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PESTICIDE REGULATIONS FOR AQUATIC APPLICATIONS 
 
 The Environmental Protection Agency (EPA) conducts regulation of pesticides at the 
federal level under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA).  
 

EFFECTS OF PESTICIDE APPLICATIONS ON THE AQUATIC ENVIRONMENT  
 
 Many pesticides are designed to control pests in aquatic environments: herbicides for 
algae and vascular plants; insecticides for insects; and piscicides for fish control.  When users 
apply these pesticides according to label instructions and follow the safety precautions stated on 
the label, pesticides pose little threat to the environment.  Misapplication of pesticides to or near 
water can cause severe, adverse effects to nontarget organisms by acute toxicity, by modifying 
habits, and by altering oxygen levels or food quality and quantity. 
 

Acute Effects 
 
 The acute toxicity of pesticides to aquatic organisms depends on many factors.  One 
species may be more susceptible to the chemical than another.  Therefore, the LD50 or any other 
measure of toxicity cannot be applied to different species.  For example, trout are more 
susceptible than other fish species to copper sulfate applications used for algae control.  Also, the 
response of a single species may vary depending on the sex, size, or age of the exposed 
individual.  Chemical or physical differences in the water may affect an animal’s response or the 
pesticidal action; copper sulfate decreases in pesticidal activity with increased water hardness. 
 
Plants 
 
Insecticides and piscicides are generally nontoxic to plants unless an adjuvant is added that is 
phytotoxic. Use herbicides carefully if desirable plants grow within the site, in drainage areas, or 
on nearby banks.  For example, fluridone treated water may injure trees or shrubs growing in, or 
with roots exposed to, the water.  Herbicides applied to or near water have the potential of 
moving off target with water movement.  If water is used for irrigation, make sure no irrigation 
restrictions are stated on the label.  Drift into nontarget areas may be another concern.  Damage 
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problems can also occur if you do not rinse spray tanks thoroughly between applications of 
different pesticides. 
 
Fish 
 
Acute toxicity of insecticides and herbicides to fish is usually small when you use the 
recommended dosages.  However, evaluate each pesticide on an individual basis, depending on 
the treatment levels, species of fish, and chemical characteristics of the water.  For, example, 
acrolein and xylem are highly toxic to shrimp, crabs, and fish at rates recommended for weed 
control.  Temephos, a mosquito larvicide, has been shown toxicity to fish.  Precautionary 
statements printed on both insecticide and herbicide labels warn of potential fish toxicity. 
 
When considering the toxicity of pesticides to fish remember that the kind of chemical, species 
of fish, and nature of the water all play a role in the ultimate reaction of the fish to a toxicant.  
Fry, newly hatched fish, are the most vulnerable life stage.  They are present in the spring when 
many aquatic herbicides are applied to young, actively growing weeds.  
 
Piscicides are lethal to fish when used as directed.  There is little selectivity.  Fish restock 
intervals are stated on the label.  Testing the water with a few fish before stocking is always 
recommended. 
 
Invertebrates 
 
Most herbicides and piscicides are not harmful to aquatic invertebrates (crabs, shrimp, insects) 
when used at recommended dosages, with the exception of the herbicides acrolein and xylene.  
Evaluate each pesticide on an individual basis and for each situation because toxicity does occur, 
the herbicide fluridone is toxic to crayfish.  The high reproductive potential of most invertebrates 
allows population levels to return to normal relatively rapidly if some kill has occurred. 
 
Insecticides you apply to water, generally larvicides, can reduce the population of other aquatic 
invertebrates.  Adulticides applied on land may affect other terrestrial invertebrates.  Use caution 
because these insecticides may be highly toxic to bees and other beneficial insects. 
 
Other Animals and Humans 
 
Precaution may be necessary to protect certain bird species from insecticide applications. 
 
Some herbicides and piscicides used in aquatic resource management will be a potential hazard 
to people for a period of time.  Treated water may be unsafe for swimming, for livestock 
watering, or for irrigation; and fish may be unfit for human consumption.  Water treated with 
some herbicides, such as endothall, cannot be used for watering livestock, for irrigation, for 
domestic uses, or for crop spray diluents for set time periods that depend upon the concentration 
applied. 
 
 
 



 

 3

Indirect Effects 
 

Pesticides affect aquatic life directly, but do not cause environmental harm when used properly.  
However, they may cause subtle changes and indirectly modify an aquatic ecosystem, both 
biologically and physically.  Positive and negative indirect effects are just as important as acute 
effects in many cases. 
 
Habitat Modifications 
 
Aquatic plants provide cover, protection, attachment surfaces, and food for many aquatic 
animals.  Bacteria, fungi, algae, diatoms, protozoans, insect larvae, thread and bristle worms, 
rotifers, and small crustaceans are the principle members of the community of organisms that 
live on and around larger plants.  Plants contribute to and affect the chemical and physical nature 
of the aquatic ecosystem.  Any reduction in quality and quality of aquatic plants affects the 
chemical and physical environment, and thus the animal community structure. 
 
Weed management programs change the physical habitat.  Dense mats of vegetation harbor 
larger numbers of small fish and their food organisms.  Biologists have found that if too much 
cover is present, fish populations become unbalanced and stunted.  A reduction in cover 
sometimes causes more of the smaller fish to become prey to the larger fish, benefiting both 
populations. 
 
Most predatory game fish do not use areas of dense aquatic vegetation for spawning, and plant 
removal generally does not reduce their chances for survival. 
 
Alteration in Oxygen Levels 
 
Algae and flowering plants usually form the first link in aquatic food chains.  Through 
photosynthesis, plants use the sun’s energy to convert water and carbon dioxide to carbohydrates 
(food) and oxygen.  Removal of aquatic plants or algae lowers the basic productivity (food and 
oxygen) of an aquatic ecosystem.  Less energy is converted to food and less oxygen is available 
in the water. 
 
Dead plants become organic matter (food) for microorganisms, such as algae and bacteria, and 
no longer produce oxygen.  Microorganisms convert organic matter into simpler compounds or 
nutrients.  An increase in dead plants increases microorganism populations.  Since most bacteria 
require oxygen, this increase in microorganism activity may decrease the oxygen level below 
that necessary for the survival of higher organisms, including fish and invertebrates.  Avoid 
causing low oxygen conditions by treating only a part of a weed infested area at a time, thereby 
giving fish an opportunity to move to untreated water.  For example, late season applications of 
2,4-D, an herbicide, may require treatment of portions of a body of water, leaving buffer lanes 
which can be treated when vegetation in the treated lanes has disintegrated.  This reduces the 
total amount of plant matter decomposing at one time. 
 
Carbon dioxide and other toxic by-products of plant and algae decomposition also build in the 
water and can be detrimental to other forms of life. 
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Changes in Food Quantity and Quality 
 
Small invertebrates are important links in aquatic food chains.  Typical aquatic invertebrates are 
worms, leaches, shrimp, scuds, water fleas, insect larvae, snails, and clams.  Reductions in the 
number of invertebrates will reduce the food supply of organisms that feed on invertebrates.  
Temporary reductions in invertebrate populations replenish with time by migration of 
invertebrates into previously treated areas or by gradual repopulation by survivors. 
 
