
Spanish:
• the signal word DANGER/PELIGRO in 2-inch letters
• the skull and crossbones symbol
• the statement: “Area Under Fumigation - DO NOT ENTER/NO ENTRE”
• the date and time of fumigation
• name of fumigant used: Sulfur Dioxide – SO2 Gas
• name, address, and telephone number of the applicator

Keep warning signs posted until after the application is complete, which means
after aeration and monitoring verifies that the ambient air concentration is below the
safe and legal limit of 2.0 ppm SO2. Do not allow anyone into the area until testing
confirms it is safe to enter.
Attach a barrel gassing unit with a pressure gauge to the SO2 cylinder (obtain this
equipment from the sulfur dioxide cylinder supplier), and
open the cylinder valve. Be sure that the pressure gauge
stays within the range of about 18 to 45 psi throughout
the fumigation process. Most users prefer 20 psi. When
the pressure drops below this level, connect a new cylinder to the gassing unit.
Begin treatment by removing the bung from the
cleaned barrel, insert the SO2 wand into the barrel, then
open the wand valve for 2-3 seconds. Immediately close the
wand valve, remove the SO2 probe, and seal the barrel opening. Repeat this process
for each barrel you are fumigating.
During the fumigation process, regularly monitor the air in the work area to
assure that the SO2 concentration does not exceed 2.0 ppm. If readings are above 2.0
ppm, you and all other workers must leave the area immediately or put on approved
supplied air respirators until the SO2 level in the atmosphere drops to or below 2.0
ppm. You must determine the problem causing the unsafe concentration, and work
cannot resume until the cause is corrected.
Store the sealed treated barrels for at least one and no more than 30 days before
filling them with grape juice or wine. Any barrels stored for more than 30 days must
be retreated before using them.

FUMIGATING WINE BOTTLE CORKS
Fumigating corks before bottling reduces the effects of non-public health fungal
or bacterial growth prior to corking the bottles. This minimizes contamination of
wine in the bottles. You use the same process for fumigating corks as for fumigating
wine barrels. Use an SO2 cylinder that contains gas only, not a cylinder that contains
liquid SO2. Be sure the cylinder provided by the supplier has a pressure gauge and
that the pressure in the cylinder is in the range of about 20 psi. When the pressure
drops below this level, use a fresh cylinder.
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Follow the same procedures for posting the area where cork fumigation takes
place as for barrel fumigation. Monitor the air in the fumigation area to assure that
the SO2 level stays below 2.0 ppm.

Place a plastic bag into the cork loading equipment and fill the bag with corks.
Begin the plastic bag heat-sealing process. Before completing the heat sealing, insert
the SO2 gas tube into the bag and open the cylinder hose valve for 2 to 3 seconds.
Remove the gas tube and complete the heat sealing. Place a “SO2 Fumigated” label
on the bag. Allow at least 24 hours to pass before using treated corks.

AVOIDING HAZARDS ASSOCIATED WITH SULFUR
DIOXIDE FUMIGATION
The handling of SO2 cylinders and the use of SO2 gas have certain hazards that
you must learn to avoid to protect yourself and others.

SO2 Cylinders

Keep cylinders upright at all times and secured so they will
not fall over during storage or while you are using them. Keep the
steel bonnet on the cylinder and remove it only when performing
a fumigation operation. When not in use, remove the hose
and be sure to screw the steel bonnet back onto the top of the
cylinder. When a cylinder is empty, tightly close its valve
by turning to the right, disconnect the hose, and replace the
bonnet. Promptly return empty cylinders to the supplier.
Never use cylinders for any other purpose.
Never subject cylinders to rough handling or mechanical shock such as dropping, bumping, dragging, or sliding.
SO2 cylinders have fusible plugs (heat sensitive plugs) that
will rapidly release the gas if the temperature of the cylinder
reaches 165°F. Therefore, never expose cylinders to any heat
source, including hot water. Do not store cylinders near flammable material, near inlets of a ventilating or air conditioning
unit, near any source of direct heat, or in a subsurface location.
If a sudden release occurs, evacuate the work or storage area
until monitoring equipment indicates there is 2.0 ppm or less
SO2 concentration in the ambient air. Until reaching the 2.0-ppm threshold, you and
anyone else must wear an approved respirator if you have to enter the area. If possible, move the leaking or damaged cylinder outdoors or to an isolated location. Work
upwind if feasible. Get immediate medical attention for anyone who has inhaled the
gas, even if exposure symptoms are not readily apparent.

Working with SO2 Gas

Inhaling SO2 gas can be fatal if inhaled in high concentrations, so avoid breathing
the vapor. Anyone with a history of respiratory problems should avoid any amount
of exposure. Sulfur dioxide is an eye, nose, and throat irritant even at low levels. If
tearing or upper respiratory tract irritation symptoms occur, leave the fumigation
area immediately.
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REVIEW QUESTIONS

1.

A cylinder of liquid sulfur dioxide should never be used for sanitizing wine
barrels because
A. Using cylinders containing liquid SO2 is cost prohibitive
B. These cylinders are not labeled for this use
C. Gas from these cylinders is too cold for effective sanitation
D. The pressure of the gas from these cylinders is too low for the intended use

2.

Never wear contact lenses while working with SO2 gas because
A. SO2 vapors can cause irreversible clouding of contact lenses
B. Contact lenses interfere with the proper use of protective eyewear
C. SO2 vapors absorbed by the lenses can cause serious eye injury
D. SO2 vapors can distort the proper fit of contact lenses

3.

The appropriate SO2 gas pressure range for sanitizing wine barrels and corks
is between
A. 5 and 15 psi
B. 18 and 45 psi
C. 22 and 60 psi
D. 50 and 65 psi

4.

If the SO2 level in the atmosphere of the area where wine barrel fumigation is
taking place exceeds ___ ppm, respiratory protection is required.
A. 1.0
B. 2.0
C. 3.0
D. 4.0

5.

If respiratory protection is needed to enter an area containing SO2 gas, the
minimum allowed respirator is a
A. Mist and dust mask
B. Cartridge respirator
C. Full-face cartridge respirator
D. Supplied air respirator
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6.

The approximate release time for injecting SO2 gas into a wine barrel is
A. 2 to 3 seconds
B. 3 to 5 seconds
C. 5 to 8 seconds
D. 8 to at least 10 seconds

Turn to Page 71 for Review Question Answers
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Microorganism Control In
Water Cooling Systems

R

emoving heat from building air conditioning units prevents uncomfortable
or unsafe heat buildup. Since water absorbs heat efficiently, it serves as the
heat transfer medium in most large cooling systems. Usually, the system
incorporates some type of water cooling tower to remove heat from the water, allowing it to recirculate through the system. In most cases, the water used in these
systems is prone to microorganism invasion. To control this problem, cooling system
maintenance personnel add antimicrobial pesticides to this water and they may treat
the surfaces inside the cooling tower that contact the water. Certain microorganisms
that infest cooling tower water have the potential for causing serious health hazards
to the public. Others interfere with the efficiency of heat transfer and damage cooling
tower components by causing corrosion, clogging, or decay. Some microorganisms
produce undesirable odors.
Closed Recirculating Systems. In closed recirculating systems, the water used
for cooling stays contained in closed pipes or tanks. The system uses a heat exchanger
to cool the water, which keeps the water from being exposed to the air. This reduces
water loss and reduces microbial contamination. For this reason, these systems require
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minimal amount of chemical treatment. An example of this type of water cooling
system is the radiator used on water-cooled automobile engines.
Once-Through Systems. Once-through systems require an abundant source of
cool water, such as from a well, river, stream, or sometimes the ocean. The cool water
removes heat and is then disposed of, usually back into the water source. Chemical
treatment of the water for control of microorganisms is very costly since the water is
not reused and chemicals are lost in the water discharge. Discharging water treatment
chemicals in this way becomes a source of environmental pollution.
Open Recirculating Systems. Most systems commonly in use on large
installations are the open recirculating type. These systems are more economical
to install than closed circulating systems and waste much less water and treatment
chemicals than once-through systems. However, because the water in these systems
is open to the air, this water becomes vulnerable to microorganism contamination. In
addition, to make up water loss from evaporation, leaks, and blowdown, these systems
require periodic addition of water. Blowdown is a process where operators drain off
some of the water in the system and add fresh water to reduce the concentration of
salts, minerals, and other dissolved materials that build up due to evaporation.
Pumps move warm water from heat exchangers, located in the heat-generating
area, to the cooling tower. In the tower, the water flows over and through a suitable
tower fill consisting of wooden slats or molded honeycombed sections. This cooling
tower fill provides a large surface area where the cascading water contacts counterflowing air, providing maximum evaporation and subsequent cooling. As the cooled
water reaches the tower basin, pumps recirculate it through the heat exchangers,
completing the cycle. Typically, the water cooling tower has a large fan to move air
across the cascading water in the tower fill. In some styles, a natural draft of air, rather
than a fan, cools the water.

PROBLEMS ASSOCIATED WITH WATER COOLING
TOWERS
In addition to harboring disease organisms, cooling systems are subject to several
problems caused by water quality or microbial growths. These include:
• scale deposits
• corrosion
• fouling
• wood deterioration

Such conditions reduce the efficiency of heat transfer, damage components made
of wood or steel, and restrict the flow of water through the system. Proper chemical
treatment, coupled with periodic blowdown to replace some of the water, reduces
these problems.
Scale Deposits. Scale deposits are the result of the precipitation of concentrated
minerals in the water. These minerals adhere to surfaces of the water cooling tower
and inner surfaces of associated plumbing. Higher water temperature increases scale
problems because minerals precipitate more quickly. Scale deposits interfere with
proper heat transfer and may prevent adequate water circulation. Scale deposits also
provide places that harbor bacteria and other microorganisms.
Corrosion. Corrosion of metal components occurs more readily in open
recirculating systems because of bacterial action and contact of the water with air. At
the water/air interface, water picks up oxygen, corrosive gases, and other airborne
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contaminants such as bacteria. These contaminants intensify the potential for
corrosion. Higher water temperatures and the presence of scale deposits also increase
the potential for corrosion. Corrosion weakens structural parts of the equipment,
causes leaks in plumbing and holding basins, and reduces the efficiency of pumps.
Fouling. Suspended particles of organic and inorganic matter may cause fouling.
These materials build up on the cooling tower fill surfaces and reduce the efficiency
of heat transfer.
Wood Decay. Dissolved chemicals and certain microorganisms contribute to the
decay of wooden components of a cooling tower system, which shortens the useful
life of the equipment and results in the need for expensive repairs.

Microbial Growth
The major microbial pests found in water cooling systems include algae, fungi,
and bacteria.

Algae
Algae produce their own food through a process known as photosynthesis.
Algae grow in open areas of the water cooling tower where sunlight, air, and water
are available. Growths of algae block screens and other openings that water passes
through. Algae can form long strands or free-floating masses. Increased nitrate or
phosphate concentrations in the water promote algal problems.

Fungi
Under the proper conditions, fungi will grow on wooden surfaces of water
cooling towers. They may appear as black, brown, or green spots above the water
line. These growths contribute to surface and internal decay of the wood on which
they are growing. Some fungi combine with bacteria to produce slimes or biofilms.
You can find slimes and biofilms inside pipes, on heat exchanger surfaces, and on
other unexposed surfaces as well as in the tower fill and sumps. Slime deposits range
in color from off-white to dark brown.

