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Rotenone Use in Fisheries Management: Administrative and Technical Guidelines Manual was
made possible by funds provided in December 1997 by the U.S. Fish and Wildlife Ser-
vice, Division of Federal Aid (Administrative Grants AP98-012), and requested by the
American Fisheries Society’s Task Force on Fishery Chemicals in a proposal entitled the
“Rotenone Stewardship Program.” This manual was written to detail the proper use of
rotenone for fish biologists and fishery managers in the United States and Canada and
has been distributed to fish and wildlife agencies in the United States and Canada.
More specifically, the objectives of this manual are to (1) promote the continued safe
and effective use of rotenone as a piscicide and as a sampling tool of fish populations
and (2) make specific recommendations for the administrative and technical procedures
for rotenone applications that will ensure continued availability of this valuable fish
management tool. Information is provided on planning and executing a treatment project
and for addressing issues identified by fish biologists in a survey conducted by the
authors of this manual.

Despite the importance of rotenone in fisheries management, its continued avail-
ability and use are uncertain. The majority of rotenone treatments have occurred with-
out incident. However, a small number of treatments have generated widespread pub-
lic controversy. As more demands are placed on water bodies and the public becomes
more environmentally aware, fisheries professionals must respond with guidelines for
using rotenone prudently with minimal impacts. The authors of this manual believe
that most of the incidents with rotenone could have been avoided if the responsible
agency had (1) garnered more public input and support prior to the treatment and not
been in an adversarial role with the local community, (2) done a better job of implement-
ing the treatment with appropriate procedures and qualified personnel, and (3) provided
better technical, administrative, legal, and political support after the treatment. The manual
focuses on correcting these three deficiencies, recognizing that, if left uncorrected, these
will eventually result in the loss of this critical management tool.

The manual is divided into six sections that provide information on the follow-
ing topics:

Section 1, Introduction, contains (a) background information on rotenone, (b) the
history of rotenone use in fisheries management in the United States and Canada, (c) roten-
one use in controlling and eradicating populations of fish, (d) advantages and limitations of
rotenone and other control methods, (e) rotenone use in sampling fish communities, (f)
advantages and limitations of rotenone and other sampling methods, (g) current legal and
environmental constraints on rotenone use in fisheries management, (h) status of registra-
tion, and (i) an explanation of terminology and glossary of terms.

EXECUTIVE SUMMARY

xi
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Section 2, Administrative Procedures, contains a stepwise scheme for (a) pre-
liminary planning, where the project concept is developed and public input and accep-
tance are initiated to assess the resources needed, (b) intermediate planning, where an
environmental analysis refines the project and pubic acceptance is gained, (c) imple-
mentation and management, where project-specific work plans are developed, and (d) per-
forming the treatment. Other important issues discussed include the value of using fish-
eries management plans for water bodies and species, techniques for gaining public
input and acceptance of rotenone projects, and techniques for managing crises.

Section 3, Technical Procedures, contains information on (a) techniques and equip-
ment (including application charts) for treatment of ponds, lakes, and reservoirs,
(b) techniques and equipment (including application charts) for treatment of streams
and rivers, (c) safety for applicators using liquid and powder formulations, (d) moni-
toring procedures for air, water, and sediment, (e) neutralization procedures for roten-
one, and (f) fish collection and disposal. This section also contains the latest rotenone
labels and monographs and numerous photographs and diagrams of application equip-
ment and techniques.

Section 4, Project Assessment, contains recommendations for assessing the short-
and long- term success and impact of a rotenone treatment.

Section 5, Issues and Responses, contains answers to common popular ques-
tions about rotenone use. This stand-alone section contains general information and
data on the impact of rotenone on public health, environmental quality, and fish and
wildlife. References are provided at the end of this section (as well as in Section 6) so the
entire section can be independently duplicated and distributed to the public. This sec-
tion will be updated annually on the AFS web site.

Section 6, References, contains full citations on the literature cited in the text.
Mention of trade names or commercial products does not constitute endorse-

ment or recommendation for use. The manual was intended to provide fishery profes-
sionals with guidelines for rotenone use, and these views do not necessarily reflect
those of the American Fisheries Society, the U.S. Fish and Wildlife Service, or the indi-
vidual employers of the authors.

The Rotenone Stewardship Program also includes a public information program
to educate the public on the benefits and risks of rotenone use and an electronic infor-
mation system for fisheries biologists that will provide up-to-date information on cur-
rent use restrictions, experts on the use of rotenone, important issues and solutions, and
the registration status of rotenone.

xii
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AF acre-feet
AFS American Fisheries Society
CDFG California Department of Fish and Game
EA environmental assessment, environmental analysis
EIS environmental impact statement
FEPCA Federal Environmental Pesticide Control Act
FMP fisheries management plan
FONSI finding of no significant impact
GPS Global Positioning System
GCMS gas chromatograph/mass spectroscopy
HPLC high performance liquid chromatography
ICS incident command system
KMnO4 potassium permanganate
NEPA National Environmental Policy Act
NOEL no observable effect level
OSHA Occupational Safety and Health Administration
PBO piperonyl butoxide
PCPA Pest Control Products Act
PEL permissible exposure limits
PIP public involvement plan
PMRA Pest Management Regulatory Agency (Canada)
ppb parts per billion (equivalent to �g/L or �g/kg)
ppm parts per million (equivalent to mg/L or mg/kg)
semiVOC semivolatile organic compounds
SNARL suggested no-adverse response level
TCE trichloroethylene
UDWR Utah Division of Wildlife Resources
UMESC Upper Midwest Environmental Sciences Center
USEPA U.S. Environmental Protection Agency
USFWS U.S. Fish and Wildlife Service
USGS U.S. Geological Survey
VOC volatile organic compounds

COMMON

ABBREVIATIONS

xiii
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INTRODUCTION

Fisheries managers rely on a wide variety of tools for the management
and assessment of fish populations to maintain diverse and productive
aquatic ecosystems and quality recreational fisheries. One of the most
valuable tools is the piscicide, rotenone. Piscicide application is the only
method that can completely eradicate undesirable fish communities or
accurately sample a portion of the entire fish population, including all
species. Despite the ongoing need for rotenone, its continued use remains
uncertain. Over the past several years, the use of rotenone has become a
concern to environmental and animal rights groups. As a result, its use
has been challenged, halted, or discouraged (B. Finlayson and R. A.
Schnick, American Fisheries Society proposal for the use of Federal Aid
Administration funds to the U.S. Fish and Wildlife Service, unpublished,
1996).

The objectives of this manual are to (1) promote the continued
safe and effective use of rotenone as a piscicide for sampling or control-
ling fish populations; and (2) make specific recommendations for the
administrative and technical procedures for rotenone applications to
ensure the continued availability of this valuable fish management tool.

Rotenone is found in Australia, Oceania, southern Asia, and South
America as a naturally occurring substance derived from the roots of
tropical plants in the bean family (Leguminosae) including jewel vine
(Derris spp.) and lacepod (Lonchocarpus spp.). Rotenone has been used
for centuries to capture fish in areas where these plants are naturally
found. Fisheries managers in North America began to use rotenone for
fisheries management in the 1930s. The piscicide was applied first to
ponds and lakes, and then to streams in the early 1960s for either com-
plete or partial reclamation (Schnick 1974). Rotenone was initially used
in various powdered forms until wettable pastes and emulsifiable for-
mulations were developed that acted faster and were easier to handle
and dispense. By 1949, 34 states and several Canadian provinces were
using rotenone routinely for the management of fish populations (Solman

1
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1950; Lennon et al. 1970). Rotenone is also used to sample fish popula-
tions for management purposes and to act as a natural insecticide for use
on crops and livestock. Humans have taken rotenone orally to control
intestinal worms (Haley 1978).

In 1993, the American Fisheries Society (AFS) recognized a need
to respond to increased concerns about rotenone use from environmen-
tal and animal rights groups. Response information was needed to supple-
ment a U.S. Fish and Wildlife Service (USFWS) brochure developed by
Sousa et al. (1987a). This recognition led to a proposal for a “Rotenone
Stewardship Program” from the AFS Task Force on Fishery Chemicals to
the USFWS Division of Federal Aid to use administrative funds for the
preparation and production of a manual on rotenone use by fisheries
managers (Finlayson and Schnick, unpublished). The proposal was se-
lected for two years of funding by USFWS on 2 December 1997.

1.1 CONTROL OR ERADICATION OF FISH POPULATIONS BY

PISCICIDES

As many as 30 piscicides have been used extensively in fisheries man-
agement in the United States and Canada since the 1930s, but only four
are currently registered for general or selective fish control or sampling.
These products include the general piscicides, antimycin and rotenone,
and the lampricides, Lamprecid®  and Bayluscide® . Rotenone is the most
extensively used piscicide in the United States (Cumming 1975).

1.1.1 Reasons for controlling or eradicating fish populations

Fisheries managers may decide to use rotenone when fish communities
have been disrupted by human activities (e.g., physical manipulations
of natural waters, effects of pollution on natural production of fish spe-
cies, demand for recreational fisheries, and introduction of exotic species
into surface waters). Only piscicide applications or complete dewatering
can eradicate entire populations of undesirable fish (Schnick 1974).

The careful and professional use of piscicides in the United States
was stimulated by the passage of the Dingell-Johnson Act in 1950 (Fed-
eral Aid in Sport Fish Restoration), establishment of the Cooperative Fish-
ery Unit program in 1960, publication of training and manuals in the
1960s and 1970s, and development of sophisticated application equip-
ment (Lennon et al. 1970).

The primary reasons for piscicide use have changed. Originally,
piscicides were mainly used to control undesirable fish populations so
that sport fish could be stocked and managed for recreational purposes
in lakes, ponds, and streams without competition, predation, or other
interference by the undesirable fish (Lennon et al. 1970; Finlayson and
Schnick, unpublished). Today, the most frequently reported uses (in or-
der of the amount of active ingredient used) are (1) control of undesir-
able fish to support recreational fisheries, (2) eradication of exotic fish,
(3) eradication of competing fish species in rearing facilities or ponds, (4)
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quantification of populations of aquatic organisms, (5) treatment of drain-
ages before initial reservoir impoundment, (6) eradication of fish to con-
trol disease, and (7) restoration of threatened or endangered species (see
Appendix A).

1.1.2 Alternative control methods
(Adapted from CDFG 1994)

Other methods for reducing or controlling fish communities include (1)
use of a piscicide other than rotenone (antimycin registered as Fintrol®  is
the only other piscicide registered for general use in the United States),
(2) modification of angling regulations (i.e., modifications to promote or
favor overharvest), (3) physical removal techniques (e.g., nets, traps, or
electrofishing), (4) biological control techniques (i.e., predators, intraspe-
cific manipulation, pathological reactions), (5) dewatering or water fluc-

Piscicide—rotenone •Except for dewatering, only control •Temporary loss of potable water
method for complete eradication of fish supplies and recreational opportunities
populations •Temporary effects on aquatic habitat
•Can be applied to achieve spatially and nontarget species (e.g.,
selective eradications zooplankton, newts)
•Can be used in large river systems •Can be repellent
•Rapid results •Does not kill fish eggs until the
•Controls all post-embryonic life stages shell ruptures at hatching

Piscicide—antimycin •Except for dewatering, only control •Not registered in every state
method for complete eradication of fish •Limited availability and history
populations •Not effective at high pHs (>8.5)
•Controls all post-embryonic life stages •Does not kill fish eggs until the shell
•Can be selective by species ruptures at hatching
•Nonrepellent •Temporary loss of potable water
•Rapid results supplies and recreational opportunities

•Temporary effects on aquatic habitat
and nontarget species
(e.g., zooplankton)

Modifications of •Generally publicly acceptable •Usually slow
angling regulations •Low cost •Angler pressure inadequate

•Utilization as food •Often ineffective
•Many species not vulnerable
to angling

Physical removal •Publicly acceptable •Need high exploitation rates
techniques (nets, •Juveniles and other game fish fill void
traps, or electrofishing) •Expensive and labor intensive

•Potential escapement
•Benefits are of short duration

Biological control •May be low cost •Limited success in maintaining
techniques predator populations
(predators, intraspecific •Difficulties with techniques

Table 1.1 Advantages and limitations of control methods.

Type of control Advantages Limitations
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tuation techniques, (6) streamflow augmentation techniques (e.g., create
water temperatures or current conditions that negatively impact the spe-
cies to be reduced or that favor species that will prey on the undesirable
species), (7) fish barriers (i.e., protect against entry by undesirable fish),
and (8) explosives for flowing waters and impoundments. Advantages
and limitations of these techniques are presented in Table 1.1.

1.2 SAMPLING FISH POPULATIONS

(Adapted from Davies and Shelton 1983)

The main reason to sample fish populations is to determine the structure
and dynamics of sport fish populations. One technique for sampling fish
populations is the application of rotenone to sections of a water body.
Fisheries managers gain biological information concerning the entire fish
community by blocking off and treating representative areas within a
water body with rotenone.

Rotenone sampling can help estimate (1) standing crop, (2) bio-
mass, (3) total number of species present in a body of water, (4) relative
abundance of year-classes, (5) size distribution of fish species or popula-
tions, (6) age and growth, and (7) predator– prey dynamics. Rotenone
application can also be used to (1) investigate the relationships between
fish communities and habitat characteristics, (2) build models for fisher-
ies management, and (3) obtain information unavailable from other meth-
ods of sampling.

Table 1.1 continued.

manipulation, and •Unpredictable results
pathological reactions) •Inability to control introduced

pathogens
•Legal concerns

Dewatering and •Except for piscicides, only control •Water remains in same pools and
water fluctuation method for a complete eradication stream sections
techniques of fish populations •Can be detrimental to game fish

•May be low cost •Environmentally disruptive

Streamflow •May be publicly acceptable •Need for controls to change flow
augmentation •Easy to implement •Water rights issues
techniques •Multiple-use conflicts

Fish barriers •Upstream barriers remain in place to •Not effective against downstream
have long-term advantages migration of all fish

•Possibly not effective under flood
conditions
•High cost

Explosives •Low cost •Generally cannot eliminate entire
•Effective in small areas populations

•Could impact dam integrity
•Hazardous to humans and nontarget
organisms
•Resistant species

Type of control Advantages Limitations
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Rotenone •Sample entire fish community •Most fish will be sacrificed
•Low species and size selectivity •Public relations problems
•Not dependent on diel behavior •Sample size problems
changes •Limited by water temperature,
•Effective for shallow-water water depth, wind, vegetation,
sampling wave action, currents
•Effective in large streams where •Estimates can be limited by
other techniques do not work predation: birds, alligators,
•Standard area calculations of turtles, other fish
standing crop and biomass •May be biased toward area

that can be sampled

Electrofishing •Most sampled fish can be •Limited by water depth, flow,
released live after biological water clarity, temperature,
information is obtained conductivity, and weather
•Certain species are extremely •May be limited by diel activities
vulnerable to sampling with of certain species
electricity •Not effective on scaled fish
•Effective in shallow water at depths of >2 m
•Can do many samples in a •Can be species and size selective
short period of time •Escapement of fish at edge of
•Can target species or size-classes electric field
•Can sample diet of fish species •Can be hazardous to

electrofishers
•Post-sampling mortalities can
be high in fish

Nets •Some sampled fish can be •Limited by water depth,
released live after biological substrate, current, weather,
information is obtained vegetation,  gradient, etc.
•Can get total area standing crop •Species and size selective
estimates of certain species with •Net avoidance or escapement
certain gears (e.g., seines) •Can be time intensive
•Can target specific species or •Estimates can be limited by
size-classes predation: birds, alligators,
•Passive nets can fish for extended turtles, other fish
periods of time •Can become clogged with

debris

Explosives •Low cost •Could impact dam integrity
•Hazardous to humans and
nontarget organisms

Underwater observations •Can observe fish without capture •Limited by water clarity, habitat,
and sampling •Can determine behavior, habitat depth, etc.

preferences, abundance, etc. •Avoidance or changes in
•Can observe fish community as behavior in areas occupied by
a whole in area sampled observers

•Can be species and size
selective
•Limited by amount of area
to be sampled

Table 1.2 Advantages and limitations of sampling techniques.

Type of sampling Advantages Limitations
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1.2.1 Sampling techniques

Other sampling techniques include (1) electrofishing, (2) nets (e.g., gill,
trammel, hoop, trap, cast, lift, seine, trawl), (3) explosives, (4) underwa-
ter observations and sampling using scuba gear or snorkeling, (5) hook
and line (e.g., trotlines, rod and reels, limb lines), and (6) hydroacoustics.
Table 1.2 presents advantages and disadvantages of these methods.

1.3 CURRENT LEGAL AND ENVIRONMENTAL CONSTRAINTS

The U.S. Environmental Protection Agency (USEPA) has approved the
use of rotenone formulations to control and sample fish populations in
lakes, ponds, reservoirs, and streams. Rotenone also has a long history
of use as a general insecticide for treatment of agricultural crops and
livestock. The powdered and liquid formulations of rotenone are desig-
nated by USEPA as restricted-use pesticides due to their aquatic toxicity
and potentially adverse effects on humans through inhalation. The pow-
dered rotenone formulations are further designated for restricted use
due to their acute oral toxicity. See samples of rotenone labels in this
manual for details.