Increased amounts of decaying plant material from an herbicide application may significantly 
increase invertebrate populations that feed on organic matter.  This provides more food for fish 
and other higher organisms. 
 
Fish populations may increase if rooted aquatic vegetation is removed.  This is true when the 
nutrients released by decaying vegetation stimulate algae growth.  Rooted aquatic vegetation 
tends to tie up nutrients and energy, and few animals use it as a source of food. 
 
Fish can feed on a number of different food organisms but generally restrict their feeding to a 
preferred group.  However, most fish will take whatever food is available in greatest quantities.  
Because fish adapt to varying conditions and are able to change foods within limits, they may not 
be adversely affected by a temporary alteration in the food chain.  If the number of food 
organisms is reduced by the action of a pesticide when food is scarce, fish may exhibit reduced 
growth rates and fish populations may suffer. 
 
Vertebrates (waterfowl, turtles, muskrats) that feed on aquatic plants or animals may be affected 
by changes in the aquatic supply, due to either quality or quantity. 
 
Fish rapidly excrete most herbicides.  Some herbicides may be found in fish; however, they are 
not accumulative.  The concentrations found in the fish are not higher than the concentrations in 
the surrounding environment.  These levels decline as soon as the fish is moved from the source 
of chemical.  The pesticide label will state the minimum length of time required between 
pesticide application and fish harvest.  This preharvest interval ensures fish are free of the 
chemical and fit for human consumption.  Fish killed by the piscicide rotenone are not harmful to 
other forms of wildlife. 
 

AQUATIC VEGETATION MANAGEMENT 
 
Recreational, agricultural, industrial, and other uses place an increasing demand upon water 
resources. 
 
Like land areas, water areas support a wide variety of plant life that varies within the different 
aquatic environments (streams, lakes, ponds, irrigational canals).  Aquatic plants can be the 
dominant visible feature of some water areas.  In other cases, they may occupy only water 
margins, grow out of sight beneath the water surface, or grow as minute organisms suspended in 
water. 
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The planned use for a body of water often determines the need for management or control of 
aquatic plants.  A given body of water may be used for irrigation, fishing, boating, swimming, 
water skiing, and waterfowl hunting.  Plant control may be required to meet the objectives of 
domestic, industrial, recreational, or agricultural water consumptions.  Many aquatic plants may 
be pests in some situations and desirable plants in others, depending on: 

• their abundance, 
• the use of the waters which they inhabit, or 
• personal values of people using or living near the water. 

 
The desirability of aquatic plants depends on the point of view of the water user.  Reservoir 
managers and swimmers want clean, clear water free of vascular plants, algae, and other 
organisms that detract from the usefulness of the water or pose human hazards.  Waterfowl 
hunters want an abundance of aquatic plants that attract ducks and geese for food and cover.  
Anglers prefer to see lily pads, plant beds, and plankton that nurture fish and the organisms they 
feed upon, but only if they do not become widespread and spoil the fishing.  Conservationists 
strive for suitable plant cover on watersheds and banks of streams, lakes, and ponds to control 
erosion and to protect water quality.  Irrigators want clean, free-flowing water.  It is clear the 
owners or managers of a body of water should know about aquatic plants so they can choose 
procedures to meet management objectives.  The application of science to aquatic environment 
management offers the best solution for meeting the diverse interests of all water users. 
 

Categories of Aquatic Weeds 
 

The first step toward prevention or management of aquatic weeds is to correctly identify them.  
Most management methods are aimed at specific plants or groups of plants with similar growth 
habits.  Aquatic weeds are usually separated into four broad categories based on their life form: 
algae, emersed, submersed, and floating vascular plants. 
 
Algae 
 
Algae are the simplest plants in structure and organization as well as the most primitive.  They 
are the most common and most uniformly distributed of all aquatic plants.  Algae are unicellular 
or simple aggregates of cells capable of carrying out all life processes without specialized tissue, 
such as leaves, roots, or stems.  They vary from microscopic forms to long, stringy mats.  Under 
conditions of high nitrogen and phosphorus levels and during hot, calm, sunny weather, algae 
multiply rapidly and may accumulate in large masses, called blooms.  Algae reproduce by 
spores, cell division, and/or fragmentation.  They can be divided into three groups. 
 
Filamentous algae consist of long, stringy hair-like filaments that form mats or “pond scums” 
during summer.  These can be seen without the aid of a microscope.  Other algae may form a 
green, furlike coating on stones and other bottom objects.  In early spring, they grow on the 
bottom and may rise to the surface during hot, calm, sunny weather. 
 
Stonewort algae or muskgrass, because of their size, growth, and attachment to the pond bottom, 
may be mistaken for vascular plants.  Examples are chara and nitella.  Chara has a strong, musky 
odor, and is sometimes encrusted with calcium deposits, which give it a rough, gritty texture – 
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thus, the name stonewort.  These plants consist of an erect central main stem, from which 
clusters of branches arise at various intervals.  They can grow as tall as 2 or 3 feet, and can 
completely cover a pond or lake bottom. 
 
Plankton algae are commonly single cells or small colonial groups.  They are free-floating and 
green, blue-green, or brown.  In large numbers, plankton algae may color the water brown, 
yellow, pea soup green, or even red during the warm seasons.  When this occurs, the lake or 
pond is said to be “blooming”.  These blooms may indirectly provide food for fish, but they may 
also make water undesirable for swimming, fishing, or use as a domestic water supply.  Each 
ounce of water in this condition contains millions of microscopic algae cells.  Upon death, they 
may release foul odors and tastes into the water; some species release toxins capable of 
poisoning livestock.  Complete chemical treatment after “water blooms” is not normally 
desirable or feasible.  Treatments would be expensive and would be effective only for a few 
days.  Serious oxygen depletion from sudden death of the bloom can cause fish kills. 
 
Vascular Plants 
 
Vascular plants are more complex in structure and organization.  They have specialized tissues, 
such as roots, leaves, stems, and flowers.  There are annuals, perennials, and woody plants; many 
flower and produce seed; others propagate asexually (tubers, winter buds, turions, fragments). 
 
Emersed plants are rooted or anchored in the bottom soils with most of the leaf-stem tissue 
above the water surface and not falling or rising with changes in the water level.  Most plants are 
perennial, having creeping rootstocks, or woody, and are found in shallow waters.  The foliage is 
aerial.  Examples are cattails, tules, yellow waterlilies, salt cedar, and purple loosestrife. 
 
Submersed plants adapt to grow with all or most of their vegetative tissue below the water 
surface.  They are usually rooted in the bottom soils.  Examples are pondweeds, coontails, 
elodea, and milfoil. 
 
Floating plants are either free-floating or anchored to the bottom and produce most of their leaf-
stem surface tissue (thalli) at, or above the water surface.  Leaves or thalli of floating plants rise 
or fall with the water level.  Examples are duckweed, azolla, white waterlily, and water hyacinth. 
 