Bacteria
Water cooling tower systems provide ideal environments for the growth of
the bacteria Legionella pneumophila. This bacterium causes a pneumonia-like illness
(Legionnaire’s disease), which is fatal to some people. The organism occurs naturally
in most water sources. However, the bacterium appears only to infect people who
happen to inhale water vapor or mist from contaminated cooling tower water. Proper
water maintenance prevents this type of bacterial growth and infection.
Sulfate-reducing and iron oxidizing bacteria also occur in water cooling systems.
Sulfate-reducing bacteria grow in oxygen-free areas under slimes, biofilms, and scale
deposits, making them difficult to control. They produce foul smelling hydrogen
sulfide gas, which is highly corrosive to steel and other metal parts of cooling systems.
Iron oxidizing bacteria remove and oxidize soluble iron from the recirculating water.
This material is then deposited as ferric hydroxide or iron oxide in the form of slimelike filaments. These deposits can restrict water flow in pipes and tubes.

WATER TREATMENT
Chemicals must be added to the water in cooling systems to control microbial
activity and to reduce scale deposits, corrosion, and fouling. Proper maintenance of
water quality will protect the public, preserve efficiency of the system, and extend
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the useful life of the equipment. Effective water treatment requires monitoring water
quality and taking corrective action before undesirable conditions occur. It is much
more difficult and expensive to correct buildups of scale deposits, slimes, fungi, algae,
and bacteria than it is to prevent or retard their development. Facility managers must
consider all factors that endanger public health or interfere with the efficient operation
of a cooling system. They must plan control measures accordingly since one problem,
such as scale buildup, may promote another problem, such as bacteria buildup.
The maintenance of water quality and prevention of microorganism buildup
requires testing equipment that measures levels of antimicrobial compounds to assure
that adequate concentrations are present for effective control. One method of doing this
is by applying intermittent doses. This involves adding sizeable doses of chemicals to
the water periodically to bring the concentration of antimicrobial pesticide to a lethal
level and then maintaining this level for a prescribed period. Another method involves
adding lower levels of pesticides continuously to maintain a suitable concentration
at all times to suppress the microorganisms. In once-through systems, intermittent
doses are used to reduce the waste of antimicrobial chemicals.

Methods of Application
Antimicrobials are applied either by pouring measured doses into the cooling
water or by using automatic feeding equipment. Automatic feeding equipment
requires routine maintenance and proper calibration. No matter how the antimicrobial
pesticide is applied, periodically test the cooling water to verify the antimicrobial
concentration and to monitor levels of harmful organisms.

Hazards
The use of antimicrobial pesticides in water cooling systems has several
associated hazards. In concentrated form, antimicrobials may cause serious injury if
they are spilled on the skin or splashed into the eyes. Some are highly corrosive and
may damage equipment or surfaces if a spill takes place. Most of these chemicals
are harmful to wildlife and may cause environmental problems if an accidental or
improper discharge occurs.
Always read the label on the antimicrobial container to become familiar with
hazards to people and the environment. Wear all protective equipment required
by the label while handling, mixing, or applying the material and while servicing,
adjusting, or repairing automatic feeding equipment.
Keep pesticide containers in a locked area that is dry and well-ventilated. If
automatic feeding equipment is used, be sure this is also enclosed in a locked area.
Apply antimicrobials according to the dosage prescribed on the label. Avoid
over-application since high concentrations in the water system may injure people
and could damage the cooling equipment. Over-application is also in conflict with
label use directions and is therefore illegal.
Antimicrobial pesticides in the discharge water from a blowdown operation may
cause illegal contamination of the environment if the water flows into municipal drains,
streams, rivers, or enters the groundwater. Avoid environmental contamination by
discharging blowdown water into approved holding containers and/or transporting
it to an approved disposal site. Check with the local agricultural commissioner for
disposal information and requirements.
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REVIEW QUESTIONS

1.

Corrosion of the metal components of an open recirculating water cooling system
are the result of water contact with air and
A. Scale deposits
B. Algae
C. Bacteria
D. Minerals

2.

The buildup of organic and inorganic materials on surfaces of the water cooling
tower interferes with
A. Efficient pump operation
B. The ability to maintain a stable water level
C. Proper heat exchange
D. Microbial growth

3.

A slime consists of
A. A combination of certain minerals and algae
B. Algae combined with certain fungi
C. A combination of fungi, bacteria, and algae
D. Bacteria combined with certain algae

4.

To determine the proper dosage of antimicrobial pesticides in a water cooling
tower system, consult
A. The facility manager
B. Cooling tower manufacturer literature
C. The antimicrobial pesticide label
D. The service technician handbook

5.

To prevent environmental contamination or injury to people
A. Use properly calibrated testing equipment to monitor antimicrobial levels
in cooling tower water
B. Apply antimicrobial pesticides to cooling tower water at frequent intervals
C. Apply the maximum dose to cooling tower water as prescribed by the
pesticide label
D. Dose the cooling tower water immediately after blowdown and again
within 24 hours
Turn to Page 71 for Review Question Answers
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Disinfecting Potable
Water Lines

W

ater mains and plumbing that carry potable water must be free of bacterial contamination to protect the health of people using the water. Bacteria
capable of contaminating potable water can get into water mains and pipes
through several ways:
• during manufacture or storage of pipes used in the water system
• during construction of the water system
• during routine or emergency repairs of damaged pipes already in service
• from contaminated water or particulates entering the system from the water
source or other parts of the water system

PREVENTING CONTAMINATION
An effective way to reduce problems with bacteria in water systems is to prevent
contamination of the pipes during storage, construction, and repair.
Storing Pipes and Fittings. During storage or before being installed, largediameter pipes, such as those commonly used for water mains, make ideal habitat
and nesting sites for rodents and other animals. Nest materials, feces, and urine left
inside the pipes by these animals will support bacterial growth. Storing pipes properly before use and while awaiting installation at the construction site greatly reduces
these types of contamination problems. Avoiding prolonged on-site storage of pipes
and fittings during construction by scheduling the delivery of construction materials
to coincide closely with the installation time reduces chances of contamination.
You must clean and disinfect the pipes before installation. Cleaning involves
removing all dirt and particulates on the inside surfaces of the pipes. Once thoroughly
cleaned, swab interior surfaces with a chlorine solution to kill any bacteria that could
be growing there.
Installing Water Lines. Follow the American Waterworks Association (AWWA)
and state and local guidelines when installing water mains and plumbing. This requires keeping pipes, fittings, valves, and other components of the system clean and
dry during installation. If you install pipes underground, suspend or elevate them during the coupling process to prevent contact with soil or water in the trench. Use only
approved sealing methods and materials when constructing the system to prevent
the introduction of toxic materials or bacteria. Seal all pipe openings with watertight
plugs when work on the installation stops for the day or for any significant period.
Flush particulates such as dirt, leaves, and other debris out of the system before putting it into use. This eliminates the possibility for these materials to support
bacterial growth.
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When it is impossible to keep the trench or water main pipe dry during installation, treat the pipe and any water in the trench with a chlorine material to destroy
bacteria. Thoroughly flush the system upon completion of the installation.
Repairing Damaged Water Lines. Damaged water mains have a high potential
for becoming contaminated. For instance, if digging or excavating in the area caused
the damage, there also may be ruptured sewer lines, allowing untreated sewage to
enter the trench during repairs. Under these conditions, treat water in the trench with
a chlorine solution to destroy bacteria before beginning repair work. Hypochlorite
tablets work best because they dissolve slowly and continue to release hypochlorite
while pumping water from the excavation. After completing the repairs, flush the
system to remove contaminants and particulate matter. Always perform a biological
test for bacterial contamination before using water from the repaired system.

METHODS FOR DISINFECTING WATER LINES
Chlorine compounds are the acceptable pesticides used for disinfecting potable
water systems. The three methods used for applying chlorine compounds include
tablet or granule, continuous feed, and slug.

Tablet or Granule Method
The tablet or granule method requires that you keep the pipes dry until you
complete the water main construction. The AWWA warns against using calcium
hypochlorite granules on solvent-welded plastic pipe or screw-joint steel pipes because of the danger of fire or explosion from the reaction of joint compounds with
the calcium hypochlorite.
Following the AWWA standards, state and local codes, and the pesticide label,
place the tablets or granules into pipe sections as you connect them. Once you have
completed the water main, slowly fill it with water and eliminate any air pockets. Follow label or AWWA standards for the rate of filling. Label instructions will help you
determine how long the solution must remain in the system before flushing. Cooler
water temperatures usually require a longer holding time. Until properly flushed,
do not allow anyone to use any water in the pipes and be sure this water cannot flow
into other parts of the system.
Calcium Hypochlorite Granules. During construction, place granules at the
upstream end of the first section of pipe, at the upstream end of each branch main,
and at 500-foot intervals along the entire mainline system. Refer to the pesticide label
for the quantity of granules to use. The diameter of the pipe and length of the water
main determine the total amount to use.
Calcium Hypochlorite Tablets. During construction, place the prescribed
number of tablets in each section of pipe and in each hydrant, hydrant branch, and in
other branches of the mainline. Refer to the pesticide label for the number of tablets to
use, based on the diameter of the pipe. Secure tablets to the pipe using an approved
adhesive. Glue these to the top inside surface of each pipe; refer to the pesticide label
and AWWA standards for the method of adhering tablets to the pipe and for the
recommended type of adhesive to use.

Continuous Feed Chlorination
The process of continuous feed chlorination involves adding a liquid chlorine
solution to water in the main over time to achieve prescribed concentration. This
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procedure sometimes follows the calcium hypochlorite method described above. Fill
the main with water and then flush it to remove particulates. Apply a liquid chlorine
solution while water is flowing through the system. Water flow during this process
must be carefully regulated according to AWWA, state, or local standards.
Liquid chlorine solutions can be made by dissolving sodium hypochlorite or
calcium hypochlorite in water; check the pesticide label for amounts to use. In addition, you can inject pure liquid chlorine from a pressurized cylinder into the flowing
water. However, you must use special injection equipment to prevent water from
back flowing into the liquid chlorine cylinder. Water intrusion could cause severe
cylinder corrosion and the escape of chlorine gas. This happens if the pressure in the
water main exceeds the gas pressure in the chlorine cylinder. Therefore, injection
equipment for compressed chlorine gas must consist of a vacuum device that pulls
gas from the cylinder and mixes it with water in a separate container. The device then
injects this mixture into the water main using a booster pump.
Chemical-feed pumps are also used to inject hypochlorite solutions into water
mains. These pumps are powered by either gasoline engines or electric motors.
Continue injecting until monitoring indicates the system has the prescribed
concentration of chlorine. At this point, stop the water and hold the solution in the
water main for a period, usually 24 hours. State or local regulations usually specify
the concentration and the amount of holding time. If regulations do not specify these
criteria, follow AWWA specifications.

Slug Method
The slug method of chlorination involves:
• placing calcium hypochlorite granules into the main during construction
• completely filling the main to eliminate air pockets
• flushing the main to remove particulates
• allowing a slug of water dosed with chlorine of a specific concentration to
slowly flow through the main

All parts of the main must be exposed to the required concentration of chlorine
solution for a minimum period based on AWWA and state and local standards. Prepare the slug by dissolving sodium hypochlorite or calcium hypochlorite in water
to a prescribed concentration. Inject sufficient quantity of this solution, based on the
volume of the water system, into the main to develop a solid column of chlorinated
water that will then pass slowly through the system. You need to periodically monitor the concentration of chlorine in the slug to assure that adequate disinfection takes
place. If the concentration drops below the required level, stop the water flow and
add additional chlorine solution.
As chlorinated water flows past fittings and valves, operate these devices to
allow the solution to disinfect them and flow into pipe branches.