Only certified pesticide applicators employed by state, federal,
and provincial natural resources agencies or private persons with per-
mits issued by these agencies after proper consultation and licensing can
use rotenone formulations. Rates of application must correspond to
ranges specified on the label. Other restrictions on rotenone use include
(1) proper disposal of unused products and containers, (2) prohibited
use of fish killed by rotenone application for food or feed, (3) prohibited
use of water treated with rotenone to irrigate crops, and (4) prohibited
release of treated water within one-half mile upstream of potable water
or irrigation water intakes in a standing body of water such as a lake,

Table 1.2 continued.

Hook and line •Fish can be sampled and •Species and size specific
released live after biological •Sample size may be a problem
information is obtained •Weather dependent
•Can target specific species and •Dependent on fishes’ strike
size-classes  reaction
•Can get volunteers to supply •Gear bias
fish for data collection

Hydroacoustics •Sample large volumes and areas •Need calm water
of water rapidly •Need concurrent netting
•Data can be processed rapidly •No data from surface to 2 m
by computer deep
•Less expensive and labor intensive •Not effective in shallow lakes

or depths <2 m
•Expensive equipment
•Fish size limitations

Type of sampling Advantages Limitations
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pond, or reservoir. Prohibited uses of rotenone-treated water refer only
to water intakes where water is being taken directly from the treated
water body and not where alternative water supplies are provided to
municipalities during and after the treatment until rotenone has dissi-
pated. Waters or fish containing rotenone residues cannot be consumed
because USEPA has not established residue tolerances (i.e., residue con-
centrations in water or food consumed by humans that are permitted
and considered safe by regulatory agencies), not because there is a threat
of toxicity to consumers at the rotenone concentrations present in fish
flesh or water after typical applications. The USEPA issued a statement
concluding that rotenone use for fish control does not present a risk of
unreasonably adverse effects to humans and the environment. Swim-
ming is not allowed in rotenone-treated water until the application has
been completed and all the rotenone has been thoroughly mixed into the
water. Inclusion of this reentry statement in the “Directions for Use” but
not in the “Precautionary Statements” on the label indicates that USEPA
is not concerned about human exposure to rotenone in the water.

The irrigation prohibition is intended to prevent irrigation of crops
with water that contains detectable levels of rotenone. Several states have
adopted the policy that rotenone-treated water will not be allowed to
enter irrigation systems or potable water supplies until rotenone con-
centrations are undetectable. The policies of many state natural resources
agencies require notification of all municipal and private potable surface
water suppliers within the treatment area to advise switching to alter-
nate water supplies. An alternative is to apply potassium permanganate
during the application period to remove rotenone (Horton 1997). The
USEPA has not established a tolerance for rotenone in potable water;
however, the estimated safe level (4– 14 �g/L) in potable water approxi-
mates the analytical detection limit of 5 �g/L rotenone (MDNR 1993). In
Canada, provincial procedures and policies vary from requiring a per-
mit to dealing with applications on a case-by-case basis. British Colum-
bia requires a permit from Agriculture Canada, which is the final au-
thority in pesticide registration (see Section 1.5.3). The British Columbia
procedures manual mandates provision of an alternate water supply to
residents who use a treated body of water as a primary source of potable
water (Province of British Columbia 1993).

If a treatment project is supported by federal or state funds, re-
quires permits, or impacts lands in the United States, an environmental
assessment that describes impacts and potential mitigation is generally
prepared by the affected agency.

The AFS Rotenone Task Force strongly recommends that fisher-
ies managers carefully read and follow all the label instructions in all
treatment projects. Treatments involving irrigation and potable water
supplies require careful effort to determine appropriate application meth-
ods if detailed instructions are not delineated on the label.

The AFS Rotenone Task Force recommends that public access be
restricted in those areas where applications occur. During the applica-
tion of rotenone, public use of treated waters should be discouraged when
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practical to ensure the protection of the public from injury by equipment
or activities and protection of personnel from harm associated with in-
teraction with the public.

1.4 PUBLIC CONCERNS AND PUBLIC INFORMATION

The AFS Rotenone Task Force recommends close interaction between
the public and the fish and wildlife agency using rotenone to ensure that
public concerns are adequately addressed (see Section 2). Over the past
several years, rotenone use has been temporarily prohibited or limited
in several states and provinces (e.g., California and Michigan) as a result
of the actions by different activist groups. Killing fish by any means is
increasingly a concern to certain environmental and animal rights groups.
Future uses of rotenone, even for small projects, are now threatened in
several states and provinces. Often, small projects generate the greatest
controversy.

Recent concerns expressed by special interest groups include (1)
hazards from the inert ingredients in the rotenone formulation, (2) pub-
lic health impacts, (3) impacts of other chemicals in the formulations
including synergists and solvents, (4) contamination of surface and
ground waters with rotenone and other chemicals, and (5) impacts on
nontarget aquatic organisms, birds, and mammals (Finlayson and
Schnick, unpublished). The product label does not address these specific
issues because some issues are emerging and much of this information is
subject to need based on site-specific environmental, sociological, bio-
logical, and economic concerns and considerations. Rotenone can only
be applied by licensed pesticide applicators, some of whom receive little
or no training related to aquatic applications. Many of these issues are
addressed in Section 5.

A public information program is crucial to educate the public on
the benefits and impacts of rotenone use; however, dispelling fears may
not always be possible. As more demands are placed on the continent’s
bodies of water and the public becomes more environmentally aware,
there will be a need to respond with information on how rotenone is
being used with minimal impacts.

In a 1998 survey of natural resources agencies in the United States
and Canada, many agencies reported on public concerns and expressed
the need for information on the following items (in order of frequency
mentioned): (1) collection and disposal of dead fish; (2) impact of roten-
one and other ingredients on public health; (3) impact of rotenone and
the other ingredients on surface and groundwater quality; (4) adequate
public notification and education; (5) impact of rotenone on animal wel-
fare— fish; (6) impact of rotenone on animal welfare— wildlife; (7) im-
pact of rotenone on invertebrates; (8) rotenone residues in fish; (9) liabil-
ity and property damage; and (10) impact of rotenone and other
ingredients on air quality (see Appendix A).

The most important issues facing natural resources agencies us-
ing rotenone to manage or sample fish populations are public accep-
tance and understanding. Public acceptance issues include use of chemi-
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cals in water and killing fish. Specific issues related to the lack of public
understanding include a lack of familiarity with management decisions,
project purposes, and beneficial uses of rotenone to restore or sample
fish populations (see Appendix A).

Colleges and universities that offer fisheries management courses
are also interested in obtaining more information on proper rotenone
use. Forty-one schools responded to a survey of 75 schools listed in Fish-
eries Programs and Related Courses at North American Colleges and Universi-
ties (available from AFS); only one did not provide a fisheries manage-
ment course or teach about rotenone. When asked whether their courses
covered use of fish chemicals, the schools responded as follows: (1) 21
covered the subject in detail; (2) 11 discussed it briefly as part of one
lecture; (3) 3 reported they barely mentioned the subject; and (4) 5 did
not mention the use of fish chemicals. When asked how much time was
devoted to the safe use of rotenone, schools responded in the following
manner: (1) 4 schools indicated that they devoted up to two lectures as
well as field trips to watch the chemical applied; (2) 7 gave the subject
one lecture (about 1 h); (3) 10 spent one-half a lecture on the topic; (4) 8
gave the subject less than one-half a lecture; and (5) 12 indicated that the
subject was not covered.

1.5 REGISTRATION AND REREGISTRATION STATUS

Legal use of piscicides (i.e., any pesticides) requires their registration in
the United States or Canada. The USEPA and the Canadian Pest Man-
agement Regulatory Agency (PMRA) currently have jurisdiction and
authority over the registrations of piscicides in their respective coun-
tries. State and provincial governments may have additional registra-
tion or use requirements. Check with these authorities before any appli-
cation.

1.5.1 U.S. Environmental Protection Agency

The USEPA and its predecessor, the Pesticide Regulation Division of the
U.S. Department of Agriculture, intensified the regulation of piscicides
in the last 35 years. The U.S. Congress passed major amendments to the
Federal Insecticide, Fungicide, and Rodenticide Act in 1972 and 1988
that had dramatic impacts on the development and registration of all
pesticides, especially those used on minor crops (e.g., fish populations)
that have low sales volume compared to registration cost. The 1972
amendment known as the Federal Environmental Pesticide Control Act
of 1972 (or FEPCA) required that all pesticides be registered for each use
and reclassified and that USEPA develop regulations including certifica-
tion requirements for pesticide applicators (USEPA 1973). These new re-
quirements for registration were expensive. The annual use of aquatic
pesticides is limited and chemical companies have minimal interest in
registering aquatic pesticides because of low economic returns for the
specialized use. As a result, registrants often offer no support or refuse
to give the federal government authorization to proceed with registra-
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tion of a pesticide for aquatic use even though the product is effective.
The reregistration of rotenone for piscicidal use depended upon help
from interested public sources.

1.5.2 U.S. Fish and Wildlife Service and the U.S. Geological
Survey

Currently, only four piscicides are registered by USEPA or are in the pro-
cess of reregistration (Joint Subcommittee on Aquaculture 1994): roten-
one, antimycin, Lamprecid® , and Bayluscide® . The registrations and their
maintenance have been possible only through federal funding by the
U.S. Fish and Wildlife Service (USFWS) and U.S. Geological Survey’s
(USGS) Biological Resources Division (formerly the research division of
USFWS).

Rotenone was first registered in 1947 in the United States by S. B.
Penick & Company (now AgrEvo Environmental Health, Inc., Montvale,
New Jersey). The USEPA challenged the reregistration in 1976 when it
became aware of a study alleging that rotenone might be a carcinogen.
While reclassifying pesticides in response to FEPCA, the USEPA consid-
ered listing rotenone as a possible carcinogenic candidate under Rebut-
table Presumption Against Registration status. The claims of carcinoge-
nicity were proven false in September 1981, but the USEPA data
requirements for the classification challenge initiated a federal– state co-
operative effort to reregister rotenone. The USFWS joined with the Inter-
national Association of Fish and Wildlife Agencies to fund the research
effort at the Upper Midwest Environmental Sciences Center (UMESC,
formerly the National Fisheries Research Laboratory) at La Crosse, Wis-
consin. Funding included US$1.9 million from Federal Aid in Sport Fish
Restoration administrative monies contributed from 1978 to 1986 and
$1.1 million from USFWS Division of Fisheries and Wetlands Research
base funds committed from 1975 to 1986. Results of the research showed
that rotenone is safe to the environment and humans when used accord-
ing to label conditions (Sousa et al. 1987b).

On 1 June 1989, UMESC submitted a 17-volume rebuttal that chal-
lenged USEPA’s Registration Standard on Rotenone because it did not
include all data submitted or developed by UMESC and did not con-
sider previous reviews by USEPA (R. A. Schnick, submitted to the Office
of Research Support for the USEPA, unpublished, 1989). Since 1989,
AgrEvo Environmental Health, Inc. has led the rotenone reregistration
effort with assistance from UMESC. Several rotenone registrants (AgrEvo
Environmental Health, Inc., Foreign Domestic Chemicals Corporation,
and Prentiss Inc.) have formed a Rotenone Task Force that currently only
supports rotenone’s use as a piscicide. Organic farmers have formed a
task force with other registrants under the National Research Support
Program Number Seven to maintain the registrations of rotenone prod-
ucts for certain insecticidal uses, not piscicidal uses. These insecticidal
registrations include uses only on vegetables and flowers, not on ani-
mals. The registrants do not expect completion of rotenone reregistration
for any use until 2002 (J. Conti, AgrEvo Environmental Health, Inc., per-
sonal communication, 1998).
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1.5.3 Canadian Pest Management Regulatory Agency

In Canada, any product with pesticidal claims must be registered under
the Pest Control Products Act (PCPA) and under regulations adminis-
tered by the Canadian Pest Management Regulatory Agency (PMRA).
This agency was established in April 1995 to administer the PCPA under
Health Canada rather than the Ministry of Agriculture and to support
the competitiveness of agriculture, forestry, other resource sectors, and
manufacturing. The PMRA assesses the toxicity, persistence, and
bioaccumulation of each pesticide product, while addressing potential
for human exposure and possible health hazards. The provinces and ter-
ritories regulate the sale, use, and disposal of pesticides within their ju-
risdictions.

The “Registration Handbook for Pest Control Products Under the
Pest Control Products Act and Regulations” provides information on the
pesticide registration process. Under these guidelines, rotenone is con-
sidered mainly as a restricted pest control product because of its intended
use in aquatic areas considered environmentally sensitive. Currently, five
restricted, one commercial, and three manufacturing rotenone products
are registered and available in Canada. The commercial product is in-
tended for use by operators engaged in farming or commercial pest con-
trol operations. The three manufacturing products can also be sold for
end-use purposes to certified applicators. All rotenone products can be
used in lakes and flowing waters to control bullheads (Ameiurus spp.),
carp (Cyprinidae), chubs (Cyprinidae), freshwater catfish (Ictalurus spp.),
suckers (Catostomidae), and fish in general (F. Santagati, Pest Manage-
ment Regulatory Agency, personal communication, 1999).

Rotenone was first used in Canada as a piscicide in 1937 and reg-
istered thereafter. It was also registered as an insecticide for use on a
variety of vegetables, flowers, birds, companion animals, and livestock.
Rotenone products are currently registered for piscicidal and insecticidal
uses, but rotenone is included in the list of active ingredients for reevalu-
ation in Canada. However, with a reevaluation target date of 2005 or
2006, rotenone is not a priority pesticide for the reevaluation program
(Santagati, personal communication).

1.5.4 Current registrants of rotenone
(Joint Subcommittee on Aquaculture 1994; Conti, personal
communication; Santagati, personal communication)

AgrEvo Environmental Health, Inc., 95 Chestnut Ridge Road, Montvale, NJ 07645; 201-
307-9700 (AgrEvo’s registered products are no longer available.)

Noxfish®  Fish Toxicant (U.S. Registration No. 432-172; Canadian Registration No.
14,558)

Nusyn-Noxfish®  Fish Toxicant (U.S. Registration No. 432-550; Canadian Registra-
tion No. 19,985)

Pro-Noxfish®  Dust Fish Toxicant (U.S. Registration No. 432-829)
C. J. Martin Company, PO Box 630009, Nacogdoches, TX 75963; 409-564-3711

Martin’s Rotenone Powder®  (U.S. Registration No. 299-227)
Drexel Chemical Company, 1700 Channel Avenue, Box 13327, Memphis, TN 38113-0327;

901-774-4370
Pearson’s 5% Rotenone Wettable Powder®  (U.S. Registration No. 19713-316)
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Foreign Domestic Chemicals Corporation, 3 Post Road, Oakland, NJ 07436; 201-651-
9700

AK Product of Peru Cube Powder®  (U.S. Registration No. 6458-6)
Rotenone Powder, Technical®  (Canadian Registration No. 21,423)

Prentiss Inc., C. B. 2000, Floral Park, NY 11001; 516-326-1919
Prentox®  Prenfish™  Common Carp Management Bait (U.S. Registration No. 655-803)
Prentox®  Prenfish™  Grass Carp Management Bait (U.S. Registration No. 655-795)
Prentox®  Prenfish Toxicant (U.S. Registration No. 655-422)
Prentox®  Rotenone Fish Toxicant Powder (U.S. Registration No. 655-691)
Prentox®  Synpren-Fish Toxicant (U.S. Registration No. 655-421)

Sureco, Inc., 9555 James Avenue South, Suite 200, Bloomington, MN 55431
Fish-Tox-5®  (U.S. Registration No. 769-309)

Tifa Limited, 50 Division Avenue, Millington, NJ 07946; 908-647-4570; distributed in
Canada by Dalton Chemical Laboratories Inc., Room 119, Farquharson Building,
4700 Keele Street, Toronto, Ontario M3J 1P3, Canada; 416-736-5394

Chem Fish Regular®  (U.S. Registration No.1439-157; Canadian Registration No.
22,445)

Chem Fish Synergized®  (U.S. Registration No.1439-159; Canadian Registration No.
22,447)

Powdered Cubé Root Manufacturing Concentrate®  (Canadian Registration No.
22,444)

Chem-Fish Special®  (Canadian Registration No. 22,446)
Zeneca Agro, a business of Zeneca Corporation, 250-3115 12th Street N.E., Calgary,

Alberta T2E 7J2, Canada; 403-219-5400
Rotenone Fish Poison Wettable Powder®  (Canadian Registration No. 16,580)

1.6 TERMINOLOGY

The words “must,” “should,” “may,” “can,” and “might” have very spe-
cific meanings in this manual:
•“ Must” is used to express an absolute requirement, that is, to

state that the guidelines are designed to satisfy the specified
condition. “Must” is only used in conjunction with factors
that directly relate to the legality or acceptability of specific
recommendations (i.e., a requirement on the label of a pesti-
cide product).