Management and Control 
Water Management 
 
Wise management of water is necessary if control of aquatic vegetation is to be more than 
temporary.  Management plans must begin with an evaluation of all uses of a given body of 
water.  Work to balance the chemical, biological, and physical factors as much as possible to 
obtain maximum use of the water to benefit the greatest number of people. 
 
 
Proper design and construction of ponds and ditches are important factors in preventive control 
of aquatic plants.  Shallow water at pond and ditch margins provides an ideal habitat for emersed 
plants, such as cattails.  Submersed plants can easily become established there, then spread into 
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deeper waters.  Steep banks with a 1:1 or 1:1.5 slope, until water depth is at least 3 feet, will help 
prevent establishment of many emergent and bank weeds.  However, steep sides may create 
other problems.  If small children frequent a pond, steep sides would definitely cause a safety 
hazard. 
 
Remove fertile topsoil from the pond or reservoir basin before filling.  If plans include a beach 
area for swimming and other recreational purposes, remove the fertile topsoil and replace it with 
sand.  If possible, prevent waters heavily laden with silt and nutrients from entering an 
impoundment. 
 
Construct ponds, lakes, canals, and ditches so they can be drained, if possible.  The water levels 
in some large lakes and reservoirs may be lowered enough to expose plants in the shallow areas.  
Freezing or drying periods of several months may be necessary to control plants in some ponds 
and lakes.  In most canals, it is not practical to interrupt water flow during the summer months 
when aquatic plants make their most rapid growth.  The species of plants and the seasonal 
growing period will generally determine whether this method is practical or not.  An overriding 
factor on lowering reservoirs or drying ponds will be the presence of a fish population and the 
need to maintain their spawning habitats. 
 
Mechanical Control 
 
Physical removal is effective for small quantities of plants near shorelines.  The techniques 
consist of cutting, mowing, raking, digging, or pulling.  In small ponds or lakes, emergent plants, 
such as sedges, cattails, and rushes, can be mowed, pulled by hand, or dug with a hoe. 
 
Chaining may be practical in some instances, particularly in canals.  Draglines are useful for 
deepening and cleaning canals and margins of lakes and ponds.  Weed harvesters are used in 
lakes and some canals for cutting and collecting the cut plants. 
 
Certain problems are associated with the previous methods.  Pulling, cutting, or harvesting 
usually must be repeated several times to eliminate new growth as it appears.  Single cutting 
treatments usually are not effective because most submersed and emergent vegetation is 
perennial, and the underground portion of the plants is unharmed by such a treatment.  Attempts 
to dislodge submerged plants by cutting or dragging a chain or cable over the bottom are not 
effective unless the plant fragments are removed from the water.  Actually, this practice may 
spread the infestation, because the plants can regenerate from plant fragments.  Also, plant 
fragments and other debris dislodged by such devices plug irrigation sprinklers, pumps, etc.  
Mechanical control may be slower and more costly than other control methods. 
 
Burning ditchbank weeds may increase the flow of water in a ditch and help to prevent seed from 
infesting new land.  Sear green vegetation the first time, then thoroughly burn 7 to 10 days later.  
Control by burning is also temporary.  Permits to burn may also be required prior to the action. 
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Biological Control 
 
Biological control employs plant or animal agents to control or reduce growth of vegetation or to 
alter the habitat to favorably change the type of plant growth.  People have tried using insects, 
mites, snails, pathogenic microorganisms, fish, ducks, geese, manatees, and competitive plants 
for biological control of aquatic weeds.  Biological control is not new, but practical and safe 
means of controlling plants by these methods are extremely limited. 
 
Muskrats may cut considerable quantities of plants, but in doing so they leave fragments that act 
as sources for plant propagation.  Domestic waterfowl may feed on certain floating and 
submerged plants; however, the fertility resulting from their excrement may create excessive 
algae blooms that may be more undesirable than the original problem.  Some exotic species of 
fish, such as the white amur or grass carp, are being promoted to control aquatic vegetation.  
Since the impact of these organisms on the aquatic ecosystems is not fully known, their release is 
prohibited in many states. 
 
Chemical Control 
 
Responsible use of aquatic herbicides requires careful consideration of many factors.  The most 
important consideration is the use of the treated water.  Contaminating domestic water supplies, 
or failure to observe the proper precautions in water-use restrictions may result in health hazards.  
Most waters are managed on a multiple-use concept.  Gamefish, waterfowl, and aquatic 
mammals share use of a body of water with swimmers and boaters.  Irrigation and domestic 
requirements also may be met by withdrawals from a lake, canal, or river. 
 
Before selecting or using an herbicide in aquatic environments, consider four primary factors for 
a safe, effective, and legal application: 

• characteristics of the environment: pest identification, population, and stage of plant 
growth present; types and numbers of desirable plants or animals present. 

• water-use: human use, irrigation, livestock, fish production, etc.; destination and use of 
outflow; length of time water can be quarantined. 

• characteristics of the water: temperature, turbidity, depth, inflow and outflow velocity, 
and quality. 

• herbicide: labeled uses, restrictions, precautions, cost, and selectivity. 
 
Most herbicides are applied in late spring or early summer when the plants are young and 
actively growing.  Treatment at this time usually gives the best control with the least amount of 
chemical.  Applications in late summer or early fall may require more chemical.  Furthermore, 
access to normally dense aquatic vegetation is best in the spring or early summer before the 
plants reach the surface. 
 
If possible, lower lake and pond water levels that have a high rate of inflow prior to treatment to 
ensure adequate contact time for the herbicide.  Close the spillway and retain the treated water 
for at least the minimum period specified on the label before overflow.  The amount of 
drawdown will vary according to the situation. 
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Vegetation management in static water.  Sprayable formulations are almost always preferred for 
control of floating and emersed weeds.  Surface water applications are made for floating and 
emersed weeds.  These plants are killed by applying the spray mixture to the foliage from the air, 
ground, or boat.  Both sprayable and granular formulations are used for submersed weed control. 
 
Granular formulations are often used for control of algae or submersed plants.  Because granules 
sink to the bottom, they perform about the same way as bottom soil treatments.  Application rates 
for granular herbicides are based on either surface area or total water volume treatment. 
 
Granular herbicides perform best when distributed evenly over the water surface of the area to be 
treated.  They may be broadcast by hand or manual spreader over small areas.  Special granule 
spreaders can be mounted on aircraft or boats for large-scale applications.  Advantages of 
granular herbicides include: 

• treatment is usually confined to the bottom where submersed plants are rooted; 
• some formulations provide long contact time with plants (slow release granules); and 
• chemicals can be formulated so they are nontoxic to fish. 

 
Herbicide applications that are successful in smaller bodies of water often perform poorly in 
large impoundments.  These impoundments often have more water movement caused by thermal 
currents or the wind.  The following methods may improve plant control in these sites: 

• use the maximum recommended application rates; 
• treat relatively large water areas at one time; 
• apply herbicides only during periods of minimal wind; 
• use bottom treatment in deep water; 
• use granular formulations when possible; 
• select herbicides that plants absorb quickly. 