Monitoring Chlorine Concentration
Simple test kits and electronic devices are available to monitor the chlorine ion
level in solutions injected into a water main as well as the concentration of chlorine
ion in the water flowing through the main. Use these testing methods to determine
if the concentration must be adjusted to keep it within the prescribed ranges needed
for safe and effective disinfecting. Also, perform tests after final flushing to determine
if there are any unsafe levels of chlorine in the system that would require additional
flushing.
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Final Flushing
After the applicable retention period, heavily chlorinated water should not
remain in prolonged contact with pipes. To prevent damage to the pipe lining or corrosion damage to the pipe itself, you must flush the heavily chlorinated water from
the main until the chlorine concentration in the water leaving the main is no higher
than that generally prevailing in the system or is acceptable for domestic use. Be sure
to read the “Hazards” section below for special precautions needed for disposing of
high-chlorine residue water.

BACTERIOLOGICAL TESTING
A very important step in disinfecting water mains is bacteriological testing to
detect contamination and to verify adequate disinfecting procedures. After final
flushing and before the water main is placed into service, collect one or more samples
from the new or repaired main and from each branch in the water line. In extremely
long mains, collect samples every 200 feet along the length of the line as well as at its
end. Place sampled water into sterile bottles treated with sodium hyposulfite using
methods prescribed by state or local standards. According to these standards, have
the water samples tested for bacteriological quality by a certified laboratory. The
samples must be free of coliform organisms.
If trench water has entered the main during construction or repair, allow water
to sit in the treated main for at least 16 hours after final flushing before taking samples.
Under these conditions, take samples at intervals of approximately 200 feet along the
length of the main. Label the samples by their location.
When bacteriological testing indicates the presence of coliform organisms, the
system must be retreated by one of the methods described above. A water main system
cannot be used until bacteriological testing shows it is safe. However, before retreating, test the water entering the system to be sure it is not the source of contamination.

AVOIDING HAZARDS AND POTENTIAL PROBLEMS
Using chlorine compounds for disinfecting water mains has several associated
hazards and potential problems that you must recognize.

Chlorine Compounds
Chlorine compounds may cause serious skin and eye injuries and may damage your respiratory tract if you inhale chlorine vapors. Wear protective clothing to
prevent skin contact with chlorine solutions or gas. The type of protective clothing
required is dictated by the pesticide label and the conditions of use. For example, when
working in a trench that contains water treated with chlorine, wear waterproof boots,
chemical-resistant gloves, and chemical-resistant outer clothing; also wear protective
goggles. In addition, be sure to wear protective eyewear and chemical-resistant gloves
when taking samples of water from the system.
Keep chlorine pesticides stored in dry locations. Make sure storage areas are
locked to prevent unauthorized entry.
Follow label instructions and state and local regulations for disposal of empty
containers and unused pesticide residue.
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Damage to Pipes
Excessively strong chlorine solutions may corrode or otherwise damage pipes
and fittings if the retention time is too long. Follow the pesticide label directions and
AWWA and state and local standards for disinfecting water mains to be certain that
you use proper concentrations and that you observe specified retention times and
proper flushing.

Protecting People
The water in a main being treated can be hazardous because it contains bacterial organisms or because it contains high levels of chlorine. Prevent people from
using water from this source until you have disinfected and flushed it properly and
bacteriological testing assures that it is safe.

Improper Testing
Improper testing of the chlorine concentration of water in a main can result in
inadequate disinfection. It may also fail to reveal unsafe levels of chlorine in the water
after final flushing. To avoid these problems:
• Be sure testing equipment is suitable for the concentration ranges being
measured.
• Use only fresh chemical reagents or properly calibrated electronic devices.
• Repeat the tests frequently to spot errors.

Make sure that a certified laboratory performs bacteriological testing and that
the laboratory provides assurance that harmful microorganisms are not present. Use
only approved sampling procedures to avoid errors in testing. Resample the water
if you have any doubts about its quality.

Disposing of Water Flushed From the System
Disinfected water flushed from a main may contain high levels of chlorine that
could be harmful to the environment, people, and sewage treatment operations.
Contact the local county agricultural commissioner to determine if you need to make
special provisions for the disposal of heavily chlorinated water. In some cases, you
may need to treat the water with a reducing agent to neutralize the chlorine residual
before it enters the sewage system.
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REVIEW QUESTIONS

1.

During construction of a water main system, one way to reduce contamination
of the pipes is to
A. Place them at the bottom of the trench while connecting joints
B. Avoid storing pipes at the construction site for long periods
C. Maintain good air circulation by keepinj pipes open when work stops for
the day
D. Wait until the pipeline is nearly completed before swabbing interior surfaces

2.

When taking samples for biological testing, collect water at the end of the pipeline and every _____ feet along the line.
A. 50
B. 100
C. 200
D. 300

3.

After treating a mainline that was contaminated with trench water during construction or repair, how much time must pass after flushing before you take
samples for biological testing?
A. 8 Hours
B. 16 Hours
C. 24 Hours
D. 48 Hours

4.

Which of the following steps might fail to reveal unsafe levels of chlorine in a
pipeline?
A. Using testing equipment suitable only for the concentration ranges being
measured
B. Repeating test more frequently than recommended
C. Calibrating testing equipment more frequently than recommended
D. Using the same batch of chemical reagents until it is depleted to assure consistency for all testing

5.

For information and techniques to use for sanitizing potable water pipes, consult
the
A. Pesticide label
B. Department of Pesticide Regulation
C. American Water Works Association and state and local guidelines
D. County agricultural commissioner’s office

Turn to Page 71 for Review Question Answers
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EXEMPTIONS FOR ANTIMICROBIAL AGENTS
In Title 3, California Code of Regulations (3 CCR) the Department of Pesticide Regulation allows employers exemptions to certain regulatory requirements concerning
the use of antimicrobial agents, as long as employers follow certain corresponding
Department of Industrial Relations regulatory requirements in Title 8, California Code
of Regulations (8 CCR). Those exemptions take effect when antimicrobial agents are
used only as sanitizers, disinfectants, and pool and spa chemicals. For more clarification, contact your local county agricultural commissioner or DPR. The table below
lists the sections in 3 CCR and the corresponding sections in 8 CCR.
Title 3, CCR

(California Department of Pesticide Regulation)
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Title 8, CCR
(California Department of Industrial Relations)

6700 – Scope

3200 and 3202

6702 – Employer-Employee
Responsibilities

3200 and 3203

6720 – Safety of Employed Persons

As indicated in this Subsection

6723 – Hazard Communication for
Pesticide Handlers

3203, 3204, and 5194

6724 – Handler Training

3203 and 5194

6726 – Emergency Medical Care

3400

6732 – Change Area

3367

6734 – Handler Decontamination
Facilities

3363 and 3366

6736 – Coveralls

3383

6738 – Personal Protective
Equipment

3380 through 3385

6739 – Respiratory Protection

5144

6740 – Adequate Light

3317

6742 – Safe Equipment

5141

6744 – Equipment Maintenance

3203 and 5194

APPENDIX 2.

PERFORMANCE OBJECTIVES AND KNOWLEDGE
EXPECTATIONS FOR APPLYING ANTIMICROBIAL
PESTICIDES
The following are the minimum competency standards expected of anyone preparing
to take the DPR certification examination in the Microbial Pest Control category.

I. GENERAL
1. Understand the procedures for selecting the most appropriate pesticides for the application target or use setting, specific pest problems, and environmental conditions.
2. Know how to ensure that all human health and safety hazards are considered before
selecting a pesticide, determining the application method or technique, and making a
pesticide application.
3. Recognize potential or actual hazards at the application site that could endanger people
or the environment during a pesticide application.
4. Know how to prevent humans, pets, and domestic animals from contacting pesticides
within the treated area.
5. Recognize the ways pesticides can damage treated surfaces that might not be part of
the pest problem or application target.
6. Understand how to prevent pesticides from drifting, or otherwise moving off-site, into
non-target areas.
7. Know when and who to contact for questions relating to use, application rates, and
other issues.
8. Identify and make available emergency contact information in the event you or others
need medical assistance and other types of help for human exposure and spills.
9. When required, know how to provide oral notification and post warning signs for
duration of re-entry restrictions after a pesticide application.
10. Understand how to follow all applicable pesticide use laws and regulations and restricted material permit conditions, including and not limited to, pesticide use restrictions and prohibitions, work safety requirements, and container transportation, storage,
and disposal regulations.

II. PESTICIDES
1. Understand the concept that a material is legally considered a pesticide when it is
intended to be or is used to prevent or control pests and that it must have a U.S. EPA
Registration Number when used for that purpose.
2. Be familiar with the different types of pesticide formulations.
3. Know how to choose the pesticide formulation type that will be most effective in a
specific situation.
4. Recognize factors that influence the efficacy of a pesticide.
5. Know the four toxicity classifications and their respective signal words, i.e. DANGER/
POISON (I), DANGER (I), WARNING (II), and CAUTION (III or IV), and understand
the significance of each classification in relation to handler and environmental hazards
and risks.
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6. Recognize the importance of different toxicities of pesticides.

III.PESTICIDE LAWS AND REGULATIONS
A. Training
1. Understand the requirements of legally-required training for non-certified pesticide
handlers, including applicators, mixer/loaders, and other handlers, including components of a written training program, training records, training topics, and initial and
re-training.
2. Understand handler training exemptions and requirements for documenting training.
3. Know that initial training and annual training is required.
4. Understand that initial training can be waived with written proof of prior training from
a previous employer.
5. Understand and follow the pesticide handler hazard communication requirements.

B. Record Keeping
1. Understand and follow the requirements for keeping records of all applications.
2. Understand the requirement for making operation records accessible to regulatory
officials.

C. Pesticide Use Reporting
1. Know requirements and procedure for obtaining an Operator Identification Number
prior to purchasing pesticides.
2. Know the requirements and procedures for obtaining a site identification number prior
to reporting use.
3. Know and follow the requirements for monthly pesticide use reporting.

D. Supervision of Non-certified Personnel
1. Know the requirements and standards for supervising non-certified pesticide handlers.
2. Know when and how to provide guidance for applications and other pesticide handling
activities conducted by a noncertified applicator.
3. Know that uncertified handlers must understand application and other handling procedures and applicable laws, regulations, and restricted material permit conditions.

E. Labeling and Associated Documents
1. Know the meanings of and difference between “pesticide label” and “pesticide labeling”.
2. Know that a registered label and other labeling allowing a use must be present at the
use site.
3. Recognize that pesticide labels are legal documents and that it is illegal to use pesticides
in any manner that is not consistent with the labeling.
4. Understand that the intended use and the application site or commodity are listed on
the pesticide product label.
5. Know how to identify, interpret, and follow all appropriate sections of pesticide labels
to assure that pesticides are handled and applied safely and legally.
6. Recognize and follow stated use restrictions and procedures when applying a pesticide.
7. Understand what a Material Safety Data Sheet (MSDS) is, how to use the information
from it, and where to obtain copies.
8. Understand the requirement to provide copies of Material Safety Data Sheets to interested parties upon request.
9. Know where to find on the label the specific hazards associated with handling the
pesticides being used, including human and environmental hazards.
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10. Understand label requirements for personal protective equipment (PPE) for each pesticide handled, plus when regulations or restricted material permit conditions supersede
personal protective equipment requirements in the label.
11. Know how to determine, from label information, the required pesticide application
equipment, method or technique, application rate, and application procedures.
12. Know the correct application settings for fumigation equipment, gas release duration,
and how to calculate the correct volume of areas being fumigated.
13. Know the requirements for ventilation/aeration after fumigant application, plus know
that the ventilation/aeration process is considered to be part of the application and
that the application is not complete until the ventilation/aeration is complete.