•“ Should” is used to state that the specified condition is recom-
mended and ought to be met, if possible. Terms such as “is
desirable,” “is often desirable,” and “might be desirable” are
used in connection with less important factors.

•“ May” is used to mean “is (are) allowed to.”
•“ Can” is used to mean “is (are) able to.”
•“ Might” is used to mean “could possibly.” “Might” is never

used as a synonym for either “may” or “can.”

1.7 GLOSSARY OF TERMS

bioaccumulation The potential for a substance to accumulate in living
biological tissue

control Reduction of fish populations or fish species
dispersant A substance that assists in spreading another substance
emulsifier Generally a petroleum-based substance in water; a substance

used to stabilize the suspension of one liquid in another
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eradication Elimination of whole fish populations or fish species from
distinct habitats or bodies of water

half-life The time period in which one-half of an amount of substance
degrades

hydrolysis The decomposition of a substance through reaction with
water

LD50 A statistically derived estimate of a concentration of a substance
that would cause 50% mortality to the test population under speci-
fied conditions

oxidation The decomposition of a substance by uniting with oxygen
pesticide Any substance or mixture of substances intended for pre-

venting, destroying, repelling, or mitigating any pest
photolysis The decomposition of a substance caused by exposure to

light
piscicide Chemical toxic to fish that is used to control, eradicate, or

sample fish populations
restricted-use pesticide Pesticide restricted for a specific reason usu-

ally related to safety; to be used only under the direct supervision
of a certified pesticide applicator

tolerances Residue concentrations of a chemical that are permitted by
regulatory agencies in water or food consumed by humans

undesirable fish Species of fish designated by fisheries managers as
undesirable in certain bodies of waters

volatile organic compounds Mainly petroleum-based substances that
vaporize freely into air
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INTRODUCTION

Fisheries managers rely on a wide variety of tools for the management and assessment
of fish populations to maintain diverse and productive aquatic ecosystems and high
quality recreational fisheries. One of the most valuable tools is the piscicide rotenone,
which was first used in the United States in 1934 in Michigan (Ball 1948; Lennon et al.
1970; Cumming 1975) and in Canada in 1937 (M’Gonigle and Smith 1938). The use of
rotenone as a fisheries management tool is taught in at least 38 of 75 North American
colleges and universities that teach fisheries programs and related courses (G. Tichacek,
retired, Illinois Department of Conservation, personal communication). Techniques for
the use of rotenone to sample fish communities and for reclamation and fish control
activities are covered extensively by Bettoli and Maceina (1996).

Important uses of rotenone in fisheries management include:
• control of undesirable fish
• eradication of harmful exotic fish
• eradication of fish in rearing facilities and ponds to eliminate

competing species
• quantification of populations
• treatment of drainages prior to impoundment
• eradication of fish to control disease
• restoration of threatened or endangered species

The application of a piscicide is the only method other than complete dewater-
ing that will extirpate entire populations of fishes. Complete elimination of fish is often
needed to accomplish the critical fish management activities of removing predatory
exotic species, restoring threatened and endangered species, and controlling fish dis-
eases. Rotenone is the only sampling method that provides for an accurate estimation
of standing crop of diverse fish communities.

Despite the importance of rotenone in fisheries management, its continued avail-
ability and use are uncertain. Most rotenone treatments have occurred without inci-
dent; however, putting any chemical into water, especially one that kills fish, can create
controversy.

A small number of treatments have resulted in public controversy. Incidents in
California, Colorado, Michigan, and Minnesota resulted in adverse public reaction and
negative publicity in the news media. Some of these incidents could possibly have been
avoided if the responsible agency had (a) garnered more public input and support prior
to treatment and not been in an adversarial role with local communities, (b) done a
better job of implementing the treatment with appropriate procedures and qualified
personnel, or (c) provided better technical, administrative, legal, and political support.
Public relations issues included fish mortalities downstream of the application site and
persistence of treatment chemicals in water and air. As a result, the use of rotenone was
temporarily prohibited in one state (Michigan) and has been limited in several others.

The use of rotenone is increasingly a concern to environmental and animal rights
groups, and the future use of rotenone, even for small projects, has been threatened in
several states, most notably New York and California. As more demands are placed on
the continent’s water bodies and the public becomes more environmentally aware, we
must respond with guidelines to use rotenone prudently with minimal impacts and
controversy.
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In 1993, the Task Force on Fishery Chemicals of the American Fisheries Society
submitted a proposal to develop and implement a Rotenone Stewardship Program for
fisheries management using U.S. Fish and Wildlife Service Federal Aid Administrative
Funds. The proposal was accepted for funding in 1997. The first task was to conduct a
survey of current uses, issues, and restrictions so the stewardship plan would reflect
current knowledge and concerns.

METHODS

A detailed questionnaire was sent to fisheries management agencies in all of the prov-
inces of Canada, the states of the United States, the District of Columbia, and to re-
gional U.S. Fish and Wildlife Service offices. The survey was not sent to other federal
agencies, universities, private consultants, or private individuals that use approximately
10% of the total sales of raw material (R. Fisher, AgrEvo Environmental Health, Inc.,
personal communication).

Agencies were asked to report rotenone usage (liquid or powder formulation)
for the 10-year period of 1988– 1997 by type of water body (standing or flowing). They
also were asked to identify issues experienced when using rotenone, and indicate what
type of information and guidance they needed in a handbook of administrative and
technical procedures.

The survey requested information on the weight of powder and volume of ro-
tenone formulations used. It was difficult to compare use among the different formula-
tions (5% powder, 5% liquid, and 2.5% syngerized liquid) because of the different per-
centages of rotenone in each formulation. Therefore total quantities of rotenone in the
various formulations were converted to kilograms of active rotenone used. Thus, in
this appendix, all references to kg of rotenone refer to kg of active ingredient. This
allows comparisons of the quantities of rotenone used between the two 5-year periods
of the survey (1988– 1992 and 1993– 1997), among purposes of treatment, and between
water types (static and flowing waters), regardless of formulation. The conversion as-
sumes rotenone is 5% by weight in all liquid and powder formulations. Liquid formu-
lations contain either 5% rotenone by weight or 2.5% rotenone by weight with a 2.5%
synergist by weight. Powder is generally sold on a 5% rotenone by weight basis. The
synergized formulations are used as if they were 5% weight formulations (i.e., the treat-
ment rate is not generally doubled because of the reduced rotenone content). Use data
statistics were analyzed with and without the 1990 data for Strawberry Reservoir (Utah)
because of the effect this treatment had in skewing the data. This one treatment re-
quired 20,000 kg of powdered rotenone, representing 43% of the powder used during
the 10 years covered by the survey.

A summary of the results from the survey and their significance are discussed
below.

RESULTS

A total of 95 questionnaires were sent to 68 United States and 20 Canadian agencies, the
District of Columbia, and 7 U.S. Fish and Wildlife Service offices. A total of 78 (82%)
responses were received. Responses were received from 55 state agencies (80%) repre-
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senting 48 of the 50 states and 15 Canadian agencies (75%) representing 11 of the 12
provinces and territories. Responses were also received from the District of Columbia
and seven U.S. Fish and Wildlife Service offices. Several states and provinces had more
than one agency respond because of divided management responsibilities. Responses
were not received from Arizona, Colorado, or Saskatchewan. Information about the
Northwest Territories was included in the response from Manitoba.

Most agencies indicated the data on the quantities of rotenone used for various
purposes in standing and flowing waters were reliable and based on verifiable records.
However, a few agencies indicated some of their historical records did not allow them
to differentiate quantities used for various purposes. Therefore, some of the quantities
reported for specific purposes were estimated by the agency.

Scope of use

Of the 78 responding agencies, 48 (62%) reported using rotenone in the last 10 years
(1988– 1997). Rotenone was used in 37 states (77%) and 5 provinces or territories (42%)
during the survey period. Thirty-three of the states and 4 provinces used rotenone as
recently as 1997.

Of the 29 responding agencies who did not use rotenone:
• eight were responsible for managing marine environments and indicated

rotenone was not effective in systems with tidal and wave currents.
• five agencies indicated they used rotenone 15– 20 years ago and had no

need to do so now.
• nine agencies did not provide reasons for not using rotenone.
• seven agencies indicated they stopped using rotenone due to in-house

policies, administrative requirements, or regulations (five), expense
(one), or because of environmental concern (one).

Quantities of rotenone used

During the 10-year period, a total of 94,739 kg of rotenone were used (Figure 1). How-
ever, 20,695 kg (22%) were used on one project (Strawberry Reservoir, Utah) in 1990
(Figure 1). The treatment of Strawberry Reservoir accounted for 1.4% of the liquid and
42.6% of the powder used during the survey period. Rotenone use declined 57% from
the first (1988– 1992) to the second (1993– 1997) 5-year period of the survey when the
amount used in Strawberry Reservoir is included and declined 38% when it is excluded
(Figure 1).

The preferred formulation of rotenone used appears to have changed between
the two 5-year periods of the survey (Figure 2). Agencies now appear to be placing
greater emphasis on the use of powder where practical. The amount of liquid rotenone
used declined 65% (35,406 kg to 12,405 kg) from the first to the second 5-year period.
The influence of the Strawberry Reservoir treatment on liquid use was minimal.

The amount of powdered rotenone used declined 49% (31,053 kg to 15,875 kg)
from the first to the second 5-year period (Figure 2). However this decline is not a true
representation of use because the data is skewed by the Strawberry Reservoir treatment
in 1990 (in the first 5-year period). This treatment required 20,000 kg of the 31,053 kg of
powder used (64%) in the first 5-year period. When the Strawberry Reservoir data is
excluded, powdered rotenone use actually increased 44% (11,053 kg to 15,875 kg) from
the first to the second 5-year period (Figure 2).
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Figure 2 Compares quantities of rotenone (kg active ingredient) used from liquid and powder
formulations in the United States and Canada during the two 5-year periods of 1988–1992 and
1993–1997. Shown are quantities including and excluding rotenone used in the large 1990 Straw-
berry Reservoir, Utah (SR), treatment.

Figure 3 Compares quantities of rotenone (kg active ingredient) used from liquid and powder
formulations in standing and flowing waters of the United States and Canada during the period of
1988–1997. Shown are quantities including and excluding rotenone used in the 1990 Strawberry
Reservoir, Utah (SR), treatment.

Figure 1 Compares quantities of rotenone (kg active ingredient from all formulations) used in the
United States and Canada during the two 5-year periods of 1988–1992 and 1993–1997. Shown
are quantities including and excluding rotenone used in the large 1990 Strawberry Reservoir, Utah
(SR), treatment.

ROTAPPA.p65 04/24/2000, 9:56 AM20



APPENDIX A 21

Most of the rotenone (97.5%) used during the survey period was applied to
standing water (Figure 3). Of the 92,382 kg of rotenone applied, nearly equal amounts
came from liquid (45,644 kg) and powder (46,738 kg) formulations (Figure 3). In flow-
ing waters, 92% (2,167 kg) of the rotenone came from liquid formulations. This differ-
ence reflects the inability to effectively use powdered rotenone in flowing waters.

Uses of rotenone

Manipulation of fish communities to maintain sport fisheries was the most common reason
for using rotenone (Figure 4). This type of treatment accounted for 42% of the waters treated
(2,050 treatments) using 72% (68,944 kg) of the rotenone. Of the 1,838 km of streams treated,
38% (697 km) were treated to maintain sport fisheries, and of the approximately 400 hm3 of
standing water treated, 40% (160 hm3) were treated to maintain sport fisheries (Figure 5).

Quantification of fish populations (sampling) was the second most common
purpose (Figure 4). This accounted for 31% (1,482 treatments) of waters treated, illus-
trating the importance many agencies place on this sampling technique. Fourteen of
the 37 states (38%) indicated they used rotenone for this purpose. This accounted for
4% (84 km) of the flowing water treated and 6% (23 hm3) of the standing water treated
(Figure 5). Although a significant use of rotenone in terms of the number of waters
treated, the volume of water treated and quantity of rotenone used (2,114 kg) were
minimal, indicating the treatments were small.

Figure 4 Compares the number of rotenone treatments by objective conducted in the United
States and Canada during the period of 1988–1997.

Figure 5 Compares the length (km x 1,000) of flowing water and volume (hm3 x 1,000) of stand-
ing water treated with rotenone by objective in the United States and Canada during the period of
1988–1997.
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The treatment of rearing facilities or rearing ponds ranked third in terms of the
number of waters treated (Figure 4). Rearing facilities and rearing ponds represented
14% (692 treatments) of the total number of waters. Many states did not provide actual
numbers even though estimates of volume treated and gallons used were provided.
Twelve of the 31 states (39%) indicated they used rotenone for this purpose. The vol-
ume of water treated was small (24 hm3) compared to other purposes for treating stand-
ing water (Figure 5).

Treatments aimed at the eradication of exotic fish ranked fifth (126 treatments)
in terms of the number of waters treated (Figure 4), but ranked second (149 hm3) in
terms of the total amount of standing water treated (Figure 5) and used 18% (17,219 kg)
of the rotenone.

Rotenone treatment procedures

Agencies were asked to respond with a “yes” or a “no” to questions on whether they
used specific treatment procedures (Table 1). The majority indicated that permission
was required to use rotenone, that they detoxified with potassium permanganate, and
that chemical monitoring was not performed.

Regulation of rotenone

Rotenone is not regulated by the agencies that use it. Of the 37 states using piscicides,
the majority are regulated by a state department of agriculture or by a state environ-
mental agency. All five Canadian provinces or territories using rotenone are regulated
by an environmental agency.

Issues related to rotenone

Agencies were asked to respond with a “yes” or a “no” to a series of questions relating
to specific issues that have arisen in the past 10 years (Table 2). Collection and disposal
of dead fish and impacts of rotenone on public health were the two most numerous
issues mentioned.

Other less frequently listed issues included: (a) killing of game fish and public
perception about piscicide use; (b) U.S. Forest Service ban on the use of piscicides; (c)
cattle grazing near treated water; (d) registration; and (e) loss of use as a survey technique.

Table 1 Treatment procedures that fish and wildlife agencies in the United States and Canada
utilize for rotenone. Not all responses total 100% because not all agencies answered all questions.

Government permit/permission required 48 81% 19%
Detoxify with potassium permanganate 46 72% 21%
Environmental impact analyses/assessment 48 48% 52%
Effectiveness and impacts monitored:

With bioassay 48 42% 58%
With water samples for chemical analysis 45 25% 69%

Number of
Treatment procedure agencies Yes No
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Most important issues facing users of rotenone

Agencies using rotenone were asked to provide their view of the two most important
issues facing users of rotenone. Thirty-nine of the 49 agencies responded by citing 83
different issues. Many agencies cited the same or similar issues. These issues were
grouped into eight categories based on their similarities (Table 3). Agencies overwhelm-
ingly identified public acceptance and understanding, environmental concerns, and
“usability” of the product as the most important category of issues confronting them.

Public acceptance and understanding of rotenone use was the most frequently
mentioned issue category. Issues most often mentioned were a lack of public knowl-
edge and understanding of the management decisions that led to rotenone treatments,
the purpose of the project, and the beneficial uses of rotenone. Also mentioned fre-
quently was a lack of public acceptance for using chemicals in the water and for killing
fish. Agencies cited complications arising when opposition groups became organized,
secured financing, and mounted legal challenges.

Collection and disposal of dead fish 48 48% 52%
Impact of rotenone (or other ingredients) 46 42% 54%

on public health
Impact of rotenone (or other ingredients) on 47 31% 67%

surface or ground water quality
Adequate public notification and education 47 31% 67%
Animal welfare, fish 47 31% 67%
Animal welfare, wildlife 46 29% 67%
Impact on invertebrates 47 27% 71%
Piscicide residues in fish 46 21% 75%
Liability and property damage 46 15% 81%
Impact of rotenone (or other ingredients) 47 8% 90%

on air quality
Other issues (see text) 44 13% 79%

Table 2 Rotenone-related issues that fish and wildlife agencies in the United States and Canada
have addressed during the 10-year period of 1988–1997. Not all responses total 100% because not
all agencies answered all questions.

Number of
Issue agencies Yes No

Public acceptance or understanding 1
Environmental concerns 2
Usability of the product 3
Public health or toxicology concerns 4
Availability of the product 5
Animal rights or welfare concerns 6.5
Miscellaneous 6.5
Methods or techniques 7

Table 3 Rotenone-related issue categories that fish and wildlife agencies in the United States and
Canada considered important, by order of frequency.

Issue category Rank
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Environmental concerns were the second-largest issue category. These issues
had their origins from both the public sector and from those governmental agencies
with management responsibilities. One frequently mentioned environmental concern
focused on biodiversity-related decisions that led to (a) single-species management (e.g.,
waters managed for trout only), (b) management directed toward quality sport fish
populations (as opposed to “nonmanaged waters”), or (c) management directed to-
ward threatened and endangered species. Other environmental concerns focused on
the impacts (real or perceived) of rotenone treatments on nontarget species such as
invertebrates, mussels, amphibians, and those wildlife and domestic animals which
may eat fish killed by rotenone.