 
Vegetation management in flowing water.  Aquatic plants in flowing water are the most difficult 
to control.  Because the water is moving from one location to another, herbicide use hazards are 
increased. 
 
Herbicides are seldom used to control plants in natural streams, but use is more common in 
human engineered water distribution and drainage systems.  Most of these carry irrigation water.  
Do not irrigate crops with treated water unless use is permitted by the pesticide label.  Some 
systems also carry domestic, industrial, and recreational water.  As the number of water uses 
increases, more restrictions and precautions are required. 
 
Control methods for floating and emersed weeds are similar to methods on static water.  But pay 
close attention to precautions, since the water is flowing and may impact the environment 
downstream. 
 
Submersed plants and algae can be effectively controlled in flowing water only by continuously 
applying enough herbicide at a given spot to maintain the needed concentration for the required 
contact time.  The greater the cross-section area and the depth of the stream and the greater the 
speed of flow, the larger the volume of water that must be treated.  The larger volumes of water  
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that must be treated make use of herbicides in flowing water costly; particularly when: 
• the plant infestation covers only a small area, and, 
• the herbicides are effective for only a short distance downstream. 

 
Few herbicides are available for control of submersed plants in flowing water.  Copper sulfate is 
available for algae control.  It is toxic to trout and most other fish species.  Xylene and acrolein 
are also used for weed control in irrigation systems.  They are highly toxic to fish and other 
aquatic organisms. 
 
Be certain that residues in the treated water and runoff water are at or below the level permitted 
for all subsequent uses. 
 
Weed control methods used in limited flow waterways (flood drainage canals, sloughs, drains) 
are very similar to those used in static water. Consider the possible contamination of water used 
for other purposes when you plan the use of herbicides in limited flow water.  In some areas, 
drainage water may flow directly onto cropland, may be used for irrigation, or may even enter a 
fishery or the drinking water supply. 
 
Vegetation management on ditchbanks.  Weeds on ditchbanks are a major obstacle in irrigation 
of crops and subsequent drainage.  They reduce the flow of water and thus cause flooding, 
seepage, breaks in ditchbanks, increased evaporation and transpiration loss, decreased water 
delivery, and decreased drainage of water.  They obstruct inspection and maintenance operations 
of the irrigation channels.  Also, seeds and other propagules produced by weeds on ditchbanks 
can infest cropland. 
 
Ditchbanks provide a variable plant habitat.  A major reason is that soil moisture varies greatly 
within a short distance on an irrigation ditchbank.  Emergent aquatic species are often found at 
the water line.  Within a few feet of this area, up over the top of the bank, the soil may be very 
dry with drought tolerant species predominant. 
 
Plant control methods will depend on which plants are to be controlled in relationship to the 
water level, intended use, and subsequent use of the water downstream.  When spraying 
ditchbanks, keep the sprayer traveling upstream to avoid the possibility of concentrating any 
herbicide which may get in the water.  
 
If there is any chance that the herbicide will mix with water when water levels rise, use only 
aquatic herbicide formulations. 
 
Those herbicides are registered for the management of aquatic vegetation include the following: 
 
Aquatic Herbicide 
Active Ingredient 

 
Target Species 

 
Comments 

Copper sulfate Algae Contact herbicide and quickly kills sensitive algal species. 
Copper chelates Algae Copper is held in an organic complex know as a chelate. 

Less corrosive to equipment than copper sulfate. 
Less toxic to fish than the copper sulfate. 

2,4-D Submerged and Not all formulations have an aquatic registration.. 
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Emerged  Selective for broadleaves 
Diquat Submerged and 

Emerged 
An approved nonionic surfactant is required with foliar applications. 
Tightly adsorbed to clay, which reduces activity in muddy water. 

Endothall Algae 
Submerged  

Contact herbicide. 
 

Fluridone Submerged and 
Emerged 

Moves within the treated plant. 
Slow acting herbicide, takes time for a complete kill. 

Glyphosate Emergent Foliar applied, translocated herbicide. 
Non-selective. 

Triclopyr Emergent Foliar applied, translocated herbicide. 
Selective herbicide – control broadleaves and woody species. 

Imazapyr Emergent Foliar applied, translocated 
Non-selective 

 
FISH MANAGEMENT 

 
Programs to manage fish populations usually are initiated for one of two reasons: 1) to remove 
undesirable species, or 2) to attempt establishment of a desirable balance of game fish.  The 
control techniques used include fishing regulations, mechanical control, biological control, 
chemical control, and various combinations of techniques. 
 

Pestiferous Fish 
 
The introduction of various fish species into new environments (for example, common carp) is 
an old practice.  Quite frequently, introductions adversely impact the environment or the more 
desirable native species already present.  Under such circumstances, plan to eliminate or control 
the undesirable, pestiferous, species. 
 
Control is also desirable when one or more species overpopulate an aquatic environment.  Such 
overpopulations may deplete the food supply or may interfere with the reproduction and survival 
of other species.  Depletion of the food supply may lead to large numbers of small, stunted fish.  
Where predator (game) fish populations are not large enough to control forage fish populations 
(carp, bullheads, perch, suckers), or if forage fish are not harvested, they may reproduce to the 
point of being overpopulated.  Control is essential to maintain a desirable population balance and 
to obtain optimum production. 
 

Types of Control 
 
Fishing Regulations 
 
The goals of fishing regulations include limiting the total harvest of fish, protecting spawning 
fish, and distributing the total catch among more people.  Techniques employed include size and 
creel limits, restricted seasons, and fishing gear restrictions.  If predator (game) fish are 
harvested in excessive numbers or at too small a size, forage fish may overpopulate.  Carefully 
planned and managed regulations on the size and numbers of game fish which can be harvested 
from a given body of water can maintain more and larger predators, thus providing a better 
balanced fish population and also better fishing. 
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Environmental Manipulation 
 
Undesirable species and unbalanced populations can be removed from drainable ponds, lakes, 
and reservoirs by simply draining the body of water.  Desirable species can be restocked in 
appropriate numbers and combinations after refilling the lake or body of water.  Carp can 
sometimes be controlled by dropping water levels rapidly after the carp have spawned in shallow 
areas.  A partial drawdown is sometimes used to force small forage fish to leave the protection of 
shallow, weedy areas, and thus, become vulnerable to predators.  Removing vegetation without a 
drawdown sometimes produces a similar effect. 
 
Mechanical Control 
 
Mechanical methods are often effective in reducing the numbers of fish in overcrowded 
situations.  Mechanical barriers may also be used to reduce the movement of undesirable species 
into new environments or to control normal migrations.  Mechanical devices include seines, nets, 
and traps, as well as weirs and other barriers.  Mechanical devices have the advantage of 
selectivity, since desirable species or size classes can be returned to the water, while undesirable 
fish can be removed. 
 