F. Hazards Associated with Pesticide Use
1. Understand how pesticides enter the body and know which body areas are more
conducive to allowing entry.
2. Understand the potential health effects of exposure to specific pesticides.
3. Recognize the importance of following proper handling procedures and personal
hygiene after handling pesticides.
4. Know how to prevent, recognize, and treat heat-related illness.
5. Understand the potential harmful effects of unintended pesticide releases.
6. Be familiar with and follow the emergency response plan, including identifying and
understanding how to use components of emergency response equipment and supplies.
7. Know the importance of clearing an area where a pesticide spill occurred of people
and animals and how to prevent unauthorized entry to that area during cleanup.
8. Know how to contain and properly clean up a small pesticide spill or arrange for
emergency personnel to clean up a large spill.
9. Follow the legal and proper methods and procedures for preventing further spills and
leaks, containing the spill or leak, and disposing of pesticide and contaminated cleanup materials from a pesticide spill.

IV. HANDLING PESTICIDES
A. Safety Precautions
1. Know how to provide adequate ventilation/aeration following a fumigation.
2. Know how to follow legal and proper procedures for cleaning application equipment
and storing or disposing of empty containers and disposing of leftover materials.

B. Personal Protective Equipment
1. Identify the minimum personal protective equipment required by the label and know
when regulations or restricted material permit conditions supersede the label.
2. Know how to determine exposure potentials and recognize types of pesticide hazards.
3. Understand the medical health assessment requirements for authorized respirator use.
4. Understand how to select, fit-test, and wear appropriate respiratory devices when
required.
5. Know how to clean, maintain, and store personal protective equipment and inspect
this equipment for signs of wear and failure.
6. Know when worn or compromised PPE must be replaced and how to dispose of used
or worn personal protective equipment.
7. Recognize that safety glasses and chemical protective gloves are a minimal requirement
by regulation for most pesticides, if the pesticide label is not more restrictive.
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C. Application Procedures
1. Understand the importance of reading and following the entire label requirements and
any relevant regulations or restricted material permit conditions prior to the application.
2. Recognize and follow standard operating procedures.
3. Know how to safely operate mixing, loading, and application equipment.
4. Understand the importance of locating mixing facilities a safe distance from groundwater or surface water sources.
5. Know how to safely open containers, accurately measure pesticides, safely transfer
pesticides to application equipment, and follow procedures for rinsing containers and
measuring devices.
6. Know how to properly calibrate application equipment prior to use.
7. Recognize potential application risks and problems associated with equipment failure
or failure to follow label and other instructions.
8. Understand which critical application equipment components could contribute to a
potential failure and how they are to be maintained.
9. Know and use proper and legal procedures for handling emptied containers.
10. Understand that pesticide containers must be under visual control or in a locked area
during application, after mixing and loading, or when not in use.
11. Understand any posting requirements for pesticide storage areas.
12. Understand that containers used to hold pesticides other than the original labeled container (known as service containers) have to be marked with the name of the material,
the signal word, and the name and address of the owner or operator.
13. Know the allowable treatment concentrations and exposure time for sterilizing wine
barrels.
14. Recognize the unique hazards and handling procedures specific to SO2 gas including
hazards associated with pressurized cylinders, pressure regulator, dosing pressure
and quantity, and potential for “freeze burns”.
15. Understand proper handling, storage, and security requirements for SO2 cylinders.
16. Recognize the difference between SO2 used as a food additive or preservative, and SO2
used as a pesticide (fumigant) in wineries or other food processing settings.
17. Recognize that, prior to an SO2 application, treated surfaces should be cleaned and
washed with water to remove residues and solids from previous wine making to ensure
maximum sterilization effect of the SO2 gas.
18. Assure that prior to a SO2 application, barrels and wooden tanks are checked for integrity (e.g., holes, cracks, and dried out wood) to make sure that the SO2 gas is only
applied to a vessel that can contain it.
19. Assure that the SO2 treated barrel is tagged with the application date, time and quantity
of material applied.

D. Transporting and Storing Pesticides
1. Know the requirements for maintaining a suitable and secure storage area and understand posting requirements for areas used to store containers with pesticides and
containers that have been “triple rinsed” prior to disposal.
2. Know the importance of maintaining pesticide containers in a safe and usable condition.
3. Understand the proper and legal way to transport pesticide containers, as per the
regulations and any label instructions.

76

APPENDIX 2

V. EMERGENCY OR INCIDENT RESPONSE
1. Identify harmful effects of unintended pesticide releases.
2. Understand and follow your company’s emergency response plan, including identifying and understanding how to use components of emergency response equipment.
3. Know what to do in case of an accidental release, including procedures for cleaning
up the contaminated area.
4. Know how to perform decontamination procedures in case of pesticide contact with
skin or eyes and who to contact and where to go for medical treatment.
5. Understand how to legally dispose of contaminated materials from a pesticide spill.
6. Understand how to follow the regulatory requirements for reporting an accidental
release.
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EMPLOYEE HANDLER TRAINING REQUIREMENTS
According to California regulations, a pesticide handler is any employee who:
• mixes, loads, transfers, applies (including chemigation), or flags during aerial applications
• maintains, services, repairs, cleans, or handles equipment that may contain residues or
that has been used in pesticide mixing or application activities
• works with opened pesticide containers, including emptied but not rinsed containers
• adjusts, repairs, or removes treatment site coverings, such as tarpaulins covering fumigated soil or agricultural commodities
• incorporates pesticides into the soil through mechanical means or chemigation, though
an irrigation system
• enters a treated area during any application, or before the inhalation exposure level
listed on pesticide product labeling has been reached or greenhouse ventilation criteria
have been met
• performs the duties of a crop advisor, including field checking or scouting, making
observations of the well being of the plants, or taking samples during an application or
any restricted entry interval listed on pesticide product labeling

California regulation require all employers to have written training programs for
pesticide handlers working in their operations. One part of this written program
shall describe the materials used and information provided to the employees during
training. Employers are responsible for either providing the training or arranging for
someone else to provide it, and the records shall identify the person or firm actually
conducting the training.
Employers shall maintain a current copy of the training program while it is in use
and for two years afterwards. All employers shall assure that their employee handlers are trained annually for each chemically-similar family of pesticides or for each
specific pesticide that they will handle. When pesticides are used for the commercial
or research production of an agricultural commodity, trainers shall possess certain
qualifications described below.

Trainer Qualifications
One or more of the following qualifications are needed by any person conducting
the training for employees who will be handling pesticides for the commercial or
research production of an agricultural commodity:
• California certified commercial applicator (QAC or QAL)
• California certified private applicator
• County Biologist licensed in Pesticide Regulation or Investigation and Environmental Monitoring issued by the Department of Food and Agriculture
• Farm Advisor employed by the University of California Cooperative Extension Service
• completed a DPR-approved instructor training program
• California licensed agricultural Pest Control Adviser
• California Registered Professional Forester
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The Training Program
The training program shall address each of the following topics as they apply to the
pesticides that employees handle. Employees will be trained to:
• understand the format and meaning of information, such as precautionary statements
about human health hazards, contained in the labeling of the pesticide products being
handled
• understand the hazards of the pesticides being handled, including acute and chronic
effects, delayed effects, and sensitization, as identified in pesticide product labeling,
Material Safety Data Sheets, or Pesticide Safety Information Series leaflets
• know the routes by which pesticides can enter the body
• recognize the signs and symptoms of overexposure
• know specific emergency first aid for overexposure to the pesticides being handled
• know how to obtain emergency medical care
• know routine and emergency decontamination procedures, including spill cleanup and
the need to thoroughly shower with soap and warm water after the exposure period
• understand the need for limitations, appropriate use, and cleaning of any required PPE
• knowing the prevention, recognition, and first aid for heat-related illness
• understand safety requirements and procedures, including engineering controls (such
as closed mixing systems and enclosed cabs) for handling, transporting, storing, and
disposing of the pesticides being handled
• recognize environmental concerns such as drift, runoff, and wildlife hazards
• heed warnings about taking pesticides or pesticide containers home
• know the requirements relating to pesticide safety, Material Safety Data Sheets, and
Pesticide Safety Information Series leaflets
• understand the purposes and requirements for medical supervision if organophosphate
or carbamate pesticides with the signal word “DANGER/POISON”, “DANGER”, or
“WARNING” on the labeling are mixed, loaded, or applied
• know the location of the written hazard communication information for employees handling pesticides (Pesticide Safety Information Series leaflet N-8), other Pesticide Safety
Information Series leaflets, and Material Safety Data Sheets
• know the employee's rights, including the right to:

• personally receive information about pesticides to which he or she may be exposed
• have his or her physician or employee representative to receive information about
pesticides to which he or she may be exposed.
• be protected against retaliatory action due to the exercise of any of his or her rights

Other Important Topics
The following topics should also be covered, if appropriate, during training. These
are general pesticide handling procedures that apply to any pesticide product being
handled. The employee needs to:
• understand the importance of wearing clean work clothing daily
• know how to handle, open, and lift containers
• know how to properly pour pesticides out of containers
• know how to operate mixing and application equipment
• know procedures for triple rinsing containers
• know how to dispose of empty containers
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• know how to confine spray to the target area
• know how to avoid contamination of people, animals, waterways, and sensitive areas
• know how and where to store containers
• understand procedures to follow when containers cannot be locked up
• understand the importance of washing hands thoroughly before eating, smoking, drinking, or using the restroom

Frequency of Training
Pesticide handlers shall be trained yearly. Training does not have to correspond to the
calendar year, but can take place at any time. Pesticide handlers shall receive additional
training on new pesticide products before they begin handling activities with them.
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APPENDIX 4.

MINIMUM REQUIRED PERSONAL PROTECTIVE
EQUIPMENT
Employers must provide appropriate protective eyewear and gloves to pesticide
employee handlers and make sure that employees use them properly. California
regulation requirements for PPE may be more restrictive than pesticide label requirements, so it is important to understand the California requirements.

Eyewear
California regulations require that protective eyewear be worn:
• when required by the pesticide product labeling
• during all mixing or loading activities
• while adjusting, cleaning, or repairing mixing, loading application equipment that contains pesticide material in hoppers, tanks, or lines
• when making applications by hand or using hand-held equipment, except when:

• applying vertebrate pest control baits that are placed without being propelled from
application equipment

• applying solid fumigants (including aluminum phosphide, magnesium phosphide,
and smoke cartridges) to vertebrate burrows
• baiting insect monitoring traps
• applying non-insecticidal lures
• while making ground application using vehicle mounted or towed equipment, except
when:

• injecting or incorporating pesticides into soil
• spray nozzles are located below the employee and the nozzles are directed
downward
• working in an enclosed cab
• while flagging, except when the flagger is in an enclosed cab

Whenever protective eyewear is required, one of the following types of must be worn:
• safety glasses that provide front, and supplemental brow and temple protection (common eyeglasses, including sunglasses, do not meet this requirement)
• goggles
• face shield
• full face mask used in conjunction with respiratory protection

Gloves
California regulations require employers to assure that chemical resistant gloves are
worn by pesticide handler employees when required by the pesticide product labeling (unless the pesticide product labeling specifies that gloves must not be worn),
when employees are engaged in:
• mixing or loading
• adjusting, cleaning or repairing contaminated mixing, loading, or application equipment
• application by hand or using hand-held equipment, except when applying vertebrate
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pest control baits using long handled implements that avoid actual hand contact with
the bait or potentially contaminated areas of equipment.