“Usability” of rotenone was the third-largest issue category. Issues included re-
strictions on use due to labeling, legislative mandates or policy, restrictions placed on
use for sampling, registration costs, and economics (agency budgets and cost effectiveness).

The fourth issue category included issues related to general toxicology, general
public health, carriers and inert ingredients, and drinking water safety.

The remaining four issue categories (and major issues) were (a) availability of
the product (especially relicensing and reregistration of the liquid formulation), (b) ani-
mal rights, (c) methods (stream treatments, effective detoxification, and effective use in
population management and assessment), and (d) miscellaneous issues such as public
distrust of state and federal agencies, documentation and control of use, lack of spe-
cific, useful, and practical information on impacts of treatments, proper training for
applicators, and project goals being met for extended periods of time.

Requested information and guidance

Twenty-six of the 49 agencies made suggestions for the type of information and guid-
ance they desired in a handbook of administrative and technical procedures. The sug-
gestions have been grouped into the following broad categories:
Background information— (a) regulatory history; (b) national policy on the use of roten-

one; (c) definitions of “restricted use chemical”; (d) literature sources; and (e) role
of federal agencies in state projects.

Environmental information— (a) short-term and long-term impacts; (b) minimizing im-
pacts on nontarget species; (c) long-term effectiveness of rotenone treatments to
assist in preparing environmental documents; (d) sensitivities of various species
to rotenone; and (e) water quality, persistence, and degradation.

Legal considerations— (a) who can legally purchase and use rotenone; and (b) legal con-
siderations for fish disposal, use and disposal of rotenone and their containers,
and public notification.

Management considerations— (a) when is rotenone the best management choice; (b) de-
scription of practical uses; (c) appropriate uses; and (d) alternative methods.

Public health information— (a) impact to applicators and the general public; (b) assess-
ment for human and animal exposure; (c) cancer risk; (d) fish consumption; and
(e) contact with treated water.

Public information— (a) dealing with anti-fish-treatment public; (b) public relations strat-
egies that will garner support or minimize opposition; (c) public information on
the utility of rotenone as a management tool; and (d) dealing with animal rights
activists.
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Technical information— (a) safe handling, storage, shelf life, and disposal; (b) effective
concentrations; (c) application and detoxification procedures; (d) bioassay meth-
ods for determining toxicant level; (e) chemical analysis methods; (f) influence of
environmental factors on application and detoxification effectiveness; (g) selectiv-
ity and application rates; (h) methods for reservoir fish population assessment; (i)
new designs for applying powdered rotenone; (j) application rate table for specific
concentrations and flows; and (k) procedures for fish disposal.

DISCUSSION

The present survey primarily targeted state and provincial fisheries agencies. The sur-
vey was also directed to the regional offices of the U.S. Fish and Wildlife Service, but
not all uses were reported (i.e., use on refuges and by Cooperative Fishery Units). Ad-
ditionally, numerous states reported that other federal agencies used rotenone, includ-
ing the Tennessee Valley Authority, U.S. National Park Service, and Bureau of Land
Management. It was also learned that some Native American tribes use rotenone on
reservation lands. However, rotenone use by these agencies, consultants, and other en-
tities was assumed to be a minor component of overall use. Sales data showed that
AgrEvo Environmental Health, Inc., which captures about 85% of the piscicide market
(Fisher, personal communication), sold approximately 13% of their product to federal
agencies, consultants, and other groups not included in the survey. Thus, the agencies
surveyed accounted for about 87% of the total piscicide market for rotenone.

The use of rotenone as a piscicide in North America is as widespread today as
ever even though the quantity used has declined. In the 15 years between its first use in
1934 (in Michigan) and 1949, 34 states reported using rotenone (Solman 1950). A United
Nations-sponsored report on world use of rotenone revealed that by 1970, 39 states
(and two provinces) had used rotenone to reclaim waters (Lennon et al. 1970). A later
survey covering the period 1970– 1974, targeted exclusively at the state and territorial
fisheries agencies of the United States, determined that 49 states used rotenone (S. B.
Penick & Company, unpublished data, 1974).

In 1987 the rotenone supplier, AgrEvo Environmental Health, Inc., conducted a
telephone survey of United States and Canadian fisheries agencies to estimate market
size; however, no data on actual use were collected. A review of the data sheets from
that survey revealed that 37 states and three provinces were current users of rotenone.

The present survey suggests that the quantity of rotenone used is continuing to
decline, although the number of states using rotenone has changed little since 1949.
Thirty-seven states (and five provinces or territories) used rotenone, which continues
the 50-year trend where 35 states have historically utilized rotenone as a fisheries man-
agement tool. However, since 1974, major users of rotenone (> than 50 kg annually)
have declined. Thirty-four states were major users in 1974 (S. B. Penick & Company,
unpublished data, 1974), but this survey showed a decline to 25 states (and two prov-
inces) in 1987 and a further decline to 14 states (and one province) in 1997. Quantities of
rotenone used also declined during the survey period. Rotenone use declined 57% from
1988– 1992 to 1993– 1997. When the rotenone used in Strawberry Reservoir is excluded,
use declined 38% between the two 5-year periods. Bettoli and Maceina (1996) also noted
decreasing use of rotenone for sampling and reclamation of fish populations.

ROTAPPA.p65 04/24/2000, 9:56 AM25



26 ROTENONE USE MANUAL

Despite this decline, rotenone continues to be an important management tool for
most fisheries agencies in North America, and its use as a fisheries management tool contin-
ues to be taught in many colleges and universities. Nearly 95,000 kg of rotenone (liquid and
powder formulations) were used during the 1988– 1997 period. Managers appear to be plac-
ing greater emphasis on the use of the powder formulation, particularly for treating stand-
ing waters. This trend is probably due to the reduced cost and improved distribution tech-
niques for the powder formulation, as well as increased environmental and public health
concerns for the inert ingredients contained in liquid formulations. Although liquid formu-
lations have been proven safe for use, some agencies have found it more difficult to plan
and execute treatments using these formulations because of demands for environmental
monitoring studies not normally required for projects that utilize the powder formulation.

Agencies responding to the survey provided their perception of the major is-
sues in using rotenone. They overwhelmingly identified public acceptance and under-
standing of rotenone use, environmental concerns, and continued usability of the prod-
uct as major issues. A common theme to many of the issues cited was the lack of public
knowledge and understanding of the management decisions which led up to rotenone
treatments, the purpose of the project, and the beneficial uses of rotenone. In spite of
this recognition, only 48% indicated that they performed environmental impact analy-
ses or assessments on proposed projects.

To overcome these issues, agencies must do a better job of communicating project
objectives and environmental trade-offs to the public. For example, public support for
renovating a fish community may be generated when managers can demonstrate that
the current community is the result of human-induced perturbations and that the only
alternative is complete renovation. Further, the public often does not understand that
some short-term losses may be offset by long-term benefits including, but not limited
to, many years of improved angling opportunity.

In response to the request by agencies for more information and guidance on
the use of rotenone, this manual will assist fisheries managers by providing administra-
tive and technical guidelines for the safe and effective use of rotenone. Emphasis is
placed on planning and public involvement commensurate with the scope of the project.
There are also plans for a public information program to educate the public on the
benefits and risks of rotenone use. An electronic information system for fisheries biolo-
gists that will provide up-to-date information on current use restrictions, experts in the
use of rotenone, important issues and solutions, and the registration status of rotenone
are also under development.
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2
ADMINISTRATIVE

PROCEDURES

A rotenone application project may have up to five stages:
(1) preliminary planning, where the project concept and al-

ternatives are developed, public input is invited, and ac-
ceptance is encouraged;

(2) intermediate planning, incorporating an environmental
analysis where the project is refined and public acceptance
is encouraged;

(3) final planning and project implementation, involving man-
agement through the development of project-specific work
plans;

(4) performing the treatment (see Figure 2.1); and
(5) summation and critique of the project into a final report

(see Section 4.1.4).
A small treatment performed on private land or a government-

owned hatchery may require little planning before implementation, while
a large project involving a public water supply may require two or more
years of extensive planning. The rotenone treatment should be consis-
tent with and supported by the current Fisheries Management Plan (FMP)
when applicable, which is either species specific (see Section 2.1.1.1) or
water body specific (see Section 2.1.1.2). The complexity of a rotenone
project depends upon social, biological, political, and physical charac-
teristics and will dictate the degree of planning required. For example,
extensive planning may not be needed for rotenone use in sampling ex-
cept where downstream waters are potentially affected.

2.1 PRELIMINARY PLANNING

Preliminary planning is critical to the success of fish reclamation and
sampling projects using rotenone. The project must be based on facts
and tactics that firmly stand throughout the whole project. Key ingredi-
ents in this first stage are public input and acceptance, without which
difficulties or failure are possible.
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2.1.1 Fisheries management plans

Fisheries resources can be managed for a particular species or for a par-
ticular water body, or both. A Fisheries Management Plan (FMP) assesses
the status of a specific water body or populations of specific fish species
and determines the appropriate management actions necessary to main-
tain the desired fishery. A current FMP ensures that written goals and

Figure 2.1 Administrative procedures for planning a rotenone treatment (section numbers in parentheses).
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objectives for a specified time period are clearly defined and imple-
mented. The type of management desired will determine which type of
FMP is used. Public input during the development of the FMP is beneficial.

2.1.1.1 Species-specific fisheries management plan

A species-specific FMP minimally contains the following items: (1) goals
and objectives of the FMP; (2) historic habitat range of managed species;
(3) description of environmental and human problems; (4) identification
and prioritization of suitable habitat locations, including threats to each habi-
tat type; (5) plan description; and (6) time line of management measures.

2.1.1.2 Water body (location)-specific fisheries management plan

An FMP for a specific water body is similar to the species-specific plan
except that this plan includes a description of the biotic diversity of the
water body instead of a habitat range for the species. The water body-
specific FMP should contain the following items: (1) general geographi-
cal setting of the area; (2) description of existing land management sur-
rounding the water body; (3) water quality and development surrounding
the water body (e.g., forest, residential, industrial); (4) recreational facili-
ties and activities; (5) ownership; (6) hydrology; (7) aquatic animal as-
semblages and habitat types; (8) threatened and endangered species; (9)
fishery description; (10) current fish management; and (11) proposed
management program (objectives, direction, recommendations).

2.1.2 Statement of need for project

The reason for a project must be clearly supported by factual evidence.
For example, the presence of undesirable fish as defined by the fisheries
manager may suggest rotenone treatment. The objective of the project is
to correct existing fishery conditions that conflict with the goals of the
FMP. Project objectives might include (1) reversing unacceptable popu-
lation size or growth rate of a desirable fish species, (2) eliminating un-
desirable species, (3) minimizing outbreaks of contagious disease, (4)
reintroducing a native species into a historical range, or (5) changing the
desired species composition in response to public demand. The justifica-
tion could also include consideration of the current and potential de-
mand for fishing within the water body, the need to protect nearby wa-
ters from undesirable species, or the uniqueness of a remote, pristine
fishery. Projects that emphasize single species management should ad-
dress issues of ecosystem diversity. Knowledge of the presence of parks
or other public facilities (or possible future developments), and the prox-
imity of population centers is useful for this process. The justification
should also explain why other options would not accomplish the de-
sired results. If an environmental assessment is planned (see Section 2.2.1),
the draft plan should list all options or alternatives but should not indi-
cate the alternative preferred by the fish and wildlife agency. Small
projects that do not require an environmental assessment should include
a clear justification for the decision to use rotenone.
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Before proposing a project, a biological survey of fish commu-
nity composition is necessary. At a minimum, sample a variety of spe-
cies and age-groups to determine the presence of the most rotenone-re-
sistant species subject to removal. The justification may contain measures
of angler success and use such as creel survey information and fish stock-
ing information. Written or oral comments solicited from the angling
public can provide information about general satisfaction with a fishery.

The justification should include a description of the fish commu-
nity, desired fish management objectives, life history of the target fish
species, and a comparison of the available alternative control measures.
The project might also have population estimation and enumeration as
an objective. The appropriate uses of rotenone and alternative control
measures are discussed in Sections 1.1 and 1.2.

2.1.3 Determination of applicable laws and regulations

2.1.3.1 Fish and wildlife authorities

State the legal authorization (federal, state, or provincial) for fish and
wildlife agency management of aquatic resources. Documentation of this
authority may prove instrumental in countering legal challenges to the
project and in negotiations with other parties. These mandates usually
address the conservation, maintenance, and utilization of natural re-
sources to ensure the continued existence of all species and the mainte-
nance of a sufficient resource to support reasonable recreational fisher-
ies. The fish and wildlife agency may have specific powers to take any
species which is (1) unduly preying upon a desirable species of bird,
mammal, or fish, (2) an introduced species, or (3) harboring a highly
contagious disease.

2.1.3.2 Clearances required for treatment

Determine those regulatory agencies that have overlapping jurisdictions
for regulating a treatment. Agencies that regulate the following areas
may require notifications, applications, approvals, and permits: (1) agri-
culture; (2) water use; (3) environmental protection; (4) water quality; (5)
public health; and (6) land use. Determine the applicable regulations and
restrictions, and obtain clearances in sufficient time before the treatment.
Outside agencies may need monitoring plans and other requirements
before treatment, so allow sufficient time for compliance. Resolve con-
flicts over regulatory and jurisdictional issues before treatment. Agree-
ments that delineate interagency authorities, responsibilities, procedures,
and time lines have been instrumental in resolving conflicts among agen-
cies with overlapping responsibilities (see Appendix B).
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2.1.4 Public involvement

2.1.4.1 Significant public issues

Determine the significant public issues that must be addressed. Although
rotenone is a useful fishery management tool, its use has often resulted
in considerable public controversy. This controversy stems from objec-
tions from three main groups: (1) persons who oppose changes to a per-
ceived natural situation or oppose the use and development of so-called
“monocultures” of fish; (2) persons who are alarmed by the perception
of widespread application of chemicals that might be dangerous to people
and the environment; and (3) persons who oppose any means of killing
of fish.

In a recent survey of fish and wildlife agencies sent to all states
and provinces (see Appendix A), the following issues were identified as
controversial during the past 10 years, in order of frequency: (1) collec-
tion and disposal of dead fish; (2) impact of rotenone on public health;
(3) impact of rotenone on surface and groundwater quality; (4) adequate
public notification and education; (5) animal welfare (fish, wildlife, and
invertebrates); (6) pesticide residues in fish; (7) liability and property
damage; and (8) impact of rotenone on air quality. See Appendix A for a
full discussion of the results of this survey.

2.1.4.2 Gaining public input and support

Obtain public input and support for the project. Anticipate the types of
controversies that may arise, deal with them quickly and as openly as
possible, and address them before the project is implemented. Contro-
versy can be greatly minimized and often eliminated if the project and
treatment are developed and implemented carefully and thoughtfully
with public input. Reevaluate projects that do not have a high degree of
public support.

The type of treatment, proximity and size of population centers,
extent of the water body’s public use, and the degree of public trust all
influence the level of public participation in the decision to use roten-
one. An early understanding of which public groups will be involved,
based on their interests, helps identify potential issues to allow develop-
ment of effective responses. However, unanticipated opposition may arise
(see Section 2.4.2).

2.1.4.3 Public involvement plan

A Public Involvement Plan (PIP) is critical to the success of most projects.
Always develop and implement a PIP when planning an especially con-
troversial project or when certain thresholds—likely defined by individual
agencies through experience—in size, number or individuals affected,
or other factors are exceeded.
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The PIP should (1) identify each milestone for public involve-
ment including dates for initial public notice, public meetings, written
comments, final decisions, and notifications, (2) identify key interest in-
dividuals, groups, and agencies, (3) assign contact persons or enlist key
supporters and allies in a Local Action Committee to develop and evalu-
ate alternatives and gain support, (4) identify news media supporters
and assign contact persons, (5) identify expected public response based
on past reaction from the groups and individuals expected to be involved,
and (6) assess methods to inform and obtain public comment, and make
final decision for notification.

Make a concerted effort early in the process to identify and rea-
sonably address controversy or criticism from the public. Critical groups
might include property owners, water license holders, people using the
water body for recreation, commercial interests, and animal rights advo-
cates. Create a Local Action Committee of interested individuals to gain
input and support. Encourage the public to claim “ownership” of the
project plan. If a large project requires special legislative funding or is
controversial, demonstration of Local Action Committee support will
help legislators acquire needed funds. Contact with the public should be
personal, and the project plan should indicate possible effects of the treat-
ment on their vested interests.

Focus on the fishery problem and its unmediated impact on the
public’s vested interests. Do not focus on the treatment. Public involve-
ment may be needed as early as 12– 24 months before the intended treat-
ment. Prepare a brief narrative for public distribution that summarizes
the problem, proposes alternatives to correcting the problem, lists short-
and long-term impacts, and delineates anticipated benefits. One or more
public meetings may be necessary in the vicinity of the proposed treat-
ment, depending on the size of the treatment and the issues and stake-
holders involved. Keep a record of key actions and responses to the pub-
lic involvement process.