Mechanical devices are seldom effective in completely eliminating undesirable species.  Some 
individuals invariably escape mechanical devices, grow and reproduce, thereby maintaining their 
presence in the particular body of water.  If complete eradication, rather than partial control is 
desired, draining or chemical toxicants will be more effective. 
 
Chemical Control 
 
Chemical control is used when other control strategies cannot be used to establish desirable 
balances of forage and game species.  Undrainable ponds and lakes sometimes require the use of 
chemicals to kill all fish present before restocking with desired species or combinations of 
species.  Chemicals may also be used to eliminate fish from isolated pockets, backwater areas, or 
inflowing streams where drainage is the principal control method.  In some situations involving 
overpopulations of forage fish, it is possible to establish a desirable balance of fish by treating 
selected areas only. 
 
Rotenone is the only piscicide currently registered for the control of fish populations.  No 
chemical toxicant can be used if the fish are to be used for human consumption.  Rotenone 
readily disperses both laterally and vertically and penetrates through thermoclines, layers in 
water dues to differences in temperature.  Formulations of rotenone include liquids, spray 
powders, and dusts.  Rotenone can be applied to impounded water or streams by air or ground 
applications, depending upon the label. 
 
When liquid toxicants are used, dilute the chemicals sufficiently to assure complete and uniform 
coverage of the area.  Various types of sprayers can be used.  Powered toxicants are normally 
mixed with water to form a paste, which is placed in a cloth sack and towed behind a boat until 
even coverage is achieved.  Backpack sprayers can be useful for liquids if the treatment area is 
remote or inaccessible by boat.  In all cases, use only enough toxicant to kill the target species.  
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An overdose is not only inefficient and uneconomical, but may also lead to unforeseen side 
effects. 
 
For proper application, calculate the area to be treated (volume of water).  Volumes of water are 
usually calculated in acre-feet.  Mix the toxicant completely throughout the body of water for a 
total kill. 
 
When chemicals are used, lower the water level if at all possible.  This reduces the volume of 
water to be treated and also decrease the possibility of an outflow of the toxicant into 
downstream areas.  Any downstream fish kills are the legal responsibility of those who applied 
the chemical.  As the water level recharges, the toxicant will be diluted.  The combination of 
dilution and detoxification should make the toxicant harmless by the time the water level returns 
to normal. 
 
When using a partial treatment, it is important to start the application at the point farthest from 
the shore and seal off the area to be treated with a curtain of fish toxicant.  For example, if a cove 
is to be treated, seal off the mouth of the cove and then work toward shore.  You will minimize 
the escape of fish into deeper, untreated water in this way. 
 
Normal detoxification times vary from a week to a month, depending on different water factors 
(for example, alkalinity, temperature, turbidity).  You can decrease detoxification periods by 
adding chlorine or potassium permanganate to the water.  If outflow cannot be controlled, 
detoxification may be required. 
 
Most piscicide labels have a restock interval intended to protect fish that will be planted into an 
environment where chemical control has been applied.  For rotenone that period is 2 to 4 weeks, 
depending on how quickly rotenone degrades.  To make sure restocking is safe, it is a good 
management practice to put a few fish in wire cages and place them in the water that is to be 
restocked.  Leave them for 24 hours, and monitor survival.  If all the fish survive, the aquatic site 
should be safe for restocking. 
 

MOSQUITO CONTROL 
 

Mosquitoes are an annoyance pest, and some species can transmit disease-causing pathogens.  
West Nile Virus is a virus transmitted from birds to people via a mosquito vector.  Mosquito 
annoyance affects recreation activities and agriculture, both resulting in economic losses.  
Control measures are undertaken to reduce the pool of disease-infected mosquitoes and to reduce 
the annoyance suffered by the public.  Essential to any mosquito control program is a thorough 
understanding of mosquito life cycles, their habitats, proper survey techniques, and effective 
control strategies. 
 

Biology 
 
Mosquitoes are distinguished from other closely related flies (midges and crane flies) by two 
main characteristics: 1) numerous scales on their bodies, wing veins, and wing edges, and 2) 
females have a distinct bloodsucking proboscis.  Mosquitoes undergo complete metamorphosis, 
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developing from eggs to larvae to pupae to adults.  The first three stages are associated with 
water. 
 
Adult males and females feed on plant juices and nectar for maintenance energy.  Male 
mosquitoes do not require a blood meal.  However, female require a sizable blood meal to 
produce viable eggs.  They obtain blood from mammals, birds, reptiles, and other animals.  Some 
mosquitoes are very particular as to the type of animal they will feed on and at what time of day.  
Females live longer than males and produce multiple broods. 
 
Mosquitoes lay eggs either on or near water.  Eggs that are laid on water hatch soon after the 
embryo is fully developed (3 to 4 days), but eggs of some species of Aedes that are laid near 
water will not hatch until the water level rises to them and embryo development is complete. 
 
Larvae, “wrigglers”, must have water for development.  Most have air tubes or siphons near their 
tail by which they acquire air from the water surface, but Mansonia species obtain air from 
plants beneath the water surface.  Larvae feed on algae, bacteria, yeast, fungi, mold, and 
protozoans.  They undergo four developmental molts (shedding of the larval skin) to increase 
their size prior to pupation.  Larval development time largely depends upon food quantity and 
water temperature, and varies from 4 to 10 days.  Almost any type of still water catchment will 
support larval development: saltwater or freshwater marshes, swamps, and margins of ponds or 
lakes.  Larvae can develop in any contained water, such as potholes, ditches, old tires, cans, catch 
basins, and birdbaths, as long as the water is present long enough for development of the 
immature stages. 
 
Pupae, “tumblers”, resemble a comma in shape with a pair of breathing tubes near their head.  
Pupae do not feed, but unlike most insect pupae, remain quite active.  The pupal stage lasts 
around 3 days, depending upon air temperature.  Adults split their pupal skins, emerge, rest on 
the water surface as their skins harden and their wings dry, and then fly away in pursuit of a 
mate. 
 
Water and weather conditions affect mosquito activity and development.  Adults tend to stay 
close to the ground in vegetation and dense shrubbery if the wind is blowing or if the humidity is 
low.  Egg, larvae, and pupae develop faster under warmer water temperatures.  Most species 
produce multiple generations in one year. 
 
According to the American Mosquito Control Association, there are more than 2500 species of 
mosquitoes world-wide; about 200 of these species occur in the U.S.  It is reported that, 
presently, there are 36 species occurring in the U.S. that have tested positive for West Nile Virus.  
The most common carrier is the Northern house mosquito (Culex pipiens).  Other carriers 
include additional Culex species and species in the Aedes genus.  Each of these groups has 
characteristics to distinguish it from the others.  Different species of mosquitoes live in different 
habitats.  Most control procedures are directed against the larval or adult stages.  Applicators 
should be able to associate the more common pest species with their larval habitats, especially if 
control is targeted at the larval stage. 
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Common Mosquitoes and Their Habits 
 
Group           Overwinter As Egg Laid  Larval Habitat  Other Information 
 
Aedes            eggs or larvae singly on ground,  temporary & snow melt most common mosquitoes, 
    or above water level pools, irrigation & flood larval position diagonal to 
    in objects that can water, tree holes, and water surface 
    hold water  artificial containers  
 
Culex           adult females rafts on water  still, stagnant, even  commonly found around  
       polluted water in ponds, cities & towns in  
       catch basins, cisterns, association with humans, 
       artificial containers, etc. larval diagonal to water 
          surface 
 
 

Surveys 
 

One of the most important elements of a successful mosquito control program is a good survey.  
Surveillance is the detection of mosquito problems, species identifications, counts, and location 
mapping.  Surveys provide information for control decisions, such as when to control and what 
method to use for each situation.  The success of control measures can also be determined from 
surveys. 
 