If the type of glove is not specified on product labeling for the pesticide being handled,
gloves made of rubber, neoprene, or other chemical resistant material that provides
equivalent or better protection must be used. Gloves or glove linings of leather, cotton,
or other absorbent materials shall not be worn by pesticide handlers unless expressly
permitted by pesticide product labeling. If chemical resistant gloves with sufficient
durability and suppleness are not available, leather gloves may be worn over chemical resistant glove liners. Once leather gloves have been used for this purpose, they
must not be worn in any other situation.

Footwear
The employer shall assure that when chemical resistant footwear is specified by the
pesticide product labeling, one of the following types of footwear is worn by pesticide
handlers:
• chemical resistant shoes
• chemical resistant boots
• chemical resistant coverings worn over boots or shoes

Headwear
An employer must assure that when chemical resistant headgear is specified by the
pesticide product labeling, either a chemical resistant hood or a chemical resistant
hat with a wide brim is worn.

Chemical Resistant Apron
Employers must assure that when a chemical resistant apron is specified by the pesticide product labeling, a garment that covers the front of the body from mid-chest
to the knees is worn.

Bodywear
When pesticide product labeling or regulations specify a chemical resistant suit, waterproof or impervious pants and coat or a rain suit, employers must provide handlers
with chemical resistant suits that cover the torso, head, arms, and legs.
Except for exceptions listed below, when the pesticide label requires chemical resistant
bodywear, employees cannot handle the material if the outdoor ambient temperature
exceeds 80oF during daylight hours or 85oF during nighttime hours. If outdoor ambient temperatures exceed these maximums, employees can only perform handling
activities if employees are:
• using cooled chemical resistant suits (mixers, loaders, other handlers, and applicators)
• working in an enclosed cab or cockpit (applicators)
• using a closed mixing system (mixers and loaders)
• handling pesticides packaged in water-soluble packets and the packets are not opened
(mixers and loaders)
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active ingredient (a.i.). the material in the
pesticide formulation that actually
destroys the target pest or performs
the desired function.
acute effect. an illness that becomes apparent soon after an exposure to a
pesticide occurs.
acute onset. pertaining to symptoms of
pesticide-related injury that appear
soon after the exposure incident.
agricultural commissioner. the official
in each county in California who has
the responsibility for enforcing the
state and federal pesticide regulations
and issuing permits for restricted-use
pesticides. County agricultural commissioners and their staff frequently
inspect pesticide applications and application sites. All agricultural uses of
pesticides and some non-agricultural
uses must be reported monthly to
county agricultural commissioners.
agricultural use. the use of any pesticide,
method or device to control plant,
animal, or any other pests, or to regulate plant growth or defoliate plants.
It excludes pesticides labeled for:
(a) Home use.
(b) Structural pest control.
(c) Industrial or institutional use.
(d) Animal pest control with written
veterinarian prescription.
(e) Public agencies conducting pest
control for State Department of
Health Services.
algae. aquatic, nonvascular plants (singular: alga).
attached-erect algae. a form of algae that
grows attached to surfaces, such as
water cooling tower reservoirs, and
grow more or less straight up from
the bottom and may resemble land
plants.
autoclaving. a process that uses high
pressure saturated steam for several
minutes to sterilize objects.
bacterium. a unicellular microscopic
plant like organism that lives in soil,
water, organic matter, or the bodies
of plants and animals. Some bacteria

cause plant or animal diseases (plural:
bacteria).
biofilm. a particular type of slime. Slime
and biofilm organisms grow onto or
penetrate surfaces and produce adhesive substances that make removal
difficult.
blowdown. a process where cooling
tower operators drain off some of the
water in the system and add fresh
water to reduce the concentration of
salts and other dissolved materials
that build up due to evaporation.
brand name. the registered or trade name
given to a pesticide by its manufacturer or formulator. A specific pesticide may be sold under several brand
names.
California Department of Pesticide
Regulation (DPR). the state agency
responsible for regulating the use of
pesticides in California.
cardiopulmonary resuscitation (CPR). a
procedure designed to restore normal
breathing after breathing and heartbeat have stopped.
caution. the signal word used on labels of
the least toxic pesticides; these pesticides have an oral LD50 greater than
500 mg/kg and a dermal LD50 greater
than 2,000 mg/kg.
certified pesticide applicator. a person
who has demonstrated, through an
examination process, the ability to
safely handle and apply highly hazardous restricted-use pesticides.
chemical name. the scientific name given
to a chemical compound to distinguish it from other chemical compounds.
chlorophyll. a green pigment found
in almost all plants and algae that
absorbs sunlight and uses its energy
to synthesise carbohydrates from CO2
and water. This process is known as
photosynthesis.
chronic. pertaining to long duration or
frequent recurrence.
chronic illness. an illness that will last
for long periods. Cancer, respiratory
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disorders, and neurological disorders
are examples of chronic illnesses that
have been associated with exposures
to some types of pesticides.
Class 1 disposal site. a disposal site for
toxic and hazardous materials such as
pesticides and pesticide-contaminated wastes.
coccidioidomycosis. an infection caused
by inhaling the spores of the fungus
Coccidioides immitis. The infection is
also known as Valley Fever. This fungus is often found in desert regions.
cooling tower fill. the structures inside a
cooling tower that provide surfaces
for flowing water to pass over to
release heat.
coverall. a one or two-piece garment of
closely woven fabric that covers the
entire body except the head, hands,
and feet, and must be provided by
the employer as personal protective
equipment. Coveralls differ from, and
should not be confused with, work
clothing that can be required to be
provided by the employee.
danger. the signal word used on labels of
highly hazardous pesticides—those
pesticides with an oral LD50 less than
50 mg/kg or a dermal LD50 less than
200 mg/kg or those having specific,
serious health or environmental
hazards.
dermal. pertaining to the skin. One of the
major ways pesticides can enter the
body to possibly cause poisoning.
dermatitis. inflammation, itching, or irritation of the skin caused by pesticide
exposure or other irritants.
disease. a condition, caused by biotic or
abiotic factors, that impairs some or
all of the normal functions of a living
organism.
dose. the measured quantity of a pesticide. Often the size of the dose determines the degree of effectiveness, or,
in the case of poisoning of nontarget
organisms, the degree of injury.
drift. the movement of pesticide dust,
spray, or vapor through the air away
from the application site.
eduction tube. in gas cylinders, a tube
that extends to the bottom of the cyl84
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inder, enabling liquid instead of gas
to be drawn out.
Environmental Protection Agency (EPA).
the federal agency responsible for
registering pesticides and regulating
pesticide use in the United States.
eradication. the pest management
strategy that attempts to eliminate
all members of a pest species from a
defined area.
exclusion. a pest management technique
that uses physical or chemical barriers
to prevent certain pests from getting
into a defined area.
exposure. the unwanted contact with
pesticides or pesticide residues by
people, other organisms, or the environment.
federally restricted. a classification
of pesticides by the U.S. EPA that
restricts the use of these materials to
certified pesticide applicators.
filamentous. long and threadlike.
filamentous algae. a species of algae that
quickly reproduces and clings to any
surface, identified by its characteristic
hair-like or threadlike mats.
fill. see cooling tower fill.
first aid. the immediate assistance provided to someone who has received an
exposure to a pesticide. First aid for
pesticide exposure usually involves
removal of contaminated clothing
and washing the affected area of the
body to remove as much of the pesticide material as possible. First aid is
not a substitute for competent medical treatment.
fission. the process by which a bacterial
cell reproduces by splitting into two
identical cells.
formulation. a mixture of active ingredient combined during manufacture
with inert materials. Inert materials
are added to improve the mixing and
handling qualities of a pesticide.
fruiting bodies. special structures produced by fungi that contain the
spores by which the organisms reproduce.
fumigant. vapor or gas form of a pesticide used to penetrate porous surfaces to control pests in containers

(such as wine barrels), enclosed areas,
storage facilities, and soil.
fumigation. the process of controlling
certain pests by exposing them to
an atmosphere of toxic gas inside an
enclosed area or under tarps.
fungus. a multicellular lower plant
lacking chlorophyll, such as a mold,
mildew, rust, or smut. The fungus
body normally consists of filamentous
strands called the mycelium and reproduces through dispersal of spores
(plural: fungi).
half-life. the time that must elapse for a
pesticide to lose half of its original
toxicity or effectiveness.
handler. a person who mixes, loads,
transfers, applies, or assists with
the application of pesticides; who
maintains, services, repairs, cleans,
or handles equipment used in these
activities; who works with unsealed
pesticide containers; or who adjusts,
repairs, or removes treatment site
coverings; who incorporates pesticides into the soil.
hazard. the amount of danger to people
or the environment posed by a pesticide or other toxic material.
hazardous materials. materials, including
many pesticides, that have been classified by regulatory agencies as being
harmful to the environment or to
people. Hazardous materials require
special handling and must be stored
and transported in accordance with
regulatory mandates.
hazardous waste. a hazardous material
for which there is no further use.
Remains from pesticide spill cleanup
are often hazardous wastes. Hazardous wastes can be disposed of only
through special hazardous material
incineration or by transporting to a
Class 1 disposal site.
heat stress. potentially life-threatening
overheating of the body under
working conditions that lack proper
preventive measures, such as drinking plenty of water, taking frequent
breaks in the shade to cool down,
and removing or loosening personal
protective equipment during breaks.
California regulations require that
pesticide handlers receive training on

recognizing, avoiding, and treating
heat stress.
histoplasmosis. A disease caused by the
fungus Histoplasma capsulatum. Symptoms of this infection vary greatly,
but the disease primarily affects the
lungs and occasionally, other organs.
hyphae. long, branching filamentous
structures of fungi. In most fungi, hyphae are the main mode of vegetative
growth, and are collectively called a
mycelium.
inert ingredients. all materials in the
pesticide formulation other than the
active ingredient. Some inert ingredients may be toxic or hazardous to
people.
inhalation. the method of entry of pesticides through the nose or mouth into
the lungs.
integrated pest management (IPM). a
pest management program that uses
life history information and extensive
monitoring to understand a pest and
its potential for causing economic
damage. Control is achieved, when
practical, through multiple approaches including prevention, cultural
practices, pesticide applications,
exclusion, natural enemies, and host
resistance. The goal is to maintain
long-term suppression of target pests
with minimal impact on nontarget
organisms and the environment.
irreversible injury. a health condition
caused by certain exposures to some
pesticides and other hazardous materials in which there is no medical cure
or recovery.
labeling. the pesticide container label and
all associated materials, including
supplemental labels, special registration labels, and other manufacturer’s
use information. Items that are part of
the pesticide labeling are legal documents.
Laws and Regulations Study Guide.
a publication available from DPR
to assist in preparing for the laws
and regulation examination as part
of pesticide applicator certification.
You may download a copy from
DPR’s website or you may purchase
a printed copy of this publication
from DPR by using the Video/PublicaGLOSSARY
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tion Order Form. The links to the
study guide and order form are
located on the Licensing and
Certification Program web site at
http://cdpr.ca.gov.
LC50. the lethal concentration of a
pesticide in the air or in a body
of water that will kill half of a
test animal population. LC50 values are given in micrograms per
milliliter of air or water (μg/ml).
LD50. the lethal dose of a pesticide
that will kill half of a test animal population. LD50 values are
given in milligrams per kilogram
of test animal body weight (mg/
kg).
lethal concentration. see LC50.
lethal dose. see LD50.
long-term health problem. a pesticide-related illness or disease
that may extend over months,
years, or a lifetime.