2.1.5 Treatment plan

The preliminary treatment plan is the first snapshot of the proposed ap-
plication from beginning to end. It must be completed, reviewed, and
tentatively approved internally before project implementation. The pre-
liminary plan should contain the following elements to gain an accurate
assessment of necessary resources.

2.1.5.1 Physical and chemical characteristics of the water body

Prepare a general location and morphological map of the system to be treated
and describe the important environmental attributes that need consideration.
These may include volume or flow of water, type and density of aquatic
vegetation, depth of lake, shoreline configuration and substrate, inlet and
outlet flows, flushing rate, temperature, pH, dissolved oxygen, turbidity,
and conductivity of water at anticipated time of treatment.
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2.1.5.2 Barriers, ownership, and obstructions

Indicate and describe the barriers and obstructions to fish (hydrological)
and human (topographical and legal) movement on maps. Include own-
ership of surrounding land and the extent and location of swampy areas
and other areas that may require special treatment.

2.1.5.3 Rotenone and neutralizing agent

Describe the type of formulation, concentrations, and amounts of roten-
one to be used. The rotenone concentration and formulation depend on
depth, volume, water clarity, flushing rate, pH, and water temperature
at the time of the proposed treatment. Typically, a lake or stream is di-
vided into treatment zones, each with specific requirements. Specify the
application rate and the amount of rotenone needed in each treatment
zone. It is advisable to conduct a bioassay of the target fish to determine
the concentration (efficacy) of the rotenone formulation required to ac-
complish to treatment goal. Assess the environmental advantages and
disadvantages of natural degradation and the use of neutralizing agents.
If neutralization is required, describe the type, concentration, and loca-
tion of the neutralization zone. For stream treatments, distinguish be-
tween the mixing zone where fish are likely to be killed and the point
where neutralization occurs and no fish are likely to be killed.

2.1.5.4 Public and commercial interests

Identify and contact public and commercial groups that use the water
body, especially if it is a public or industrial water supply. It might be
advantageous to involve representatives from these groups in the Local
Action Committee (see Section 2.1.4.3). Document ownership of the land
surrounding the water body to be treated and water licenses held, par-
ticularly for inlet and outlet streams.

2.1.5.5 Interagency responsibilities

Contact all government agencies at the local, state, provincial, or federal
level that might have plans, permits, authorities, or responsibilities af-
fected by the treatment (see Section 2.1.3.2). These include health, agri-
culture, parks, environment, water supply and quality, air resources or
quality, and land use agencies. Include local governments (counties, cit-
ies, water reclamation districts, and conservation districts). It may be
desirable to assign an agency contact person for each of these outside
agencies and invite these agencies to participate on a Local Action Com-
mittee (see Section 2.1.4.3).

2.1.5.6 Logistics and preliminary schedule

Summarize the methods of operation, number of staff needed, timing,
equipment needs (purchases and rentals), required permits and approv-
als, and biological and chemical monitoring required, and schedule each
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major milestone. Develop a detailed schedule for all actions required in
the Intermediate Planning (see Section 2.2) and Project Implementation
and Management (see Section 2.3) sections by selecting a proposed treat-
ment date and working backward with reasonable completion dates for
the milestones (see Figure 2.1). Allow for periodic assessments to amend
the schedule.

2.1.5.7 Fish rescue and removal of fishing limits

The prospect of wasting fish in a treatment may prompt public concern.
Consider the viability of a pretreatment salvage operation to allow the
public to remove fish for their own use. Liberalization of fishing regula-
tions can effectively address these concerns and improve public sup-
port. Ensure enough lead-time to implement regulatory changes. An al-
ternative may be to rescue the desirable fish from the proposed treatment
area for transplanting into another water body or for holding at a facility
to restock once the treated water body can again support fish. These
rescue alternatives are usually expensive but can be good public rela-
tions tools, especially if the public gets involved.

2.1.5.8 Restocking

Develop a restocking plan based on the proposed treatment date, man-
agement objectives, and expected rotenone degradation or neutraliza-
tion time. The restocking effort should be consistent with the current
FMP. The ability of federal, state, provincial, or commercial hatcheries
and other populations to meet stocking needs may influence the num-
ber, size, and species of fish restocked into the treated water body.

2.1.5.9 Personnel needs

Determine personnel needs for pretreatment, treatment, and posttreat-
ment activities based on the type and concentration of rotenone formu-
lation and neutralizing agent prescribed and the project logistics. This
estimate should include such additional assignments as preparation of
the PIP, environmental analysis, fish rescue, monitoring, dead fish re-
moval and disposal, and fish restocking.

2.1.5.10 Budget

Determine all personnel, rotenone, neutralizing agent, legal, material,
and equipment (including special items) costs for the pretreatment, treat-
ment, and posttreatment activities of the project.

2.1.5.11 Other important issues

Other important issues to consider in drafting the preliminary treatment
plan may include (1) measurement of rotenone and other compounds in
water, sediment, and air (see Section 3.4.3), (2) application of rotenone to
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public drinking or agricultural water supplies (see Section 1.3), (3) dis-
posal of dead fish (see Section 5), (4) legal challenges, (5) threatened and
endangered species (see Section 5), (6) public opposition (see Sections
2.1.4.3 and 2.4.2), (7) conflicts with other agencies (see Section 2.1.3.2),
(8) applicator safety (see Section 3.3), and (9) the need for dewatering
(drawing-down) a reservoir before treatment.

2.1.5.12 Contingency plans

Develop contingency plans for such possible problems as (1) incomplete
dewatering of a reservoir, (2) decline in water temperature, (3) bad
weather, (4) legal challenges, (5) public opposition, (6) partial kill of tar-
get species, (7) failure to neutralize rotenone, and (8) changes in stream
flows (see Section 2.4.2).

2.1.5.13 Internal review

Submit the preliminary plan internally to all those who will be involved
in the treatment or whose approval is needed. This will insure that ad-
equate resources within the agency are allocated for the project, that the
project is feasible and consistent with agency policy and procedures, and
that tentative approval by management has been secured prior to the
expenditure of planning resources.

2.2 INTERMEDIATE PLANNING

This planning stage refines the preliminary plan and clears obstacles to treat-
ment before Project Implementation and Management (see Section 2.3).

2.2.1 Environmental analysis

2.2.1.1 Environmental quality laws

An environmental analysis (EA) may be required before a rotenone treat-
ment depending on the applicable environmental quality laws. An EA
typically focuses on environmental impacts of the project, methods of
reducing environmental damage through alternatives or mitigation, and
disclosure of rationale for the project. Scheduling an EA depends on the
complexity of the project and the issues involved, but the document
should be completed and approved before Project Implementation and
Management (see Section 2.3). Ideally, the collection of information for
the EA should begin sometime during the later stages of Preliminary
Planning (see Section 2.1) to assist in refining the project scope. An EA
may require a full year’s lead time, depending on the requirements of
responsible agency.

Environmental quality laws codify specific policies of federal,
state, and provincial governments. These policies typically provide for
(1) maintaining a quality environment, (2) identifying critical thresholds
for personal health and safety, (3) encouraging systematic and concerted
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efforts for management of natural resources and waste disposal, (4) en-
couraging the enjoyment of esthetic values of natural resources, (5) prevent-
ing the elimination of fish and wildlife species, and (6) requiring govern-
ment agencies to consider less environmentally damaging alternatives.

In the United States, the National Environmental Policy Act
(NEPA) sets forth a systematic approach for evaluation of the environ-
mental impacts of federal actions. Many states and provinces have simi-
lar review processes, some of which tend to place a higher value on en-
vironmental protection than on economic growth or other social
considerations. For proposals subject to NEPA, an agency must evaluate
and consider all reasonable alternatives and must suggest appropriate
mitigation measures, but is not bound to them.

Whether subject to NEPA or state or provincial environmental
quality review, the normal procedure is to conduct a preliminary analy-
sis to determine whether the proposed treatment is categorically excluded
from the need for further consideration, whether to prepare an EA which
may lead to a Finding of No Significant Impact (FONSI under NEPA) or,
alternatively, to prepare an environmental impact statement (EIS under
NEPA). Generally, a FONSI is prepared if the project will have no signifi-
cant adverse impact on the environment or if the impact can be miti-
gated. Alternatively, an EIS is prepared if a significant unmitigated ad-
verse impact on the environment or an environmental change is expected.
The use of federal funding for treatment on federal land will require
NEPA compliance. The issues associated with the project will determine
the type of NEPA compliance. Generally, a significant adverse impact is
defined as a substantial adverse change in the physical or biological con-
ditions in the affected area. The initial study should contain the follow-
ing information: (1) a description of the project that includes location; (2)
a checklist identification of the project’s environmental effects (see Ap-
pendix C) or other similar method; (3) a discussion of suggested mitiga-
tion for significant effects; (4) a comparison of the consistency of the
project with existing plans; and (5) an identification of the authors of the
initial study.

2.2.1.2 Environmental studies on rotenone use in fisheries management

Several states including California, Washington, and Michigan have pre-
pared programmatic environmental studies of rotenone use in fisheries
management (WDG 1986; MDNR 1990; WDW 1992; CDFG 1994). The
California Department of Fish and Game (CDFG 1994) programmatic
study describes the (1) chemical properties and toxicity of rotenone and
rotenone formulation constituents, (2) treatment strategies, (3) policies
and criteria for rotenone use, (4) internal and external review and coor-
dination procedures, (5) environmental assessment, (6) potential impacts,
and (7) alternatives to rotenone use. In California, specific rotenone
projects are supported by the programmatic document. The program-
matic document serves to (1) minimize discussion duplication on issues
from project to project; (2) act as a reference for the hazards of rotenone
use, treatment methods, and safety procedures; and (3) generally depict
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the expected impacts of rotenone use. In addition to the programmatic
study, site-specific environmental studies are conducted for each indi-
vidual rotenone treatment in California.

2.2.1.3 Site-specific environmental analysis

The site-specific environmental study (if needed) prepared by the fish
and wildlife agency proposing the project should contain the following
information.

2.2.1.3.1 Fish and wildlife authorities and responsibilities— Clearly describe the
need for control of fish populations and the authorities and responsibili-
ties given the agency for this control. Include specific sections of codes
or regulations discussed in Section 2.1.3.1 and important related legisla-
tion. A short history of rotenone use by the agency and others in the
control of fish populations may be included.

2.2.1.3.2 Purpose of project— Clearly describe the need for an action by
presenting a history of the problem, the need for correction, and the con-
sequences of taking no action as discussed in Section 2.1.2. The purpose
should be clearly related to the FMP (see Sections 2.1.1.1 and 2.1.1.2)

2.2.1.3.3 Environmental setting— Include a physical description of the area
to be treated, including elevation, volume (or discharge pattern), maxi-
mum depth, and surface area. A description of the drainage basin would
include tributaries, special interest areas, hydrology, and water use in
the area. This section should also contain descriptions of ownership, lo-
cal economics, water quality, recreation, vegetation, wildlife, and aquatic
organisms as described in Sections 2.1.5.1, 2.1.5.2, and 2.1.5.4.

2.2.1.3.4 Project description— Describe the project objectives, project area
and other potentially impacted areas, and proposed project plans and
conditions that include reservoir dewatering. Indicate the rotenone ap-
plication method, natural dissipation or neutralization (if required), and
environmental monitoring. The plan for disposal of dead fish (if required),
fish restocking schedule, postproject evaluation, and project cost esti-
mate should be described according to Sections 2.1.5.7, 2.1.5.9, 2.1.5.10,
and 2.1.5.11.

2.2.1.3.5 Environmental impact analysis and mitigation measures— Discuss im-
pacts on air quality, water quality (surface and ground waters), fish, am-
phibians, aquatic invertebrates, birds, mammals, plants, threatened and
endangered species, public health, applicators, recreation, boating, agri-
culture, esthetic resources, economics, and public services. Many of these
issues are described in Section 5. Lessen or eliminate significant impacts
by formulating mitigation measures.

2.2.1.3.6 Alternatives— The use of rotenone is one method used by an
agency to meet its fisheries management objectives. Alternative meth-
ods are listed in Tables 1.1 and 1.2. Each alternative—  including no treat-
ment project— should be described along with an analysis of its poten-
tial impacts and the potential mitigation measures required to reduce
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impacts. Typically, the alternative analysis in an EIS under NEPA is much
more detailed than in other environmental documents. An EIS must de-
vote substantial consideration to each alternative, so reviewers may evalu-
ate comparative merits.

2.2.2 Public and agency issue identification and notification

Concurrent with intermediate planning is the identification of issues from
the public and affected agencies. The issues should become evident as
the PIP (see Section 2.1.4.3) is implemented and as public meetings are
conducted. Description of these issues and resolution through alterna-
tives and mitigation will further define the project.

2.2.2.1 Agencies

Federal, state, provincial, and local agencies with jurisdictions and ob-
jectives may affect the use of rotenone. Agencies with regulatory author-
ity (discretionary approval) over rotenone use are considered respon-
sible agencies. In addition to the fish and wildlife agency proposing the
use of rotenone, these agencies may include the U.S. Environmental Pro-
tection Agency (USEPA) and state or provincial departments of food,
agriculture or pesticide regulation, public health, natural resources (i.e.,
forestry, lands, and parks), water quality, and environment.

The use, registration, and control of pesticides in the United States
ultimately rests with USEPA. State or provincial departments that regu-
late pesticides, food, or agriculture enforce pesticide laws and issue li-
censes and certificates for pest control operations. Many states require
that a licensed Agricultural Pest Control Advisor make a recommenda-
tion to use rotenone. Only a licensed, qualified applicator can supervise
the application of rotenone. Agencies that regulate pesticides have had
concerns with (1) safety gear, (2) safety procedures, and (3) disposal of
used pesticide containers and dead fish.

State or provincial departments of health services often cooper-
ate with the pesticide regulatory agencies in investigations of pesticide-
related illnesses and develop employee safety standards for handling
pesticides. Health agencies have also been delegated by the USEPA to
enforce the Federal Safe Drinking Water Act through such measures as
adoption of drinking water standards and monitoring regulations. Pub-
lic health concerns expressed by agencies over the use of rotenone have
included (1) nuisance of flies and odors created by decaying fish, (2)
human consumption of dead fish containing bacteria and residues of
rotenone and other compounds, (3) human consumption of drinking
water containing residues of rotenone and other compounds, and (4)
pesticide odors in the air.

State or provincial departments of water quality or the environ-
ment typically regulate storage and transport of hazardous wastes, dis-
posal sites for pesticide containers, and water quality standards. Water
quality and environmental agencies may establish water quality control
plans that reflect water quality objectives for specific hydrologic basins.
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Concerns with rotenone use from environmental agencies have included
(1) impacts on beneficial uses of water, (2) maintenance of water quality
standards, and (3) impacts on aquatic life other than fish (see Appendix
B). Rotenone treatments may also affect the activities and interests of
other agencies such as counties, cities, water reclamation districts, irri-
gation districts, and resource agencies.

2.2.2.2 Organizations

A number of organizations have become involved in past rotenone use
projects for a variety of reasons. Environmental groups that may have
an opinion on a particular project include the Sierra Club, Audubon So-
ciety, and Natural Resources Defense Council. The American Fisheries
Society, angling groups like United Anglers, Trout Unlimited, and other
sport fishing groups and clubs have supported projects. Conversely,
groups such as People for the Ethical Treatment of Animals and Earth
First have opposed the killing of fish by any means.

2.2.2.3 Public participation and notification

The PIP (see Section 2.1.4.3) should have been started in the preliminary
stage and should be fully implemented in the intermediate planning stage.
The extent of public participation in the planning stages of the project
will be influenced by the type of project proposed and the degree of
public interest and trust involved.

Release a draft EA for public review if required before agency
approval is finalized (see Section 2.2.1). Notify the public of the draft EA
by placing a notice in a local newspaper of general circulation in the
project locale and by sending copies to interested groups identified in
the PIP. Alternatively, a notice of the draft EA can be published in the
state or provincial environmental bulletin, if one is regularly published.
The notice should indicate the time period for public comment, a brief
description and location of the project, and how to obtain a copy of the
draft EA. Consider all written comments before final approval of the EA.

2.2.2.4 Press and news media

Notify local and state news media (print, radio, and television) of the
proposed plan for treatment, public meetings, release of the EA, and
schedule for the project. Where appropriate, the responsible agency
should have a Public Affairs Officer communicate directly with the press
and news media to free biologists and technicians to conduct the project
(although information will originate from them). The Public Affairs Of-
ficer should act as the coordinator for all media information. Consider
using Web sites to provide fast and accurate information to the public
and the news media. Interviews with biologists and project personnel
can produce valuable public relations benefits, but carefully coordinate
them with the Public Affairs Officer. Make all agency personnel aware of
the same facts and provide consistent responses when dealing the public.
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2.2.2.5 Landowners and interested parties

Identify landowners in the affected area, give them information regard-
ing the proposed project, and solicit their input. Make reasonable efforts
to ensure that all interest groups are notified, and that they are on the list
of interested parties.

2.2.2.6 Consistency with other management plans

Consult the management plans of water quality and environmental agen-
cies, the U.S. Fish and Wildlife Service, U.S. Forest Service, and other
affected agencies to ensure their existing management plans are considered.