Larval surveys.  Larval surveys furnish data on sources and exact areas of mosquito producing 
habitat, the species present, and their abundance.  Areas should be sampled and mapped.  The 
frequency of surveys will depend upon the time of year.  Usually a dipping ladle is used for 
collections, and then the larvae are identified and counted. 
 
Adult surveys.  Surveys of adults indicate the distribution and abundance of various mosquito 
species at any one time.  Adults are generally monitored by three basic methods: landing counts 
(as they come to bite), light traps, or CO2 traps.  Other methods include traps baited with a bird 
or mammal, daytime mosquito resting stations, and vehicle-mounted net traps. 
 
Landing counts rely upon exposed skin, such as a rolled up pant leg or shirt sleeve.  Record the 
number of mosquitoes that bite during a period of time.  If you need to identify the mosquito 
species for vector potential, capture the mosquito with a vial or aspirator and place it in a kill jar 
(jar containing a cotton swab with ethyl acetate) for later identification. 
 
Most male and female mosquitoes are attracted to light.  Set a light trap 6 feet from the ground in 
an open area near trees or shrubs.  Some species are more readily attracted to CO2.  Strong 
winds, competing light, or smoke will reduce light trap effectiveness.  Collect the mosquitoes 
daily and record the numbers and species collected. 
 

Management and Control 
 

 
Once the surveys are completed and the numbers or species are such that control is warranted, 
choose a control method that would be effective and safe.  The term abatement is used in place 



 

 16

of control for mosquito management, because it is unlikely that complete or long-term control 
will be accomplished.  Abatement programs are designed to reduce the numbers of mosquitoes to 
an acceptable level.  Mosquitoes can be controlled by a number of methods, such as water 
management, mechanical barriers, biological controls, and chemical controls.  Abatement 
programs usually incorporate an integrated approach, using multiple control strategies dependent 
upon each situation. 
 
Water Management 
 
Water management is the most widely used and ecologically sound approach to mosquito 
control.  This method involves many techniques designed to eliminate excess surface water or to 
manipulate water systems.  Four basic principles are involved in water management: 

• Eliminate mosquito breeding habitat: remove excess surface water within 5 days of 
accumulation; clean and replenish troughs, pools, ponds, and birdbaths; cover water 
sources. 

• Prevent water accumulation: maintain drainage ditches and gutters; fill or grade pool-
forming areas; eliminate temporary water containers. 

• Increase the amount of standing water to create a suitable habitat for predacious fish, or 
construct means of access for these fish into and out of breeding sites. 

• Increase the movement of water in the mosquito breeding area, thus creating stress 
conditions for the mosquito larvae and pupae; mosquito larvae cannot tolerate much 
mater movement. 

 
Biological Control 
 
A few organisms feed voraciously on mosquito larvae and pupae.  A top-minnow, Gambusia 
affins, feeds on mosquito larvae.  This mosquito fish is used in ponds and other permanent water 
impoundments.  Refer to individual state regulations before consider the use mosquito fish. 
 
Chemical Control 
 
Larvicides.  Mosquito larvicides are insecticides applied to water for control of larvae.  Extreme 
care is essential when using insecticides to control mosquito larvae.  A continuing survey is 
imperative so applications can be made before population growth exceeds a tolerable level.  
Make applications only to areas where mosquito larvae are present.  Larvae generally live in 
pond or lake margins.  Treat only infested areas.  Sample shortly before conducting control 
measures to be sure larvae are still present. 
 
Most larvicides work by toxic action or suffocation.  Granules release toxicants and are 
extremely useful in very early spring or when spot treating areas with dense foliage.  Oils act by 
either suffocation or lethal larval inhalation.  Oils applied is small amounts are relatively safe to 
other organisms and can be used in sensitive areas, but phytotoxicity can result.  Oil solutions 
consist of an active ingredient mixed with an oil base for more uniform applications.  They do 
not evaporate quickly and are preferred when the applicator depends on drift for coverage.  
Emulsifiable concentrates are designed to be diluted in water; the droplets do not persist in air 
flow as long as oil formulations. 
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Growth inhibitors mimic an insect’s own hormones, resulting in interference with normal 
development.  They tend to be effective only at certain stages of immature development.  
Mosquito larvae exposed to growth inhibitors, at a sensitive period, never develop to the adult 
stage. 
 
Bacillus thuringiensis var. israelensis (Bti) is a species of bacteria that is ingested by mosquito 
larvae.  Its mode of action is the destruction of the midgut, resulting in larval death.  It is 
available in pesticide formulations and can be applied using various application equipment.  The 
mycelium and oospores of Lagenidium giganteum, a fungus, can be used as a larvicide. 
 
Adulticides.  Sometimes larval control cannot be used or is not effective and large populations of 
adults occur.  For instance, if a small town, park, or camp is surrounded by many acres of 
breeding sites, usually larvicides are not an economical management approach.  Sometimes an 
adult mosquito population, which has only been a nuisance, becomes a public health problem as 
a disease vector.  Under these situations various adulticide applications may be necessary, but 
adult control is only short term because the source of the mosquito population is not controlled.  
Adults will return as soon as the larvae and pupae mature. 
 
Two basic application methods used are space and residual treatments.  Space treatments kill 
adults immediately, but only those present.  They are applied as fogs, mists, or fine sprays, and 
they kill insects on contact.  Residual insecticides may provide relief when applied to the stems, 
leaves, and trunks of trees or shrubs, or the walls of houses, where mosquitoes rest.  Residual 
chemicals are contact poisons.  They remain effective for several days, controlling insects that 
land on or crawl over treated surfaces. 
 
Insecticides.  Insecticide groups used for mosquito control include adulticides and larvicides.  
Examples of registered insecticides available include the following: 

• Petroleum distillates which act by inhalation of toxic components through the insect 
respiratory system or by suffocation: oils and oil solutions – (larvicide). 

• Botanicals are classified as contact toxins but do not exhibit lengthy residual activity: 
pyrethrum – (adulticide). 

• Organophosphates inhibit cholinesterase, resulting in over-excitation of the nervous 
system: naled – (larvicide and adulticide), malathion – (larvicide and adulticide), 
temephos – (larvicide). 

• Growth inhibitors disrupt normal development and maturation of immature insects: 
methoprene – (larvicide). 