Material Safety Data Sheet
(MSDS). an information sheet
provided by a pesticide manufacturer describing chemical
qualities, hazards, safety precautions, and emergency procedures to be followed in case of a
spill, fire, or other emergency.
medical facility. a clinic, hospital, or
physician’s office where immediate medical care for pesticiderelated illness or injury can be
obtained.
microorganism. an organism of microscopic size, such as a bacterium, virus, fungus, or alga.
mode of action. the way a pesticide
reacts with a pest organism to
destroy it.
Monthly Pesticide Use Report. a
form that must be completed
and submitted to the local county agricultural commissioner’s
office by the tenth of the month
following any month in which
agricultural-use or DPR restricted-use pesticides are applied.
MSDS. see Material Safety Data Sheet.
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mycelium. the vegetative body of a
fungus. consisting of a mass of slender filaments called hyphae. (plural:
mycelia.)
no observable effect level. see NOEL.
NOEL (no observable effect level).
the NOEL is the maximum dose or
exposure level of a pesticide that
produces no noticeable toxic effect on
test animals.
notification. see posting.
ocular. pertaining to the eye—this is one
of the routes of entry of pesticides
into the body.
operator identification number. the
number assigned to an operator of
agricultural or other property, as defined in California regulations, where
pesticides will be applied. Operator
identification numbers are used in the
pesticide use reporting process.
oral. through the mouth—this is one of
the routes of entry of pesticides into
the body.
pathogen. a microorganism that causes a
disease.
personal protective equipment (PPE).
devices and garments that protect
employee handlers from exposure to
pesticides. These include coveralls,
eye protection, gloves and boots,
respirators, aprons, and hats.
Pest Control Business License. the
license that must be obtained from
the Department of Pesticide Regulation for businesses that engage in pest
control for hire.
pesticide. any substance or mixture of
substances intended for preventing,
destroying, repelling, or mitigating
any insects, rodents, nematodes, fungi, or weeds, or any other forms of life
declared to be pests, and any other
substance or mixture of substances
intended for use as a plant regulator,
defoliant, or desiccant.
pesticide container. the original packaging for pesticide materials that
includes the pesticide label. See also
service container.

pesticide formulation. the pesticide as
it comes from its original container,
consisting of the active ingredient
blended with inert materials.
pesticide employee handler. see handler.
pesticide labeling. the pesticide label
and all associated materials, including supplemental labels, special local
needs registration information, and
manufacturer’s information.
Pesticide Safety Information Series
(PSIS). a series of informational
sheets developed and distributed
by the California Department of
Pesticide Regulation pertaining to
handling pesticides, personal protective equipment, emergency first aid,
medical supervision, etc.
pesticide toxicity. see toxicity.
pesticide use record. a record of pesticide
applications made to a specific location.
photosynthesis. the process by which
plants convert sunlight into energy.
planktonic algae. microscopic free floating plants found in the upper surfaces
of a body of water where light is most
abundant. Planktonic algae are usually composed of green algae, bluegreen algae, diatoms, and euglenas.
Some species impart an odor or taste
to the water.
posting. the placing of signs around an
area to inform workers and the public
that the area has been treated with a
pesticide.
potency. the toxicity of a pesticide.
PPE. see personal protective equipment.
precautionary statements. the section on
pesticide labels where human and
environmental hazards are listed; personal protective equipment requirements are listed here, as well as first
aid instructions and information for
physicians.
protective clothing. garments of personal
protective equipment that cover the
body, including arms and legs.

part of their employment on property
owned or managed by their employer. Obtaining a QAC requires an individual to pass the required examinations administered by the Department
of Pesticide Regulation.
Qualified Applicator License (QAL). the
credential required for individuals
supervising the pesticide application
operations of a pest control business.
Obtaining a QAL requires an individual to pass the required examinations
administered by the Department of
Pesticide Regulation.
regulations. the guidelines or working
rules that a regulatory agency uses to
carry out and enforce laws.
respiratory equipment. a device that
filters out pesticide dusts, mists, and
vapors to protect the wearer from
respiratory exposure during mixing
and loading, application, or while entering treated areas before the restricted entry interval expires or while the
airborne concentration of fumigants
is above the safe concentration as
prescribed by the pesticide label.
restricted materials.California classification for highly hazardous pesticides,
including federal restricted use
pesticides and certain other pesticides
that can be purchased, possessed and
used only by certified private and
commercial applicators.
restricted materials permit. a permit,
issued by the county agricultural
commissioner, to authorize certified
applicators to purchase, possess, and
use restricted materials.
restricted-use. see restricted materials and
restricted-use pesticide, federal.
restricted-use pesticide, federal. The U.S.
EPA classification for highly hazardouse pesticides that may be applied by or under the supervision of
certified applicators. See also restricted
material.

PSIS. see Pesticide Safety Information Series.

restrictive statement. a statement on a
pesticide label that restricts the use of
that pesticide to specific areas or by
designated individuals.

Qualified Applicator Certificate (QAC).
the credential required for individuals applying or supervising the
application of restricted materials as

route of exposure. the way a pesticide
gets onto or into the body. The four
routes of exposure are dermal (on or
through the skin), ocular (on or in the
GLOSSARY
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eyes), respiratory (into the lungs), and
ingestion (through swallowing).
self-contained breathing apparatus.
(SCBA). see supplied-air respirator.
service container. any container designed
to hold concentrate or diluted pesticide mixtures, including the sprayer
tank, but not the original pesticide
container.
short-term exposure. an exposure period
established by regulatory agencies
to protect workers who must briefly
enter recently fumigated areas. This
exposure level is usually higher than
the threshold limit value set for up to 8
hours of continuous exposure.
signal word. one of three words (DANGER, WARNING, CAUTION) found
on every pesticide label to indicate
the relative hazard of the chemical.
site. the area where pesticides are applied
for control of a pest.
skin absorption. the passage of pesticides through the skin into the blood
stream or other organs of the body.
skull and crossbones. the symbol on
pesticide labels that are highly
poisonous. Always accompanied by
the signal word “DANGER” and the
word “POISON.”
slime. a combinations of fungi, algae,
bacteria, and other organisms.
spore. a reproductive structure produced
by some plants and microorganisms
that is resistant to environmental
influences.
statement of practical treatment. a
section of the pesticide label that
provides information on treating
people who have been exposed to the
pesticide. This includes emergency
first aid information.
statement of use classification. a special
statement found on labels of some
highly hazardous pesticides indicating that their use is restricted to
people who are qualified through a
certification process.
sterilization. a process that kills all forms
of life, such as fungi, bacteria, viruses,
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and including spores of fungi and
bacteria that happen to be present on
a surface.
sublethal. pertaining to a dose of a material, such as a pesticide, that is too
low to cause death in the organism to
which it is applied.
sublethal dose. a pesticide dose insufficient to cause death in the exposed
organism.
supplemental label. additional instructions and information not found on
the pesticide container label because
the label is too small. A supplemental
label is legally considered to be part
of the pesticide labeling.
supplied-air respirator. a tightly fitting face mask that is connected by
hose to an air supply such as a tank
worn on the back of the person using
the respirator or, when worn with
a hood, to an external air supply. Supplied-air respirators permit people to
enter oxygen-deficient areas or areas
where there are highly toxic pesticide
vapors.
symptom. any abnormal condition following a pesticide exposure that can
be seen or felt or that can be detected
by examination or laboratory tests.
threshold limit value (TLV). the airborne
concentration of a pesticide in parts
per million (ppm) that produces no
adverse effects over time.
toxicant. a substance that, at a sufficient
dose, will cause harm to a living
organism.
toxicity. the potential a pesticide has for
poisoning an exposed organism.
toxicity category. the four classifications of pesticides that indicate the
approximate level of hazard. These
categories are indicated by the signal
words DANGER, WARNING, and
CAUTION.
toxicity testing. a process in which
known doses of a pesticide are given
to groups of test animals and the
results observed.
toxicology. the study of toxic substances
on living organisms.

training record. the document, signed by
the trainer, employer, and trainee,
used to record the dates and types of
pesticide safety training received.
use restrictions. special restrictions included on the pesticide label or incorporated into state or local regulations
that specify how, when, or where a
specific pesticide may be used.
virus. a very small organism that multiplies inside living cells and is capable
of producing disease symptoms in
some plants and animals.
warning. the signal word used on labels
of pesticides considered moderately
toxic or hazardous. Pesticides that are
assigned the signal word WARNING
based on toxicity usually have an oral
LD50 between 50 and 500 mg/kg and
a dermal LD50 between 200 to 2,000
mg/kg.
work clothing. garments such as longsleeved shirts, short-sleeved shirts,
long pants, short pants, shoes, and
socks. Work clothing is not considered personal protective equipment
although pesticide product labeling
or regulations may require specific
work clothing during some activities. Work clothing differs from and
should not be confused with a coverall. While coveralls must be provided
by the employer, work clothing can
be required to be provided by the
employee. Short-sleeved shirts and
short pants are only considered acceptable work clothing under conditions expressly permitted by pesticide
product labeling.
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INDEX
A
a.i., 22
absorbent, for spills, 48
cat litter, 48
absorption of pesticides into the
body, 33

hazards with sulfur dioxide
fumigation, 56
heat stress, 34
AWWA specifications for
chemical feed pumps, 67
standards for slug method, 67

B

action, mode of, 18
active ingredient, 22
acute health effects, 18
air/water interface, 60-61
air-supplied respirator, 54
algae, 8-9, 61
cell division, 8
fragmentation, 8
attached-erect, 9
colors of, 9
filamentous, 9
planktonic, 9
algal bloom, 9
algal growth, preventing, 4
ambient air concentration of SO2
gas, 53, 54-55
American Water Works
Association, 65
guidelines, 65
standards for disinfecting
water lines, 66
antimicrobial pesticide, 1, 18
assuming responsibility when
using, 4
expectations when using, 3
handling, 41-44
important considerations
when using, 4
knowledge and skill to work
safely with, 4
toxicity, 18
understanding hazards when
using, 4
using, 3-5
antimicrobials, hazards using in
water cooling towers, 62
application
notification, 4
pesticide, training
requirements for, 30
posting, 4
records, 4
application and mixing
equipment, training on, 30
application procedures,
understanding,
expectations when applying
antimicrobials, 76
assuming responsibility when
using antimicrobial pesticides, 4
atmosphere monitoring device, 53
for SO2 gas, 54-55
attached-erect algae, 9
autoclaving, 14
avoiding
exposure to pesticides, 32-33
hazards and potential
problems, 68-69
hazards from chlorine
compounds, 68
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bacteria, 7-8, 61
enzymes produced by, 7
fission, 7
how they spread, 8
iron oxidizing, 61
sulfate-reducing, 61
toxins produced by, 7
bacterial spore, 7
bacteriological testing, 68
sampling method for, 68
barrels
sanitized, storage of, 55
wine, 4
wine, prewashing, 52
wooden, sanitizing, 51-56
barriers, physical, 13
biofilms, 9, 61
bloom, algal, 9
blowdown, 60, 62
illegal, environmental
contamination from, 62
bodywear
chemical resistant, 42
minimum requirements, 82
boiling water, to control
microorganisms, 13
bonnet, 56
Brettanomyces, 51