2.2.3 Monitoring program

It may be desirable to monitor the application of rotenone to ensure that
an effective treatment is achieved, to limit potential litigation, and to
assess the impact on, and recovery of, aquatic resources. Monitoring stud-
ies can help quiet public fears about the treatment. Begin planning moni-
toring programs during intermediate planning after important issues,
special interest areas, and the scope of the project have been clearly iden-
tified. Liquid formulations contain a variety of compounds including
rotenone, dispersants, and emulsifiers (see Section 5.3), and their dissi-
pation in the environment over time may be of interest. The number and
location of sample sites and sampling frequencies will vary with each
treatment. Several monitoring methods have been used for rotenone treat-
ments, including analyzing water, sediment, and air samples for resi-
dues of rotenone and other compounds and assessing the impact of the
treatment on biological (e.g., fish, amphibian, and invertebrate) resources.
Procedures for monitoring are described in Section 3.4. An overview and
objectives of monitoring are given below.

2.2.3.1 Water monitoring

Collect water samples to document the initial concentrations and degra-
dation over time of rotenone and associated compounds (i.e., rotenolone,
piperonyl butoxide, volatile organic compounds [trichloroethane,
trimethylbenzenes, toluene, xylenes, and ethyl benzene], and semivolatile
organic compounds [naphthalene and methyl naphthalene]) in surface
water and groundwater. Pretreatment samples should be collected, fol-
lowed by collection of posttreatment samples at specific time intervals.
Rotenone can persist from several days to several months depending on
water temperature and initial concentration. Information from the moni-
toring process will confirm that lethal levels of rotenone were applied in
the target area and that rotenone has degraded before restocking with
fish. There are water quality objectives and drinking water standards for
many of the compounds in rotenone formulations (see Section 5). Samples
from neutralization zones can confirm degradation of rotenone over time
and distance. Groundwater monitoring studies (see Section 5) have never
detected contamination from a rotenone treatment.
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2.2.3.2 Air sampling

Air samples may be collected to document initial concentrations and dis-
sipation of rotenone, rotenolone, and volatile and semivolatile organic
compounds over time. Air sampling is particularly helpful to document
movement of volatile organic compounds from the treatment area. Per-
missible airborne exposure limits (PELs) have been established for worker
protection for rotenone and several volatile and semivolatile organic com-
pounds (see Section 5). This information is useful in verifying the safety
of the treatment.

2.2.3.3 Sediment sampling

Rotenone, rotenolone, and the semivolatile organic compounds (naph-
thalene and methyl naphthalene) are transient in sediment from treat-
ment areas. The reduction of concentrations of these materials in sedi-
ments appears to lag about 1 to 2 weeks behind the reduction of
concentrations in water (see Section 5). Rotenone is not expected to be
biologically active in the sediment or upon resuspension of the sediment;
however, it may be prudent to wait until residues in the sediment de-
grade to nondetectable levels before restocking fish.

2.2.3.4 Biological monitoring

Live-cages containing sentinel fish (normally the target species or a spe-
cies with the same or less sensitivity to rotenone than target species) may
be placed vertically and horizontally throughout the treatment area to
serve as indicators that lethal concentrations of rotenone were applied.
Placing sentinel fish in adjacent water as a control will verify that mor-
tality is due to rotenone and not other factors. Caged fish placed down-
stream of neutralization areas will confirm successful dissipation of ro-
tenone. Use this technique before restocking to assure survival of fish in
the treatment area.

2.3 PROJECT IMPLEMENTATION AND MANAGEMENT

The last stage before treatment is to finalize plans for all operations asso-
ciated with the project. Develop a crisis management plan for large, high
profile, or controversial projects well before the rotenone treatment is
implemented (see Section 2.4.2). A project schedule and structure are
needed to organize large projects. For large, complex, or controversial
projects, you may wish to employ a version of an Incident Command
System (ICS) to organize the various functions (NIFC 1994; see Appen-
dix D). For some treatments no ICS may be needed, while others may
require many of the ICS’s functional elements. Regardless of the struc-
ture chosen, only qualified personnel (e.g., Pest Control Advisor or Quali-
fied Applicator) knowledgeable of rotenone and these guidelines must
supervise the treatment. Administrative approval for the treatment is
obtained from the highest possible level in the fish and wildlife agency
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commensurate with the scope of the project, ensuring adequate agency
review. Assignments should be made for completing the project-specific
work plans by specific dates. Each plan must contain sufficient informa-
tion and detail so others can use the plan and complete the needed activ-
ity without assistance. Complete all plans at least one month before treat-
ment to allow for sufficient review and approval time. Also, ensure that
all approvals from other agencies have been obtained and documented
(see Section 2.1.3). Depending on the size, complexity, and location of
the treatment, plans may be needed for some or all of the following op-
erations.

2.3.1 Public involvement plan

Update and modify the PIP (see Section 2.1.4.3) as necessary based on
public input received to date.

2.3.2 Fish rescue and removal of fishing limits plan

Outline the actions and schedule of events needed for a fish rescue and
possible removal of fishing limits (see Section 2.1.5.7) if these are ele-
ments of the project.

2.3.3 Rotenone application plan

Outline the actions and schedule of events required to treat the water
body (see Section 2.1.5.3). This may include the developing a schedule
for dewatering an impoundment before treatment.

2.3.4 Monitoring plan

Outline the actions and schedule of events required to monitor the treat-
ment (see Section 3.4; see Appendix E for example).

2.3.5 Site safety plan

Indicate the safety gear and practices required to ensure a safe and con-
tamination-free application. An on-site safety training exercise before
application (see Section 3.3; Appendix F for example) may be useful.
Include a safety contingency plan for accidents that involve personnel
(e.g., determine nearest hospital, type of first aid required, etc.).

2.3.6 Site security plan

Indicate where the operation will be staged and the security required for
the storage of equipment, rotenone, and other materials, and for the safety
of personnel. Indicate the actions and schedule of events required to at-
tain the level of security required. Consider controlling public access (an-
gling and boating) to the treatment area to limit liability and interference.
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2.3.7 Fish removal and disposal plan

Indicate if dead fish will be removed. If they are to be removed, indicate
by whom, when, where, and how the fish will be disposed of and if
approvals or permits are needed. Indicate the actions and schedule of
events required to remove and dispose of fish.

2.3.8 Spill contingency plan

Indicate how the rotenone and the detoxifier of rotenone, potassium per-
manganate, will be transported to the site, how it will be stored on-
site until application, what precautions will be taken to prevent spills,
and how spills will be neutralized and cleaned up if the need arises. Also
indicate the names and numbers of government agencies to be notified
in the event of a spill (see Appendix G for example).

2.3.9 Site neutralization plan

Indicate the location of the neutralization site, anticipated dates of op-
eration, type of neutralizing agent, desired concentration, estimated
amount of neutralizing agent required, application device, frequency of
monitoring, and personnel requirements (see Section 2.1.5.3).

2.3.10 Communication plan

Detail how personnel will communicate with one another and the news
media during the treatment. This is especially important when coordi-
nating rotenone application at booster stations and neutralization sta-
tions at various locations along a stream.

2.3.11 Restocking plan

Indicate the actions and schedule of events required to restock the water
body (see Section 2.1.5.8)

2.3.12 Records maintenance plan

Written records of all decisions and significant events that involve plan-
ning and execution of the project must be kept for a posttreatment de-
briefing and possible litigation.

2.4 TREATMENT

The planning process outlined in Sections 2.1 through 2.3 should have
prepared the fish and wildlife agency technically, politically, socially, and
legally for the rotenone treatment which is described in Section 3. The
agency must understand the techniques for rotenone use in Section 3 to
provide a sound foundation for planning a treatment. It is imperative
that these planning activities occur before treatment, commensurate with
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guidance in Section 2.0. The treatment occurs at the end of the planning
process. Once the treatment has begun, the success of the project-spe-
cific work plans in meeting objectives should be monitored and, if nec-
essary, amended to achieve the necessary objectives.

2.4.1 Monitor ongoing public relations

The PIP drafted during preliminary planning should be fully imple-
mented before treatment. Monitor ongoing public relations during and
immediately following the treatment.

2.4.2 Crisis management strategies

Crises typically result from adverse public reaction to, or excessive me-
dia interest in, an unplanned event during or following the treatment.
Examples from recent rotenone treatments include (1) failure of the neu-
tralization operation, killing fish outside of the treatment area, (2) strong
“pesticide” odors resulting in complaints and reported illnesses, (3) chemi-
cals in the rotenone formulation persisting for longer periods than antici-
pated, and (4) failure of the treatment to accomplish the stated objectives.

2.4.2.1 Crisis management plan

This action plan prepares you for any negative development that may
jeopardize the rotenone application or its favorable outcome. Before treat-
ment, identify a crisis team that will act as an early alert group to de-
velop the situation response and then use the appropriate crisis team
participants and support groups.
• The crisis team

The crisis team should include (1) early alert members (i.e., persons
who can handle the crisis and devote exclusive time to the crisis), (2)
primary response members (e.g., technical experts in various disci-
plines), and (3) secondary response members (e.g., high-level persons
in your agency, elected officials).

• Situation response
The situation response comprises the following steps: (1) define the
problem and scope; (2) identify targets and issues; (3) select appropri-
ate crisis team; (4) gather facts; and (5) identify a spokesperson.

• Targets and issues
Consider public relations and natural resources (all aspects of involve-
ment— environment, birds, animal rights and welfare, etc.) when iden-
tifying the targets and issues.

• Support groups
Support groups normally consist of members of (1) research groups,
(2) sports clubs, associations, and organizations, and (3) advocate and
regulatory governmental agencies. Gain support before the incident
becomes a major crisis.
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2.4.2.2 Managing a crisis

The following is a step-by-step method of managing a crisis.
• Define the real problem

Gauge public actions and opinions, perhaps by using a newspaper
clipping service. Focus on long-term consequences; do not focus on
the details. Delegate details to support groups.

• Identify a crisis team
Choose the team carefully for the situation from your preselected lists
(early alert, primary response, and secondary response members).
These individuals should devote themselves entirely to the crisis. Do
not delay; act immediately!

• Resist combative instincts
No matter what circumstances produced the crisis, keep control, or
control of the situation will be lost.

• Centralize control of information
Centralize control of information that is released to the public and
keep the message consistent and clear.

• Communicate and negotiate at the highest level of authority
Communicate and negotiate at the highest level of authority possible.
Follow the chain of command and brief all involved. Keep adminis-
tration informed.

• Contain problem quickly
Contain the problem quickly and stop the erosion of public confi-
dence.

2.4.2.3 Media relationships

• Be prepared
Success with the media depends on preparation. Organize facts, an-
ticipate questions, and plan concise answers. Write down two or three
important messages (specific information you want the public to hear)
in advance.

• Be honest
Provide accurate information and be completely honest. Do not try to
fool reporters or the public. If an answer is not known, admit it, but
make the effort to provide the answer later. Do not speculate!

• Understand the media
Make sure the spokesperson understands the needs of the different
media. Be sensitive to reporters’ deadlines. They have a job to do.

• Be accessible and return calls quickly
• Stick to the facts

Stay with the topic at hand. Keep the interview on track by emphasiz-
ing essential points.

• Be brief
Answer in quotable statements of a duration of 20 seconds or less.
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• Educate
Explain scientific and technical information carefully. Use plain En-
glish, not jargon.

• Avoid confrontation
Stay calm! Do not argue, lose composure, or confront reporters. If ques-
tions are stated inaccurately or combatively, simply correct the remarks
in the answer and do not repeat inflammatory words used in the ques-
tion.

• Demonstrate leadership
Let the media know the situation is under control and emphasize what
is being done to correct any problem. Offer positive actions and solu-
tions.

• Interview composure
Take charge, anticipate questions, develop a key message in advance,
stick to the facts, and remain calm.
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MEMORANDUM OF UNDERSTANDING BETWEEN THE

CALIFORNIA DEPARTMENT OF FISH AND GAME

AND THE

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD—L AHONTAN REGION

ON ROTENONE USE IN FISHERIES MANAGEMENT

APPENDIX B
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USE OF THE FISH TOXICANT ROTENONE

Memorandum of Understanding
Between the

California Water Quality Control Board
Lahontan Region

and the
California Department of Fish and Game

This Memorandum of Understanding (MOU) is entered into by and between
the California Regional Water Quality Control Board, Lahontan Region (hereinafter
“Regional Board”) and the California Department of Fish and Game (hereinafter “De-
partment”). This MOU constitutes an agreement regarding the Department’s use of the
fish toxicant rotenone.

The Regional Board has been invested by the people of the State with the re-
sponsibility to maintain water quality in the Lahontan Region. The Regional Board per-
forms this function by developing and enforcing policies and standards for water qual-
ity in the Region. These standards and policies are contained in the Water Quality Control
Plans for the Lahontan Region (Basin Plans), and apply to any activity which might
affect water quality.

The Department of Fish and Game has been invested by the people of the State
with the responsibility to carry out a variety of fishery management activities. These
activities are designed to protect and maintain valuable sport fisheries and aquatic eco-
systems. The Department is also responsible under State and Federal law for the resto-
ration and protection of threatened and endangered species.

The Department has determined that in order to carry out effective manage-
ment programs, it is sometimes necessary to completely eliminate existing fish popula-
tions in designated areas. This practice provides optimum conditions for propagation
of healthy, desirable fish. One method of eliminating existing fish populations has been
through the application of rotenone. The Department has assessed the practicality and
potential effectiveness of alternatives to rotenone use, and concluded that in certain
situations the use of rotenone will be critical for success in achieving its management
objectives. The Department has therefore proposed the use of rotenone for manage-
ment purposes. However, the use of rotenone entails a number of short-term impacts
on the quality of treated waters, and is therefore of concern to the Regional Board.

The Regional Board amended its Basin Plans in 1990 to include a policy regard-
ing the Department’s use of rotenone. The policy applies to rotenone use for the follow-
ing types of activity: 1) the restoration or enhancement of threatened or endangered
species; 2) the control of fish diseases; and 3) the eradication of harmful prohibited or
harmful “exotic” (i.e., introduced) species. The policy may also be extended to apply to
other types of fishery management projects on a case-by-case basis when there is suffi-
cient justification.

The two agencies agreed to enter into this Memorandum of Understanding in
order to better meet their mutual objectives. This Memorandum was subsequently pre-
pared, and applies only to proposed rotenone projects that fall within the provisions of
the Basin Plans.
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IT IS HEREBY AGREED THAT:

I. For each proposed rotenone treatment project, the Department will provide the
following specified items and project specific information to the Regional Board in
advance of the proposed project start-date. In providing the specified items the
submittal may reference other pertinent documents when those documents have
been previously submitted to the Regional Board:
A. Project Map

Clearly delineating the proposed treatment area, approximate locations of any
expected rotenone drip stations and project boundaries, and approximate loca-
tion of the detoxification station.

B. Project Officials
Names of Department contact person for the project, and the project leader.

C. Site selection
1. Completed DFG form 7401 for the project (Attachment A hereto) includes

criteria used to judge project priority, and general information about project
site.

2. Completed DFG form 6801 for the project (Attachment B hereto). Contains
information regarding spill contingency plan, information plan, potable water
supplies, monitoring programs, treatment rates, and government and pub-
lic notification.

3. List of steps taken to fulfill the Department’s internal review procedure (as
outlined in section VI of the EIR), including a list of officials who reviewed
and approved the documents, and dates of review and approval.

4. A list of specific target organisms.
5. Copies of all California Environmental Quality Act (CEQA) documents and

accompanying information, and certification of CEQA compliance.
D. Public and Governmental Notification

1. Dates of any public hearings.
2. List of potentially affected sources of potable surface and groundwater in-

takes, and description of steps that were taken to identify these intakes.
3. Plans for notification of potentially affected residents or other potential users

of the affected area.
E. Project Planning

1. The expected project start-date.
2. The Department’s project-specific assessment of the potential effectiveness

of  using alternatives to rotenone, according to detailed evaluation proce-
dure described in the Department’s 1985 Programmatic Environmental Im-
pact Report Rotenone Use for Fisheries Management, Section IV (hereinafter
referred to as EIRII).

3. The name and manufacturer of the commercial rotenone formulation to be
used.

4. Lot numbers of formulation that will be used.
5. Results of organic analytical scans for each lot of formulation that will be

used. The scans must be performed by a laboratory certified for hazardous
waste analysis.

1 Forms DFG 680 and 740 available from California Department of Fish and Game, 1701 Nimbus Road,
Suite F, Rancho Cordova, California 95670, USA.
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6. Planned method of application (for example, by helicopter, drip station, or
by hand-spraying).

7. Planned application rate and the rationale for choosing this rate considering
the sensitivities of target organisms.

8. Methods and calculations (should consider site volumes, surface areas, and
flows), and plans for calibrating application equipment to achieve planned
application rate.

9. Methods and calculations (should consider flows and other applicable site
conditions), and plans for calibrating detoxification equipment to achieve
minimum effective concentration of potassium permanagate (a detoxifying
agent).