• Insect pathogens infect the pest, resulting in death: Bacillus thuringiensis var. israelensis 
– (larvicide) and Lagenidium giganteum – (larvicide). 

 
AQUATIC APPLICATIONS 

 
Knowledge of the potential effects of pesticides on humans, plants, fish, birds, insects, and other 
organisms in and around aquatic environments is essential for safe and effective aquatic pest 
control.  Before selecting or using a pesticide, consider the entire aquatic environment – the life 
forms present, potential water usage, and the physical characteristics of the water.  In addition, 
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follow the label directions, paying attention to all precautions and restrictions.  Use the best 
application method to ensure environmental safety. 

• Biological characteristics 
o identify the problem species 
o identify other species present 
o determine pest population density and developmental stages 

• Water-use considerations 
o human use, industrial, irrigation, potable, recreational, fish production, livestock, 

wildlife 
o length of time water can be quarantined 
o amount of and destination of outflow; can it be regulated? 

• Physical aspects of the water 
o size of channel or pond to be treated 
o water depth and movement or velocity 
o water turbidity 
o water temperature 
o water quality 

 
After you analyze all these factors carefully, choose the best control approach.  If using a 
pesticide, consider labeling, safety, effectiveness, selectivity, residues, and cost.  Correct 
application of pesticides to aquatic situations involves equipment selection and calibration, 
treatment type selection, calculation of appropriate water volumes or areas, and proper 
application and timing.  Environmental hazards and potential health problems can result from 
misapplications. 
 
Unlike terrestrial pesticides, which are applied to a stationary, two-dimensional area, some 
aquatic pesticides are applied to an area that has a third dimension, depth, and that usually has 
some degree of motion. 
 

Application Equipment 
 
Application equipment will vary depending on the sites where applications are to be made, the 
pests to be managed, and the pesticide formulation. 
 
All liquid applications are usually made with sprayers, which come in a variety of sizes and 
types.  To treat small areas, use a compressed air sprayer with a hand-operated pump, or a 
sprinkler may be all that is needed.  For large areas, use a boat mounted pump and tank rig, an 
airplane or helicopter with a spray boom, or a ground-rig with a boom system or hand gun.  If 
spraying for weed control, apply only under conditions that minimize the potential for drift.  
Foggers and ULV equipment are used frequently for insecticide applications. 
 
Application of granules is usually much simpler, because the treatment is usually made on an 
area rather than a concentration basis.  Applications are often made through cyclone spreaders or 
by hand (wearing protective clothing). 
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Compressed air sprayers.  One of the most common sprayers for treating small areas is the 1-3 
gallon compressed air sprayer.  The air in the upper portion of the tank is put under pressure by a 
hand pump.  The pressure created forces the spray through the nozzle. 
 
Hydraulic sprayers.  In hydraulic sprayers, the spray mixture is taken into the pump, put under 
pressure, and forced through a nozzle.  In some sprayers, pressures of up to 600 psi may be 
reached.  These range in size from backpack to boat-or truck-mounted models. 
 
Mist blowers.  Mist blowers work somewhat like hydraulic sprayers, but differ in that air carries 
the pesticide to the target.  The tank mix is introduced into a stream of high speed air that carries 
the droplets to the target.  The most commonly used units are backpack models. 
 
ULV.  ULV means “ultra low volume” and with these sprayers the pesticide concentrate is 
introduced into a swirl chamber, where shearing action of the air produces extremely fine 
droplets.  Droplet size is relatively uniform and controllable.  Units range in size from portable 
units to those mounted on aircraft. 
 
Foggers.  Foggers work by breaking up the liquid by mechanical or thermal (heat) means.  Very 
fine droplets are produced, which are highly susceptible to wind and air currents. 
 
Horn seeder.  The horn seeder is comprised of a canvas bag with a tapered, telescoping wand or 
tube located at the front corner of the bag.  It is slung over the shoulder.  Granules are released as 
the operator’s arm and wand move in a horizontal motion.  Application rates can be adjusted by 
opening the base of the wand or by changing the speed at which the applicator walks. 
 
Cyclone-type spreader.  These are manually operated.  Cyclone spreaders are cylinders with an 
adjustable slot in the base, through which granules fall onto a rotating disk.  Granules are 
dispersed by centrifugal force.  This disc is rotating by gears that are activated by turning a crank 
handle.  The rate of dispersal may be altered by controlling the size of the slotted opening or by 
changing the forward speed of the applicator. 
 
Blower-type spreaders.  Power-assisted, blower-type granular applicators have feed tubes that 
meter the granules into the blast of an air blower.  The speed of the air blast ranges from 75 to 
150 mph.  Spreaders range in size from backpack to truck-mounted.  Similar blower-type 
spreaders are placed on helicopter delivery systems, since the air movement is too small for 
adequate dispersal of the granules.  In fixed-wing aircraft, where the payload is greater, ram air-
type spreaders are used that require only the air being driven back by the propeller. 
 
Aircraft.  Liquid spray or granular systems (for example, spray boom, spreaders, ULV), which 
can be mounted on either fixed-wing or rotary-wing aircraft, make applications to large or 
otherwise inaccessible areas quite easy. 
 

Treatment Types and Calculations 
 

Aquatic pesticides can be applied to four different zones in a body of water, depending on the 
location of the pest. 
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Surface/subsurface Treatment 
 
Surface treatments simply treat the water at the surface to control only those weeds and insects at 
the water surface.  You may also use subsurface application through injection hoses which a boat 
pulls through the water.  Surface area measurements are the base for surface and subsurface 
applications.  Applications can be made by air, ground, or by boat.  These applications are 
usually made with boom sprayers.  Surface and subsurface injection treatments are easier and 
more effective when you use large volumes of liquid carrier. 
 
Surface area of odd shaped ponds or lakes sometimes can be cumbersome.  Break the pond up 
into smaller units from which area measurements are more easily made. 
Generally, you should treat only one-fourth to 
one-third of the total water surface area with  
herbicide at a time.  This helps protect fish by 
limiting vegetative decomposition than can 
cause a shortage of oxygen.  
 
Total Water Volume Treatment 
 
A whole body of water is sometimes treated  
for aquatic weed, fish, or insect control.  When 
making total water volume treatments, you  
must calculate the volume of the water to be 
treated.  The water volume unit most commonly 
used in pesticide labels is the acre-foot. 
Acre-feet of water = surface acres of water x 
average water depth in feet.  If the pond to be 
treated is approximately 8.6 surface acres and 
the average depth is 2.4 feet, the pond would  
consist of 8.6 acres x 2.4 ft. = 20.6 acre-feet 
of water. 
 
Some aquatic pesticide labels require the user to calculate the amount of pesticide necessary to 
establish a lethal concentration in a body of water.  The pesticide concentration is sometimes 
expressed in “parts per million” (ppm).  The concentration is measured in terms of the weight of 
the pesticide vs. the weight of the water.  
 