C
Cal/OSHA, 25, 26
calcium hypochlorite
granules, 66
tablets, 66

bodywear, 42
gloves, 32, 42
protective clothing, 42
CHEMTREC, 43
chlorination, continuous
feed, 66-67
slug method, 67
chlorine compounds
avoiding hazards from, 68
damage to pipes from, 69
improper testing of, 69
protecting people from, 69
chlorine concentration,
monitoring, 67
chlorine pesticides, storing, 68
chlorine solutions, making, 67
chlorine test kits, 67
chlorophyll, 8
chronic health problems, 3, 19
Class 1 hazardous material
disposal facility, 47
classification, pesticide
toxicity, 20
cleanup procedures
pesticide spill, label
instructions, 47
pesticide spill, MSDS
instructions, 47
cleanable surface,
decontaminating, 48
cleaning, 48
cleaning and maintenance of
supplied air respirator, 54
cleaning requirements, PPE, 41
cleaning up
indoor spill, 48
pesticide spill, PPE, 48
pesticide spill, steps to
follow, 47-48
closed recirculating
systems, 59-60
clothing, contaminated, disposing
of, 36-37

California Department
of Pesticide Regulation,
2, 3, 25-27, 33, 37, 73

coccidioidomycosis, 8

California restricted materials, 29

common symptoms of pesticide
exposure, 32

California requirements for eye
protection, 42
CalTrans, 44
carrying pesticides in vehicle, 43
cartridge respirator, 43
not effective with SO2 gas, 53
categories, toxicity, 20, 21
caution pesticides, 21
cell division, algae, 8
chemical control for
microorganisms, 14
chemical feed pumps, 67
AWWA specifications for, 67
chemical resistant
apron, minimum
requirements, 82

colors of algae, 9

concentration of SO2 gas in
ambient air, 53, 55
concentration, lethal, 18-19
considerations when using
antimicrobial pesticides,
important, 4
contact lenses, hazards when
using SO2, 53
container, pesticide
handling, 41
leaving unattended, 41
securing in vehicle, 43
service, labeling, 4
training on how to handle, 29
containment dam for spill, 48
contaminated items, disposing
of, 36-37

contaminating, water line,
preventing, 65-66
contents of posting sign, 55
continuous feed
chlorination, 66-67
controlling
microorganisms, 13-14
cooling towers, hazards using
antimicrobials in, 62
cooling water systems, 4
problems associated
with, 60-61
corks, wine bottle,
fumigating, 55-56
corrosion, 60-61
coveralls, 42
criteria for restricting
pesticides, 29
crossbones, and skull, 21
cylinders, SO2, handling, 56

D
dam, containment, for spill, 48
damage to pipes from chlorine
compounds, 69
danger, 20
danger pesticides, 20, 21, 29
danger/poison, 21
decay, caused by fungi, 8
decay, wood, 61
decontaminating
cleanable surface, 47
water lines after
installation, 65
definition, legal, of pesticide, 17
delayed symptoms resulting from
pesticide exposure, 32
Department of Pesticide
Regulation, 2, 3, 25-26, 33, 37, 73
deposit, scale, 60
dermal
exposure, 19
LD50, 21
determining pesticide toxicity, 18
device, atmosphere
monitoring, 54-55
disinfecting potable water
lines, 65-69
AWWA standards for, 66
methods for, 66-68
disposable
dust mask, 43
protective clothing, 42
disposal facility, hazardous
material, Class 1, 47
disposing of
contaminated clothing, 36-37
water flushed from treated
pipes, 69
dose, 18-20
lethal, 18-19
DPR, 2, 3, 25-26, 33, 37, 73
Licensing and Certification
Program web site, 2

drift, pesticide, 4
dust mask, disposable, 43
dust or vapors, pesticide, 19

E
eduction tube, 52

eye wear
minimum requirements, 81
protective, 32

F
faceshield, 42

effect level, no observable,19

factors influencing pesticide
toxicity, 20

emergencies
pesticide, 35
seeking help during, 4

federal restricted-use
pesticides, 29

emergencies, seeking help
for, 4, 47

fermentation
process, wine, 52
stuck, 52

emergency or incident
response, 47-48

filamentous algae, 9

emergency procedures,
understanding,
expectations when applying
antimicrobials, 77

filters
high efficiency, 13
water, 13

fill, cooling tower, 60

employee training, 29-37

final flushing, 68

employer requirements for
training handlers, 26

first aid
eye exposure, 35-36
heat stress, 35
inhaled pesticides, 36
instructions on label, 36
instructions on MSDS, 33
skin exposure, 35
swallowed pesticides, 36

environment, modifying, 13-14
environmental contamination
from illegal blowdown, 62
enzymes produced by bacteria, 7
EPA, U.S., 3
equipment, personal protective,
using, 32
equipment, water testing, 62
examination, certification, 2
examination, Microbial Pest
Control category, 2
exclusion, 13
exemption for pesticide safety
training, 2
expectations when using
antimicrobial pesticides, 3
exposure level, maximum, 19

fission, bacteria, 7
flammable materials, hazards of
spilled, 47
flushing
water lines to remove
particulates, 65
final, 68
footwear, 42
minimum requirements, 82
waterproof, 42
format for labels, 26
formulation
pesticide, 14, 22
selecting, 22

exposure symptoms
delayed onset, 32
immediate onset, 32

fouling, 61

exposure to pesticides,
avoiding, 32-33

frequency of employee handler
training, 80

exposure
dermal, 19
eye, first aid for, 35-36
eye, training on, 31
lung, 31
oral, training on, 31
pesticide, symptoms of, 32
respiratory, training on, 31
routes of, 19
short-term, 19
skin, 19
skin, first aid for, 35
skin, training on, 30-31

fumigants, PPE exceptions for
handling certain, 33

eye

fungi, 8, 61
hyphae, 8
identification, 8
mycelium, 8
decay caused by, 8
how they reproduce, 8
mildew caused by, 8

irritation, 21
protection, 42
protection, California
requirements for, 42

eye exposure
first aid for, 35-36
training on, 31

fragmentation, algae, 8

fumigating wine bottle
corks, 55-56
fumigation
process, 55
sulfur dioxide, avoiding
hazards with, 56
function of personal protective
equipment, 32-33
fungal growth, suppressing, 4

fusible plug, 56
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G

gas, hydrogen sulfide, 61
general concepts, knowledge of,
expectations when applying
antimicrobials, 73

heat-related illness, 33-35
help, seeking during
emergencies, 4

LC50, 19

histoplasmosis, 8

LD50, 19

genetic makeup, 19

hood, supplied air respirator, 54

leaving containers unattended, 41

glasses, safety, 42

how
fungi reproduce, 8
to handle pesticide
containers, training on, 29
viruses spread, 9

legal definition of pesticide, 17
Legionella pneumophilia, 61
Legionnaire’s disease, 61

Gram stain, 7

humidity, effect on pesticide
toxicity, 20

lethal
concentration, 18-19
dose, 18-19

groundwater contamination,
preventing, 4, 47

hydrogen sulfide gas, 61

Licensing and Certification
Program, DPR, web site, 2

goggles, 42

hyphae, fungi, 8

H
half-life, 20
handler
pesticide, 30
requirements for training by
employer, 26
training, 29-37
training program, 78
training, frequency of, 80
handling and cleaning
application equipment, training
on, 30
handling
antimicrobial pesticides, 41-44
certain fumigants, PPE
exceptions for, 33
pesticide containers, 41
pesticides, training employees
how to, 78-80
SO2 cylinders, 56
expectations, when applying
antimicrobials, 74
hazard, 19, 75
hazard communication
document, 37
hazardous material disposal
facility, Class 1, 47
hazards
and potential problems,
avoiding, 68-69, 75
of spilled flammable
materials, 47
using antimicrobials in
cooling towers, 62
when using antimicrobial
pesticides, understanding, 4
headwear, minimum
requirements, 82
health effects
acute, 18
chronic, 19
long term, 19
of pesticide exposure, training
on, 30
health hazards associated with
microorganisms in water
cooling systems, 59
health problems, chronic, 3
Health Related Pest Control
category, 3
heat
and workload, 34
cramps, 34-35,
stress, avoiding, 34
first aid for, 35
signs and symptoms, 34
to control microorganisms, 13
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laws, pesticide, reasons for, 25

high efficiency filters, 13

gloves, 42
chemical resistant, 32, 42
minimum requirements, 81-82
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laws and regulations, 25-37
study guide, 2

I
identification
fungi, 8
microorganisms, 7
illegal blowdown, environmental
contamination from, 62
illness or injury, pesticide, 31-32
illness, heat-related, 33-35
illnesses, pesticide, reported, 3
immediate symptoms resulting
from pesticide exposure, 32

liquid
chlorine solutions, making, 67
sulfur dioxide, 53
long term health effects, 19
lung exposure, 31

M
makeup, genetic, 19
making a pesticide application,
training requirements, 30
making liquid chlorine
solutions, 67
Material Safety Data Sheet, 27

important considerations when
using antimicrobial pesticides, 4

materials, danger, 29

improper testing of chlorine
compounds, 69

measuring pesticide toxicity, 18

incident response, 47-48
indoor spill, cleaning up, 48
information required on pesticide
use records, 27-28
Information Series, Pesticide Safety, 26
inhalation, LC50, 21
inhaled pesticides, first aid for, 36
insecticidal soap, 18
iron oxidizing bacteria, 61
irradiation to control
microorganisms, 14
irritation, 21
eye, 21

K

knowledge and skills needed to
work safely with antimicrobial
pesticides, 4, 73-77

L

label
first aid instructions on, 36
format for, 26
pesticide, 26-27
reading, 52-53
training on, 30
when to read, 26-27
requirements for PPE, 41
service container, 41
spill clean up
procedures, 47, 48
labeling and associated
documents, knowledge of,
expectations when applying
antimicrobials, 74

maximum exposure level, 19
methods
for disinfecting water
lines, 66-68
used for sanitizing wine
barrels, 52-55
microbial
growth, cooling tower, 61
organisms, 7-9
pest control category, 3
examination, 2
occupational areas, 4
types of, 4-5
microorganism, 1
buildup, preventing, 62
chemical control for, 14
control in water cooling
systems, 59-62
controlling, 13-14
autoclaving, 13
boiling water, 13
heat, 13
irradiation, 14
refrigeration, 13
UV light, 14
x-rays, 14
definition of, 1
proper identification of, 7
role in wine
fermentation, 51-52
spreading in wineries, 51-52
mildew caused by fungi, 8
minimum required personal
protective equipment, 42, 81-82
mixing and application
equipment, training on, 30
mode of action, 18
modifying the environment, 13-14
monthly summary pesticide use
reports, 28
MSDS, 27, 37

instructions for first aid, 33
in transport vehicle, 43
pesticide spill clean up
procedures, 47, 48
procedure for requesting, 27
purpose of, 27
mushrooms, 8
mycelium, fungi, 8