10. Specific quantities of chemicals to be transported, intended methods of trans-
portation and storage.

11. Spill contingency plan (to include containment and cleanup measures, emer-
gency notification plans and emergency chain of command).

12. Plans for disposal of dead fish.
13. List of criteria for determining the need to begin detoxification, and for de-

termining that detoxification can be safely discontinued.
14. Details of how the Department intends to provide drinking water to resi-

dents, it monitoring indicates that water supplies have been contaminated
(this item is required as part of the submittal only if there is a significant risk
of contamination to drinking water supplies).

15. Detailed treatment plan if the treatment is to take place over two or more
days. This plan should describe which portions of the project site will be
treated in what order and in what time frame.

F. Monitoring
1. Scaled map and description of proposed ground and surface water sam-

pling stations and sampling schedules.
2. Copy of intended reporting format (tables) for reporting monitoring results

(including format for reporting results of Quality Control measures such as
replicates, spikes, and reference standards).

3. Name, address, phone number and contact person of the laboratory that will
be conducting chemical analysis of monitoring samples.

4. Proof of laboratory certification.
5. Copy of the laboratory Quality Assurance/Quality Control program.

II. The Department will work with the U.S. Fish and Wildlife Service in developing
more effective rotenone formulations with less objectionable ‘inert’ ingredients.
The Department will provide annual updates to the Regional Board on these de-
velopments.

III. The Department has estimated that fifteen to thirty minutes of contact time is re-
quired between rotenone-treated water and potassium permanganate for complete
detoxification. Therefore the Department will conduct a travel time study before
each project to estimate the distance covered in a 30-minute travel time starting at
the detoxification station. The results of the study will be submitted to the Re-
gional Board Executive Officer at least seven (7) calendar days prior to treatment.
Project boundaries will then be defined as encompassing the treatment area, the
detoxification area, and the area downstream of the detoxification station up to the
thirty-minute-travel-time point.

ROTAPPB.p65 04/24/2000, 10:06 AM53



54 ROTENONE USE MANUAL

IV. Within two years of the last treatment date for a given project, the Department will
send a qualified biologist to the project site to assess the condition of the treated
waters and the condition of fish and invertebrate populations in those waters, and
certify that beneficial uses have been restored.

V. Deviations from project-specific plans may occur only upon prior mutual agree-
ment between the two parties.

VI. For the purposes of this memorandum, proposed projects will be defined either as
“new projects”, “repeat projects”, or “emergency projects.” Because rotenone
projects typically require treatment during several consecutive years, projects that
have not yet undergone their first year of treatment will be considered “new
projects.” Those projects that have undergone treatment in previous years, and
that have been reviewed in conformance with the procedures outlined in this memo-
randum, will be considered “repeat projects.’’ (The current Upper Truckee River/
Meiss Meadows project will initially be considered a “repeat project.”) Projects
requiring immediate action, and which have been officially designated as emer-
gencies by the Director of the Department, will be considered “emergency projects.”
All currently planned projects will be considered new projects for the purposes of
this memorandum, except for the Upper Truckee River/Meiss Meadows project,
which will be considered a repeat project.

VII. The Department will provide the items and information described in Section I of
this memorandum no later than sixty (60) calendar days before the anticipated
start of any now project, thirty (30) calendar days before the start of any repeat
project, and seven (7) calendar days before the start of any emergency project. The
Department will notify the Regional Board immediately upon any Departmental
decision to initiate an emergency rotenone project.

VIII. Based on the information submitted under Section I above, the Regional Board
Executive officer will determine whether the proposed project is consistent with
applicable provisions of the Basin Plans and meets the following criteria:

1. The Basin Plan limitations for chemical residue levels resulting from roten-
one use can be met.

2. The planned treatment protocol will result in the minimum discharge of
chemical substances that ran reasonably be expected for an effective treat-
ment.

3. Chemical transport, spill contingency plans, and application methods will
adequately provide for protection of water quality.

4.  Suitable measures will be taken to notify the public, and potentially affected
residents.

5. Suitable measures will be taken to identify potentially affected sources of
potable surface and groundwater intakes, and to provide potable drinking
water if necessary.

6. A suitable monitoring program will be followed to assess the effects of treat-
ment on surface and groundwater, and on bottom sediments.

7. The Department has gone through the process required by the California
Environmental Quality Act (CEQA).

8. The Department has gone through the processes set forth in its Environmen-
tal Impact Report “Rotenone Use for Fisheries Management” (1985).
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16. The chemical composition of the rotenone formulation has not changed sig-
nificantly in such a way that potential hazards may be presented which have
not been addressed.

17. Plans for disposal of dead fish are adequate to protect water quality.
The Executive Officer may request revisions to the proposed plans, or additional
information from DFG, before making the determination. The Executive Officer
must either notify the Department of his determination, request specified addi-
tional information, or request revisions to the plans, within the following time
schedule:

i) new projects— within thirty (30) calendar days from receipt of the submittal.
ii) repeat projects— within fifteen (15) calendar days from receipt of the submittal.
iii) emergency projects— within four (4) calendar days from receipt of the submittal.

If additional information or revisions are requested the Department will have seven
(7) calendar days for new or repeat projects, or two (2) calendar days for emer-
gency projects, from the date that the request is made, to provide the information
to the Executive Officer. If the Department fails to meet this deadline, the Execu-
tive Officer may, at his/her discretion determine that the proposed project has
failed by default to meet the criteria.
If additional information or revisions are provided according to schedule, the Ex-
ecutive Officer will have seven (7) calendar days for new or repeat projects, or two
(2) calendar days for emergency projects, from the date that the requested material
is received, to make the final determination.
If the Executive Officer fails to make the determination within the allotted time,
the determination will be made by default, and the project will be considered to
have successfully met the criteria.

IX. Should the Executive Officer determine that a proposed project cannot meet appli-
cable provisions of the Basin Plan, or cannot meet the criteria listed in Section VIII
above, he/she will notify the Department immediately. The two parties may then
elect to schedule a meeting to settle any disputed issues. The meeting shall take
place within seven (7) calendar days of the determination for new or repeat projects,
or within two (2) calendar days of the determination for emergency projects. The
meeting will take place between the Executive Officer of the Regional Board and
the Director of the Department, or their designated representatives. If the dispute
is settled through this meeting, the Executive Officer will have two (2) calendar
days to make a new determination. However, if any issues remain unresolved af-
ter such a meeting, or if the parties should decline to participate in such a meeting,
either party may choose at that time to abrogate this memorandum in writing. In
such a case, this entire agreement will be immediately nullified and each party will
then take the course of action, which it considers appropriate. If nullified, this
memorandum may be renewed at a later time by the written consent of both par-
ties. If the Department wishes, it may petition the Regional Board within seven (7)
calendar days of receiving the determination, to review the determination of the
Executive Officer.

X. To facilitate evaluation of monitoring results, monitoring reports provided to the
Regional Board by the Department will include the specific time of day at which
each sample was collected. A separate report will be included which notes the date
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on which each sample was analyzed, and which provides the results of laboratory
Quality Control checks that were performed on that day (such as checks for accu-
racy, precision, and percent recovery).

XI. The Department will provide all monitoring results, and results of Quality Control
checks, to the Regional Board within sixty (60) calendar days of the last day on
which samples are taken for the project. If the Regional Board takes any samples
for the project, they will provide the analytical results from those samples to the
Department, within sixty (60) calendar days of the last sampling date.

XII. This Memorandum of Understanding shall become effective after execution and
shall remain in force until terminated by written notice by either party.

XIII. This Memorandum of Understanding may be ammended as mutually agreed upon
by the Department of Fish and Game and the Regional Board.

XIV. This memorandum does not constitute a waiver, on the part of either party, of any
existing rights or statutory obligations. This agreement is designed to operate as a
complement to each party’s legislative mandates and policies, without infringing
the right of either party to fulfill its legal responsibilities.

XV. All notices and communications under this Memorandum of Understanding shall
be addressed to the following:

Peter Bontadelli Harold J. Singer
Director Executive Officer
1916 Ninth St. P.O. Box 9428
Sacramento, CA  95814 South Lake Tahoe, CA  95731

This Memorandum of Understanding is executed on the date of the most recent signa-
ture below, by the following authorized representatives of the parties.

Peter Bontadelli Date
Director
California Dept. of Fish & Game

Harold J. Singer Date
Executive Officer
California Regional Water Quality Control Bd.
Lahontan Region
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ENVIRONMENTAL CHECKLIST FORM

PROJECT LOCATION:
CITY COUNTY

PROJECT ADDRESS:
DESCRIPTION OF PROJECT:
ENVIRONMENTAL IMPACTS:
(Form requires that an explanation of all “yes” and “maybe” answers be provided along with this
checklist, including a discussion of ways to mitigate the significant effects identified. You may attach
separate sheets with the explanations on them.)

Yes Maybe No
I. EARTH. Will the proposal result in:

a) Unstable earth conditions or in changes in geologic ¤ ¤ ¤
substructures?
b) Disruptions, displacements, compaction, or overcovering ¤ ¤ ¤
of the soil?
c) Change in topography or ground surface relief features? ¤ ¤ ¤
d) The destruction, covering, or modification of any unique ¤ ¤ ¤
geological physical features?
e) Any increase in wind or water erosion of soils, either on or ¤ ¤ ¤
off the site?
f) Changes in deposition or erosion of beach sands, or ¤ ¤ ¤
changes in siltation, deposition, or erosion which may modify
the channel of a river or stream or the bed of the ocean or any
bay, inlet, or lake?
g) Exposure of people or property to geologic hazards, such ¤ ¤ ¤
as earthquakes, landslides, mudslides, ground failure, or
similar hazards?

II. AIR. Will the proposal result in:
a) Substantial air emissions or deterioration of ambient air ¤ ¤ ¤
quality?
b) The creation of objectionable odors? ¤ ¤ ¤
c) Alteration of air movement, moisture, or temperature, or ¤ ¤ ¤
any change in climate, either locally or regionally?
III. WATER. Will the proposal result in:
a) Changes in currents, or the course of direction of water ¤ ¤ ¤
movements, in either marine or freshwaters?
b) Changes in absorption rates, drainage patterns, or the rate ¤ ¤ ¤
and amount of surface runoff?
c) Alterations to the course or flow of floodwaters? ¤ ¤ ¤
d) Changes in the amount of surface water in any water body? ¤ ¤ ¤
e) Discharge into surface waters or in any alteration of surface ¤ ¤ ¤
water quality, including, but not limited to, temperature,
dissolved oxygen, or turbidity?
f) Alteration of the direction or rate of flow of groundwaters? ¤ ¤ ¤
g) Change in the quantity of groundwaters, either through ¤ ¤ ¤
direct additions or withdrawals, or through interception of
an aquifer by cuts or excavations?
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Yes Maybe No
h) Substantial reduction in the amount of water otherwise ¤ ¤ ¤
available for public water supplies?
i) Exposure of people or property to water-related hazards ¤ ¤ ¤
such as flooding or tidal waves?

IV. PLANT LIFE. Will the proposal result in:
a) Change in the diversity of species or number of any species of ¤ ¤ ¤
plants (including trees, shrubs, grass, crops, and aquatic plants)?
b) Reduction of the numbers of any unique, rare, or endangered ¤ ¤ ¤
species of plants?
c) Introduction of new species of plants into an area resulting ¤ ¤ ¤
in a barrier to the normal replenishment of existing species?
d) Reduction in acreage of any agricultural crop? ¤ ¤ ¤

V. ANIMAL LIFE. Will the proposal result in:
a) Change in the diversity of species or numbers of any species ¤ ¤ ¤
of animals (birds; land animals, including reptiles; fish and
shellfish; benthic organisms; or insects)?
b) Reduction of the numbers of any unique, rare, or endangered ¤ ¤ ¤
species of animals?
c) Introduction of new species of animals into an area resulting ¤ ¤ ¤
in a barrier to the migration or movement of animals?
d) Deterioration to existing fish or wildlife habitat? ¤ ¤ ¤

VI. NOISE. Will the proposal result in:
a) Increases in existing noise levels? ¤ ¤ ¤
b) Exposure of people to severe noise levels? ¤ ¤ ¤

VII. LIGHT AND GLARE. Will the proposal:
a) Produce new light or glare? ¤ ¤ ¤

VIII. LAND USE. Will the proposal result in:
a) Substantial alteration of the present or planned land use of ¤ ¤ ¤
an area?

IX. NATURAL RESOURCES. Will the proposal result in:
a) Increase in the rate of use of any natural resources? ¤ ¤ ¤

X. RISK OF UPSET. Will the proposal involve:
a) A risk of an explosion or the release of hazardous substances ¤ ¤ ¤
(including, but not limited to: oil, pesticides, chemicals, or
radiation) in the event of an accident of upset condition?
b) Possible interference with an emergency response plan or ¤ ¤ ¤
an emergency evacuation plan?

XI. POPULATION. Will the proposal:
a) Alter the location, distribution, density, or growth rate of ¤ ¤ ¤
the human population of an area?

XII. HOUSING. Will the proposal:
a) Affect existing housing or create a demand for additional ¤ ¤ ¤
housing?

XIII. TRANSPORTATION/CIRCULATION. Will the proposal result in:
a) Generation of substantial additional vehicular movement? ¤ ¤ ¤
b) Effects on existing parking facilities or demand for new ¤ ¤ ¤
parking?
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Yes Maybe No
c) Substantial impact upon existing transportation systems? ¤ ¤ ¤
d) Alterations to present patterns of circulation or movement ¤ ¤ ¤
of people or goods?
e) Alterations to waterborne, rail, or air traffic? ¤ ¤ ¤
f) Increase in traffic hazards to motor vehicles, bicyclists, or ¤ ¤ ¤
pedestrians?

XIV. PUBLIC SERVICES. Will the proposal have an effect upon,
or result in a need for new or altered governmental services in
any of the following areas:
a) Fire protection? ¤ ¤ ¤
b) Police protection? ¤ ¤ ¤
c) Schools? ¤ ¤ ¤
d) Parks or other recreational facilities? ¤ ¤ ¤
e) Maintenance of public facilities, including roads? ¤ ¤ ¤
f) Other governmental services? ¤ ¤ ¤

XV. ENERGY. Will the proposal result in:
a) Use of substantial amounts of fuel or energy? ¤ ¤ ¤
b) Substantial increase in demand upon existing sources of ¤ ¤ ¤
energy or require the development of new sources of energy?

XVI. UTILITIES and SERVICE SYSTEMS. Will the proposal result
in a need for new systems or substantial alterations to the
following utilities:
a) Power or natural gas? ¤ ¤ ¤
b) Communications systems? ¤ ¤ ¤
c) Water? ¤ ¤ ¤
d) Sewer or septic tanks? ¤ ¤ ¤
e) Storm water drainage? ¤ ¤ ¤
f) Solid waste and disposal? ¤ ¤ ¤

XVII. HUMAN HEALTH. Will the proposal result in:
a) Creation of any health hazard or potential health hazard ¤ ¤ ¤
(excluding mental health)?
b) Exposure of people to potential health hazards? ¤ ¤ ¤

XVIII. AESTHETICS.  Will the proposal result in:
a) The obstruction of any scenic vista or view open to the public? ¤ ¤ ¤
b) The creation of an aesthetically offensive site open to ¤ ¤ ¤
public view?

XIX. RECREATION. Will the proposal result in:
a) Impact upon the quality or quantity of existing recreational ¤ ¤ ¤
opportunities?

XX. CULTURAL RESOURCES. Will the proposal:
a) Result in the alteration of or the destruction of a prehistoric ¤ ¤ ¤
or historic archaeological site?
b) Result in adverse physical or aesthetic effects to a prehistoric ¤ ¤ ¤
or historic building, structure, or object?
c) Have the potential to cause a physical change which would ¤ ¤ ¤
affect unique ethnic cultural values?
d) Restrict existing religious or sacred uses within the ¤ ¤ ¤
potential impact area?
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XXI. MANDATORY FINDINGS OF SIGNIFICANCE.
a) Potential to degrade: Does the project have the potential to degrade the quality of the
environment, substantially reduce the habitat of a fish or wildlife species, cause a fish or
wildlife population to drop below self-sustaining levels, threaten to eliminate a plant or
animal community, reduce the number or restrict the range of a rare or endangered plant
or animal, or eliminate important examples of the major periods of history or prehistory?
b) Short-term: Does the project have the potential to achieve short-term, to the disadvan-
tage of long-term, environmental goals? (A short-term impact on the environment is one
which occurs in a relatively brief, definitive period of time. Long-term impacts will endure
well into the future.)
c) Cumulative: Does the project have impacts which are individually limited but cumula-
tively considerable? (A project may impact on two or more separate resources where the
impact on each resource is relatively small but where the effect on the total of those im-
pacts on the environment is significant.)
d) Substantial adverse: Does the project have environmental effects which will cause sub-
stantial adverse effects on human beings, either directly or indirectly?