If, for example, the required concentration for control of a specific pest is 2 ppm of the pesticide 
formulation, apply the product at a rate of 2 pounds of product to 1 million pounds of water in 
the area to be treated.  An acre-foot of water weighs 2.7 million pounds.  If you dissolve 2.7 
pounds of the product in 1 acre-foot of water, there will be a concentration of 1ppm (by weight).   
 
 
 

Surface Area Treatment Formulas 
 
Rectangle:   Length x Width 
Triangle:  1/2 Base x Height 
Circle:   Radius2 x 3.14  
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To determine the material needed to obtain a desired ppm concentration, use the following 
formula: 
 
  (2.7) x ppm wanted) x (acre-feet) = pounds of product required 
 
For example: You want to treat a 5.6 acre pond having an average depth of 5 feet.  The 
   concentration required, as stated on the herbicide label, is 0.5 ppm. 
 
  First – Determine the acre-foot volume of the pond: 

• 5.6 acres x 5 feet = 28 acre-feet 
 
Second – Calculate, using the formula, how much product you need: 

• (2.7) x (0.5 ppm desired) x (28 acre-feet) = 37.8 or 38 pounds 
of product. 

 
Bottom Layer Treatment 
Treating the deepest 1 to 3 feet of water is especially useful in deep lakes, where it is impractical 
and too costly to treat the entire volume of water.  Such treatments are generally made by 
attaching several flexible hoses at 3 to 5 foot intervals on a rigid boom.  Each nozzle is usually 
equipped with some type of nozzle at the end.  They way be weighted to reach the depth desired.  
The length of hose and speed of the boat carrying the application equipment also affect the depth 
of application.  For successful bottom treatments, applying the herbicide as a “blanket” in the 
lower 1 to 3 feet of water.  Calculations for bottom treatments are similar to those for surface 
treatment, that is, amount product per bottom acre. 
 
Canal or Ditch Water Treatment 
 
Treating water flowing through an irrigation ditch depends upon water volume and its flow rate.   
Water volume is measured by the average width of the canal multiplied by the average depth of 
the canal.  Water velocity is usually expressed as distance water moves per unit time, such as 
“feet per second” (fps) or “feet per minute” (fpm).  Determine the flow rate of the canal or 
stream by multiplying the water volume by the water velocity: 
  
 Flow Rate  = (average depth) x (average width) x (feet per sec. or feet per min.) 
   
   = cubic feet per second (cfs) or cubic feet per minute (cfm) 
 
Labels generally state the application rates in ppm, either by volume (ppmv) or by weight 
(ppmw).  Several additional calculations are necessary to determine ppm equivalent application 
rates: 
 

►  First, convert flow rates from cubic feet per second (cfs) to cubic feet per minute 
  (cfm) by multiplying by 60 seconds 
  Example: 
     16.6 cfs x 60 sec per minute = 1,000 cfm 
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 ►  Second, convert cubic feet of water per minute to volume (gallons) or weight  
(pounds) of water per minute, depending on whether the label is based on ppmv 
or ppmw, respectively. 

►  One cubic foot of water is equal to 7.5 gallons 
 Example: 
    A flow rate of 1,000 cfm = 7,500 gallons 

(1,000 cfm x 7.5 gallons per cfm = 7,500 gallons) 
 
 ►  One cubic foot of water is equal to 62.4 pounds 
  Example: 
     A flow rate of 1,000 cfm = 62,400 pounds 
    (1,000 cfm x 62.4 pounds per cfm = 62,400 pounds) 
 

 ►  Third, convert the application rate in ppm to its decimal equivalent. 
  Example: 
   ►  Desired ppm concentration, as specified on the label, is 1500 ppm,  

therefore divide 1500 by 1,000,000. 
    

         1500/1,000,000 =  0.0015 
 
 ►  Fourth, multiply the decimal equivalent by the flow rate – gallons per minute or  

pounds per minute – to determine the amount of product needed. 
 ►  Labeled product based on “volume”: 
  Example: 
     0.0015 x 7,500 gallons per min. = 11.25 gallons product 
 
 ►  Labeled product based on “weight”: 
  Example: 
     0.0015 x 62,400 pounds per min. = 93.6 pounds product 

 
Example #1: The label of a liquid formulation directs you to apply the product at a rate that will  

provide a product concentration of ppmv.  The label also states that this 
concentration must be maintained for 15 minutes.  Your application will be made 
to an irrigation canal that is 5 feet wide and 3 feet deep, on average, with a flow 
rate of 1 foot per second. 

 
  How many gallons of this herbicide must be applied per minute to achieve a  

concentration of 500 ppm, and how many gallons of the product will be needed to  
maintain the concentration for 15 minutes? 

 
  Steps to follow: 
 

 Determine water flow rate: 
  5 feet wide x 3 feet deep x 1 foot per second rate = 15 cfs 
 
   Convert to flow rate to cfm: 
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  15 cfs x 60 seconds = 900 cfm 
 

  Determine the flow rate in gallons per minute: 
 900 cfm x 7.5 gallons per cfm = 6,750 gallons of water per minute 
 

  Determine the amount of herbicide needed to achieve the desired  
concentration (500 ppm – as stated on the label) in the canal that is  
flowing at the determined flow rate (6,750 gallons per minute). 
 
 First, convert the concentration rate (500 ppm – as stated  

on the label) to decimal equivalent: 
500/1,000,000 = 0.0005 
 

     Second, multiply that value (0.0005) times the determined 
      flow rate (6,750 gallons per minute). 
      0.0005 x 6,750 gallons = 3.375 gallons herbicide 
     Since you know how much herbicide you will need to treat for one  
    minute (3.375 gallons), determine the amount need to teat for the  
    entire length of time by multiplying the amount needed for one 

minute (3.375 gallons herbicide) times the length of time stated (15 
minutes). 

     3.375 x 15 minutes = 50.625 gallons herbicide need 
 
Example #2: A concrete lined irrigation canal has an average flow rate of 150 cubic feet per 

second.  The label of the herbicide directs the application should be at 5 ppmw 
for 1 hour.   
 
How many pounds of herbicide will be needed per minute over the hour period? 
 

  Determine flow rate per minute: 
 150 x 60 seconds per minute = 9,000 cfm 
 

  Determine weight of water per minute: 
 9,000 cfm x 62.4 lbs. per cubic ft. = 561,600 pounds/minute 
 

  Convert concentration, as stated on label, to decimal equivalent: 
 5 ppm/1,000,000 = 0.000005 
 

  Multiply decimal equivalent times flow rate per minute (weight basis): 
 0.000005 x 561,600 pounds/min. = 2.8 pounds herbicide per min. 
 

  Determine total amount of herbicide needed to complete the task: 
 2.8 pounds herbicide per min. x 60 minutes = 168 pounds  

herbicide need for the task 
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Pesticide treatments of flowing water can be very complex.  The problems are often compounded 
by the fact that the quality and quantity of instructions on aquatic pesticide labels are quite 
variable.  Some labels provide complicated but comprehensive instructions, while other labels 
off a minimum of instructions on application procedures.  If you are not certain how to apply or 
how much to apply, please contact the chemical supplier for additional information. 
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