N

NIOSH approved respiratory
equipment, 43
no observable effect level
(NOEL), 18, 19
non-compliance with pesticide
laws, penalties for, 37
notification about pesticide
application, 4

O

occupational areas for microbial
pest control, 4
once-through systems, 60
open recirculating systems, 60
oral exposure, training on, 31
oral LD50, 21

P
particulates, removing from
water lines by flushing, 65
penalties, for non compliance
with pesticide laws, 37
performance objectives when
applying antimicrobials, 73-77
personal protective
equipment, 32-33, 41-43
familiarity with, expectations
when applying
antimicrobials, 75
for wine barrel
sanitization, 53-54
function of, 32-33
label requirements, 41
using, 32
Pest Control category
Health Related, 3
Microbial, 3
pesticidal soap, 18
pesticide
absorption into the
body, 31-33
antimicrobial, 1, 18
application, notifying
others, 4
application, posting after, 4
avoiding exposure to, 32-33
caution, 21
containers, 29
handling, 41
securing in vehicle, 43
training on how to
handle, 29
criteria for restricting, 29
danger, 21
danger/warning, 21
dose, 18
drift, 4
emergencies, 33
exposure, health effects of,
training on, 30
symptoms of, 32
familiarity with, expectations

when applying
antimicrobials, 73
formulation, 14, 22
selecting, 22
handler, who is a, 30
illness or injury, 31-32
illnesses reported, 3
inhaled, first aid for, 36
label
format for, 26
reading, 52-53
supplemental, 26
training on, 29
when to read, 26-27
labeling, 26-27
laws and regulations, 25-37
knowledge of, expectations
when applying antimicrobials, 74
non-compliance, penalties
for, 37
reasons for, 25
legal definition of, 17
mixing and application
equipment, training on, 30
potency, 18
registration, 17
process, U.S. EPA, 18
restricted-use, federal, 29
safety training, exemption
for, 2
spill, steps to follow in
cleaning up, 47-48
storage, 44
area, 44
records, 44
restrictions, 44
supplemental labels, 26
toxicity, 18
categories for, 21
classification, 20
determining, 18
effect of humidity on, 20
effect of rain on, 20
effect of sunlight on, 20
effect of temperature on, 20
effect of wind on, 20
factors influencing, 20
measuring, 18
training on using safely, 29-30
transporting and
storing, 43-44
use records, 27
information required
on, 27-28
use reporting, 28
expectations when applying antimicrobials, 73
monthly summary, 28
use restrictions, 29
vapors or dust, 19
warning, 21
Pesticide Safety Information
Series, 26, 79
photosynthesis, 61
physical barriers, 13
pipes and fittings, storing, 65
pipes
damage to, from chlorine
compounds, 69
treated, disposing of water
flushed from, 69
planktonic algae, 9
plug, fusible, 56
posting
after pesticide application, 4
for SO2 fumigation, 55

sign
contents of, 55
when to remove, 55
storage area, 44
potable water lines,
disinfecting, 5, 65-69
potency, 18
PPE, 32-33
air supplied respirator, 43
bodywear, minimum
requirements, 82
cartridge respirator, 43
SO2 gas, 53
chemical resistant apron,
minimum requirements, 82
chemical resistant
bodywear, 42
chemical resistant gloves, 42
cleaning requirements, 41
cleaning up pesticide spill, 48
coveralls, 42
disposable dust mask, 43
disposable protective
clothing, 42
eye protection, 42
eye wear, minimum
requirements, 81
exceptions for handling
certain fumigants, 33
footwear, minimum
requirements, 82
for wine barrel
sanitations, 53-54
gloves, minimum
requirements, 81-82
headwear, minimum
requirements, 82
label requirements, 41
minimum
requirements, 42, 81-82
respiratory equipment, 42-43
self-contained supplied air
respirator, 54
supplied air respirator, 53-54
hood for, 54
waterproof footwear, 42
waterproof protective
clothing, 42
when using wire braided
hoses on SO2 tanks, 53
preventing
algal growth, 4
fungal growth, 4
groundwater
contamination, 4, 47
microorganism buildup, 62
slimes, 4
water line
contamination, 65-66
prewashing wine barrels, 52
problems associated with cooling
water tower systems, 60-61
procedure for requesting
MSDS, 27
prolonged onsite storage of water
pipes, 65
protecting people from chlorine
compounds, 69
protective clothing
disposable, 42
waterproof, 42
protective eyewear, 32
protozoans, 8
pumps, chemical feed, 67
purpose of MSDS, 27
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Q
QAC, 2
QAL, 2
qualifications, trainer, 78
Qualified Applicator Certificate, 2
Qualified Applicator License, 2

R

rain, effect on pesticide
toxicity, 20
reading the pesticide label, 52-53
reasons for pesticide laws and
regulations, 25
recirculating systems
closed, 59-60
open, 60
record keeping, expectations
when applying
antimicrobials, 74
records
application, 4
pesticide storage, 44
pesticide use, 27
training, 4
refrigeration, to control
microorganisms, 13
registration process, pesticide,
U.S. EPA, 18

safety precautions,
understanding,
expectations when applying
antimicrobials, 74
sampling method for
bacteriological testing, 68
sanitation, 13
sanitized barrels, storage of, 55
sanitizing
water pipes, 5, 65-69
wine barrels, methods used
for, 52-55
wooden wine barrels, 51-56
saturated steam, 13-14
scale deposits, 60
securing pesticide containers in
vehicle, 43
seeking help during
emergencies, 4, 47
selecting a pesticide
formulation, 22
self-contained supplied air
respirator, 54
serious symptoms of pesticide
exposure, 32

registration, pesticide, 17
regulations and laws,
pesticide, 25-37

shock, 36

regulations, pesticide, reasons,
for 25

short-term exposure, 19
signal word, 21

reported pesticide illnesses, 3
reporting
pesticide use, monthly
summary, 28
pesticide use, requirements
for, 28-29
what to report, 28
requirements for
cleaning, PPE 41
pesticide use reporting, 28
training employee
handlers, employer, 26
rescue breathing, 36
respirator
air-supplied, 43
cartridge, 43
supplied air, 54
respiratory
equipment, 42-43
exposure, training on, 31
response, emergency or
incident, 47-48
responsibility when using
antimicrobial pesticides, 4
restricted materials,
California, 29
restricted-use pesticides,
federal, 29

INDEX

safety glasses, 42

service container, 41
labeling, 41

repairing damaged water lines, 66
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S

steps to follow in cleaning up
pesticide spill, 47-48
storage
area, posting, 44
of sanitized barrels, 55
pesticide, 44
records, pesticide, 44
restrictions, pesticide, 44
storing
chlorine pesticides, 68
pipes and fittings, 65
stuck fermentation, 52
study guide, Laws and
Regulations, 2
sulfate-reducing bacteria, 61
sulfur dioxide, 52
fumigation, avoiding hazards
with, 56
liquid, 53
sunlight, effect on pesticide
toxicity, 20
supervision of non-certified
personnel, expectations when
applying antimicrobials, 74
supplemental labels, 26
supplied air respirator, 53-54
cleaning and maintenance, 54
hood, 54
self-contained, 54
swallowed pesticides, first aid
for, 36
symptoms
heat stress, 34
pesticide exposure, 32
pesticide exposure,
serious, 32

signs and symptoms of heat
stress, 34

T

skin exposure, 19
first aid for, 35
training on avoiding, 30-31
skin irritation, 21

tablet or granule method, 66

skull and crossbones, 21

temperature, effect on pesticide
toxicity, 20

slimes, 9, 61
preventing, 4
slug method, chlorination, 67
AWWA standards for, 67
SO2 cylinders
handling, 56
fumigation, posting for, 55
gas, ambient air concentration
of, 53, 54-55
gas, working with, 56
monitoring, 54-55
tanks, with wire braided
hoses, 53
soap
insecticidal, 18
pesticidal, 18
spill
absorbent for, 48
cat litter, 48
cleaning up, 47-48
PPE, 48
containment dam for, 48
indoors, cleaning up, 48
spoilage, wine, 4

restricting pesticides, criteria
for, 29

spore, 8
bacterial, 7

restrictions
pesticide storage, 44
pesticide use, 29

spreading microorganisms in
wineries, 51
stain, Gram, 7

routes of exposure, 19

steam, saturated, 13-14

temperature range for chemical
resistant bodywear, 42

test kits, chlorine, 67
testing
bacteriological, 68
equipment, water, 62
threshold limit value (TLV), 19-20
tower fill, 60
toxicity, 18
antimicrobial pesticide, 18
categories for
pesticides, 20, 21
classification, pesticide, 20
pesticide, factors
influencing, 20
toxins, produced by bacteria, 7
trainer qualifications, 78
training
employee, 29-37
employees to handle
pesticides, 78-80
expectations when applying
antimicrobials, 74
handler, employee, 29-37
on eye exposure, 31
on handling and
cleaning application
equipment, 30
on health effects of pesticide
exposure, 30
on how to handle pesticide
containers, 29

on mixing an application
equipment, 30
on oral exposure, 31
on respiratory exposure, 31
on skin exposure, 30-31
on the pesticide label, 30
on using pesticides
safely, 29-30
program, employee
handler, 79
records, 4
requirements for making a
pesticide application, 30
transporting and storing
pesticides, 43-44
pesticides in vehicle, 43
treatment, water, 61-62
trench water contamination, 68
tube, eduction, 52
types of microbial pest
control, 4-5

U
understanding hazards
associated with use,
expectations when applying
antimicrobials, 75
when using antimicrobial
pesticides, 4
U.S. Environmental Protection
Agency, 3, 25
pesticide registration
process, 18
use records
information required
on, 27-28
pesticide, 27
use reporting, pesticide,
expectations when applying
antimicrobials, 74

contamination, from trench
water, 68
cooling system
health hazards associated
with microorganisms
in, 59
microorganism control in,
59-62
problems associated
with, 60-61
filters, 13
line
contamination,
preventing, 65-66
decontaminating after
installation, 65
potable, disinfecting, 65-69
pipes, prolonged onsite
storage, 65
sanitizing, 5
quality, monitoring, 62
systems, water cooling, 4
testing equipment, 62
treatment, 61-62
water/air interface, 61-62
waterproof protective clothing, 42
web site, DPR Licensing and
Certification Program, 2
what are pesticides, 17-22
what to report on monthly
summary pesticide use, 28
when
to read pesticide label, 26-27
to remove posting sign, 55
who is a pesticide employee
handler, 30
wind, effect on pesticide
toxicity, 20
wine
barrel sanitation
PPE for, 53-55
prewashing, 52
bottle corks, fumigating, 55-56
fermentation process, 52
role of microorganisms, 51
spoilage, 4

use restrictions, pesticide, 29

wire braided hoses, SO2 tanks, 53

using
antimicrobial pesticides, 3-5
personal protective
equipment, 32
pesticides safely, training
on, 29-30

wood decay, 61

UV light to control
microorganisms, 14

V
value, threshold limit, 19-20

word, signal, 20
Worker Protection Standard, 33
working with SO2 gas, 56
workload and heat, 34

X

x-rays, to control
microorganisms, 14

vapors or dust, pesticide, 19
vehicle
carrying pesticides in, 43
securing pesticide containers
in, 43

yeasts, 8

Y

viruses, 9
how they spread, 9

W
warning, 20
warning pesticides, 21
water
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