XXII. DISCUSSION OF ENVIRONMENTAL EVALUATION: (This section may be filled out by
using narrative or by using a form.)

XXIII. DISCUSSION OF LAND USE IMPACTS. (An examination of whether the project would
be consistent with existing zoning, plans, and other applicable land use controls.)
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LAKE DAVIS (PLUMAS COUNTY) NORTHERN PIKE ERADICATION PROJECT

DRAFT ENVIRONMENTAL RECOVERY MONITORING PLAN

CALIFORNIA DEPARTMENT OF FISH AND GAME

This monitoring plan consists of four elements: (1) a chemical monitoring plan; (2) a
toxicological monitoring plan; (3) an invertebrate monitoring plan; and (4) a taste and
odor monitoring plan.

I. CHEMICAL MONITORING

A. Objectives

1. Confirmation that the rotenone concentrations present in the lake were suffi-
cient to eliminate the target species;

2. Confirmation that complete degradation of rotenone and other materials in
Nusyn-Noxfish®  has occurred prior to the restocking of fish and resumption of
public contact with the lake waters;

3. Confirmation that toxic concentrations of rotenone do not impact Big Grizzly
Creek downstream of Big Grizzly Dam;

4. Confirmation that contamination of wells in the area has not occurred;
5. Confirmation that there are no detectable residues of rotenone or other materials

in Nusyn-Noxfish®  in Lake Davis water before it is processed by the Plumas
County Flood Control District Water Treatment Plant as potable water;

6. Confirmation that any water quality impairment caused by the treatment (e.g.,
biological oxygen demand) is mitigated to not negatively impact drinking wa-
ter quality or survival of restocked fish.

B. Materials and Methods

Water samples will be collected using the methods of Harrington and Finlayson (1988)
for surface water and sediment and Sava (1986) for groundwater. Analysis for rotenone
and rotenolone concentrations will be performed by a California Department of Fish
and Game (CDFG) laboratory using methods described in Dawson et al. (1983). Analy-
sis for the other organic constituents and potential contaminants, of the formulation
will be performed by a CDFG laboratory or a private laboratory using U.S. Environ-
mental Protection Agency-approved methods. Replicate samples will be taken for analy-
sis by Department of Health Services (DHS). The numbers of samples given in Tables
A–G does not include samples taken for the DHS.

Preproject monitoring will occur in June, July, August, and September/October
1997. Post-project monitoring will occur as described below with the first day of treat-
ment being Day 0.

1. Sample Collection and Storage
a. Water samples

i) Water sampling for rotenone and rotenolone will utilize 500-ml amber glass
bottles filled to capacity and sealed with teflon-line caps. Water samples for
the non-rotenoid organic constituents of the formulated rotenone product will
be collected in 1000 ml amber glass bottles and volatile organic glass vials.
Grab surface water samples will be taken from the lake, creek, and water
treatment plant. Subsurface water samples will be collected using a Kemmerer
bottle from mid-depth and one foot above the bottom in Lake Davis.
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ii) Water temperatures and the dissolved oxygen content of surface waters
will be recorded at the time of sample collection using a YSI®  model 57 oxy-
gen meter. Water samples for pH, hardness, total organic carbon, ammonia
(or total nitrogen), conductivity, and alkalinity determinations will be col-
lected in 1-L high-density polyethylene bottles from surface water, water treat-
ment plant, and groundwater.
iii) Samples taken for Biochemical Oxygen Demand (BOD) will be taken in 1-
L high density polyethylene jars and transported immediately to the Water
Pollution Control Laboratory (WPCL) for analysis.
iv) Bacteriological analysis will be performed on groundwater samples and
samples taken in the treatment plant. Sampling protocol specified by the DHS
will be followed.

b. Sediment samples
i) Sediment samples will be taken using a sediment core sampler with plastic
liner sleeves. The top 6 in of hydrosoil will be analyzed.

c. Storage
All samples will be stored on ice at a temperature of 4�C and transported to the

Pesticide Investigations Unit (PIU). Sediment samples will be frozen pending analysis.
The samples will be transferred to the WPCL in Rancho Cordova for analysis. The
samples for other organic compounds may be transferred to a contract laboratory for
analysis. Field blanks will be utilized.

2. Analyses
a. Rotenone and Rotenolone— A 500-ml aliquot of a water sample buffered to

pH 5 will be filtered through a preconditioned Sep Pak®  at a rate not to exceed 40 ml/
min using a vacuum pump according to the method of Dawson et al. (1983). Rotenone
and rotenolone will be extracted from the Sep Pak®  with methanol and analyzed on a
Varian®  model 500 high-performance liquid chromatograph on an MCH 10 reverse-
phase column with methanol:water (75:25) mobile phase and wavelength of 275 nm.
The MDL values for rotenone and rotenolone are 2 g/L for a 500-ml sample volume.
Coefficient of variations for duplicate samples from CDFG studies conducted in 1986
and 1987 using this method ranged from 3 to 20%. Rotenone was relatively stable for
six days when stored at 4�C in the absence of light (Harrington and Finlayson 1988).
The objective is to have all samples extracted in methanol within 48 h after collection.

b. Other organic compounds— These samples will be analyzed by a State of
California certified laboratory using EPA methods 502.2 and 8310 for water and EPA
methods 8270B, and 8260A for sediment.

c. BOD— These samples will be analyzed by a State of California certified labo-
ratory using EPA method 5210B.

d. Bacteriological— These samples will be analyzed for total and fecal coliform bac-
teria by a State of California certified laboratory using methods specified by the DHS.

e. Water Quality— These samples will be analyzed using standard APHA meth-
ods.

3. Sample Security and Data Handling
Each sample collected will be accompanied by a Chain of Custody form docu-

menting the sequence of transfer from sample generation to chemical analyses.
The form will include location codes, sampling dates and times, sample de-

scription, and analytical results.
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4. Monitoring Locations: Surface Water Sites
Five sampling transects have been selected for surface water and sediment sam-

pling in the lake. Each transect has two sites, yielding a total of 10 sites on the lake. When
possible, each transect will have one littoral site and one limnetic site. Surface water samples
will be collected at three depths at each site (surface, mid-depth, and bottom).

Three sites on Big Grizzly Creek have been selected for surface water sampling:
a) immediately upstream of the potassium permanganate detoxification station;
b) the 30-minute travel time mark downstream of the detoxification station; and
c) the 60-minute travel time mark downstream of the detoxification station.

5. Monitoring Locations: Other Sampling Sites
Five wells adjacent to or downstream of Lake Davis will be monitored. The camp-

ground well at the USFS Grasshopper Flat Campground will be sampled. Four wells on
private properties will also be sampled; the locations of these four wells have been
determined from a groundwater survey conducted by the Department of Water Re-
sources.

The finished potable water at the plant outlet in the Plumas County Flood Con-
trol District water treatment plant will also be monitored.

6. Sampling Frequency
Sampling schedules have been developed for sampling rotenone in Lake Davis

and Big Grizzly Creek (Table A); inerts in Lake Davis and Big Grizzly Creek (Table B);
water quality in Lake Davis (Table C); rotenone and inerts in Lake Davis sediment (Table
D); wells for rotenone, inerts, and bacteriological analysis (Table E); and water from the
Plumas County Flood Control District Water Treatment Plant (Table F).C. Information
Disclosure

A final report on the monitoring will be supplied to the Regional Water Quality
Control Board-Central Valley Region, the California Department of Health Services, the
Plumas County Health Department, and other interested parties within 60 days after
the completion of monitoring.
D. Supervising Personnel

This study will be conducted by the CDFG Pesticide Investigations Unit under the su-
pervision of Ms. Stella Siepmann. Mr. Brian Finlayson will be the primary contact per-
son for other agencies and the public. All questions should be directed to him at (916)
358-2950.
E. References
American Public Health Association. 1995. Standard Methods for the Examination of Water and Waste-

water. 19th Edition.
Dawson, V., P. Harmon, D. Schultz, and J. Allen. 1983. Rapid method for measuring rotenone in water at
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Federal Register. 1987. Method 502.2; in: Environmental Protection Agency. Guideline establishing test

procedures for the analysis of pollutants in drinking water.
Federal Register. 1992. Method 8010; in: Environmental Protection Agency. Guideline establishing test

procedures for the analysis of pollutants in drinking water.
Federal Register. 1992. Method 8020; in: Environmental Protection Agency. Guideline establishing test

procedures for the analysis of pollutants in drinking water.
Federal Register. 1992. Method 8310; in: Environmental Protection Agency. Guideline establishing test

procedures for the analysis of pollutants in drinking water.
Harrington, J. and B. Finlayson. 1988. Rotenone residues in water following application to Kaweah River

and Tulare Lake Basin, California. California Department of Fish and Game Environmental Services
Division Administrative Report 88-1. Sacramento, California.

Sava, R. 1986. Guide to Sampling Air, Water, Soil and Vegetation for Chemical Analysis. California De-
partment of Food and Agriculture. Sacramento, California.
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II. TOXICOLOGICAL MONITORING

The purpose of toxicological monitoring is to (1) confirm the efficacy of the chemical
treatment in the reservoir and tributaries, (2) to indicate the extent of downstream tox-
icity during the project, and (3) to indicate when the reservoir has detoxified to the
extent that fish can be restocked. These objectives will be accomplished by the place-
ment of live fish at various locations within the lake and downstream of the detox sta-
tion during and after treatment.
A. Materials and Methods

1. Live cars will be placed at five of the chemical monitoring sites (one site on each
transect) and five other locations on the lake, at the 15 minute and 30 minute
sites on Big Grizzly Creek, and in all live tributaries upstream of the lake. Each
live car set in the lake will consist of 3 cages attached to a weighted line sus-
pended from a buoy. The highest cage will be suspended 1 meter from the sur-
face, a cage will be at mid-depth, and the lowest cage will be approximately 1
meter from the bottom of the reservoir. The live cars in the streams will be single
cages. Five rainbow trout will be placed in each cage.

2. In the lake, live cars will be set up before Day 0 and left in place until Day 21 (or
later if conditions require). Fish will be checked daily. During the treatment,
fish will not be replaced in lake live cars. Once fish at all lake locations die, the
live cars will not be restocked with fish until Day 14. Fish will be replaced every
2 days if still alive.

3. Live cars in Big Grizzly Creek will be set up on Day 0 and checked three times
daily. Dead fish will be replaced in the live cars used for detoxification. Fish will
be replaced every 2 days if still alive.

4. Cages will be removed when fish survive and it is determined by chemical moni-
toring that the reservoir has detoxified.

III. INVERTEBRATE MONITORING

This monitoring study is designed to determine the effects of rotenone on the recovery
of aquatic invertebrate populations in Lake Davis.

The monitoring study will consist of two components: littoral macroinvertebrate
sampling and plankton sampling. Sampling will take place in June, September, and
October (posttreatment) of 1997 and in June and September of 1998.
A. Sampling Procedures

1. Littoral Macroinvertebrate Sampling
The littoral macroinvertebrate community will be sampled according to the

California Lentic Bioassessment Procedures in productive shallow coves on the west
side of the lake in July, September, and October (posttreatment) of 1997 and in June and
September of 1998 and 1999. Ten wadable coves will be sampled by sweeping the sub-
strate with a slack net. Five two to four meter transects will be sampled per cove. Con-
tents of the net will be sieved and stored in 95% ethanol. The samples will be sent to the
Water Pollution Control Laboratory for analysis.

2. Zooplankton Sampling
The zooplankton community will be sampled according to the California Lentic

Bioassessment Procedures. Samples will be taken in productive shallow coves on the
west side of the lake in July, September, and October (posttreatment) of 1997 and in
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June and September of 1998 and 1999. Ten coves will be sampled from a boat. In each
cove, a plankton net will be swept vertically at a set rate. The sample will be sieved and
stored in 95% ethanol. The samples will be sent to the Water Pollution Control Labora-
tory for analysis.
B. Sample Analysis

Samples will be analyzed using California Stream Bioassessment Procedures—
Macroinvertebrate Laboratory and Data Analyses. Upon arrival at the WPCL, sample
jars will be opened and the contents evenly distributed in a gridded (5 cm2) white enam-
eled tray. Contents from randomly chosen grids will be used as subsamples.
Macroinvertebrates from subsamples will be identified to the lowest possible taxonomic
level. Taxonomic lists, diversity indices, and the following bioassessment metrics were
generated for each sample: species richness (total number of genera and/or species
present), Modified Hilsenhoff Biotic Index (family level tolerance values), percent con-
tribution of dominant taxon (ratio of numerically dominant taxon to the total number
of organisms), and EPT Index (total number of distinct taxa within the orders
Ephemeroptera, Plecoptera, and Trichoptera).
C. Information Disclosure

A final report on the monitoring will be supplied to interested parties within 60 days
completion of monitoring.

IV. TASTE AND ODOR MONITORING

Taste and odor of Lake Davis water will be tested before and after treatment to deter-
mine if treatment affects the potability of the water. Tragon Corporation has been con-
tracted to perform this work.
A. Materials and Methods

1. In 1997, samples will be taken in June, August, October and twice in the month that
the treatment plant is put back online. In 1998, samples will be taken in September.

2. Four water samples will be collected by CDFG from the water treatment plant
and from three sites which receive water from Lake Davis during each sam-
pling event. Two of these sites will be located in the City of Portola and one will
be located in the Grizzly Lake Resort Improvement District. The samples will
be collected in 1 gallon glass jugs.

3. Water samples will be transported to Redwood City and delivered to Tragon
Corporation. Sample transport protocol (e.g., temperature) will be specified by
Tragon. Within 72 hours of sample receipt, Tragon will use a panel of 25 screened
consumers to evaluate the taste and odor of water from the treatment plant.

4. Tragon will provide CDFG with a report within five weeks of receiving the
samples.
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DL.A.1.1to31 3 3 3 3 3 3 3 3 24
DL.A.2.1to3 3 3 3 3 3 3 18
DL.B.1.1to3 3 3 3 3 3 3 18
DL.B.2.1to3 3 3 3 3 3 3 18
DL.C.1.1to3 3 3 3 3 3 3 3 3 24
DL.C.2.1to3 3 3 3 3 3 3 18
DL.D.1.1to3 3 3 3 3 3 3 18
DL.D.2.1to3 3 3 3 3 3 3 18
DL.E.1.1to3 3 3 3 3 3 3 3 3 24
DL.E.2.1to3 3 3 3 3 3 3 18
BGC.12 1 3(6) 3(3) 3(6) 3(18) 3(18) 67
BGC2 1 3(6) 3(3) 3(6) 3(18) 3(18) 67
BGC3 1 1(2) 1(1) 1(2) 1(6) 1(6) 22
Total 9 9 33 51 44 46 79 79 332

1 DL=Davis Lake; A.=Transect A; A.1.=Site 1 of Transect A; A.1.1=Surface of Site 1 of Transect A;
A.1.2=Mid-depth of Site 1 of Transect A; A.1.3=Bottom of Site 1 of Transect A.
2 BGC=Big Grizzly Creek; 1=U/S detox station; 2=30 min D/S detox, 3=60 min D/S detox.

Sampling Schedule A Lake Davis and Big Grizzly Creek water for rotenone.

Number of samples for rotenone, temperature, and dissolved oxygen by transect, site, and depth

Site Jun Aug Day -2 Day 2 Day 4 Day 7 Day 14 Day 21 Total
(0–1) (3) (5–6) (8–13) (15–20)

DL.A.1.1to33 3 3 3 3 3 3 3 3 24
DL.A.2.1to3 3 3 3 3 3 3 18
DL.C.1.1to3 3 3 3 3 3 3 3 3 24
DL.C.2.1to3 3 3 3 3 3 3 18
DL.E.1.1to3 3 3 3 3 3 3 3 3 24
DL.E.2.1to3 3 3 3 3 3 3 18
BGC24 1 1 1 1 1 1 6
BGC3 1 1 1 1 1 1 6
Total 9 9 20 20 20 20 20 20 138

Sampling Schedule B Lake Davis and Big Grizzly Creek for inert compounds.

3 DL=Davis Lake; A.=Transect A; A.1.=Site 1 of Transect A; A.1.1=Surface of Site 1 of Transect A;
A.1.2=Mid-depth of Site 1 of Transect A; A.1.3=Bottom of Site 1 of Transect A.
4 BGC=Big Grizzly Creek; 2= 30 min D/S detox, 3 = 60 min D/S detox.

Number of samples for EPA 502.2 and 8310 by transect, site, and depth

Site Jun Aug Day -2 Day 2 Day 4 Day 7 Day 14 Day 21 Total

DL.A.1to3 3 3 3 3 12
DL.C.1to3 3 3 3 3 12
DL.E.1to3 3 3 3 3 12
Total 9 9 9 9 36

Sampling Schedule C Lake Davis water for water quality (pH, BOD, alkalinity, hardness, total
organic carbon, conductivity, and ammonia (or total nitrogen).

Number of samples for water quality by transect and site

Site Aug Day -2 Day 7 Day 21 Total
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DL.A.1 1 1 1 1 1 5
DL.B.1 1 1 1 1 1 5
DL.C.1 1 1 1 1 1 5
DL.D.1 1 1 1 1 1 5
DL.E.1 1 1 1 1 1 5
Total 5 5 5 5 5 25

Sampling Schedule D Lake Davis sediment for rotenone and inerts.

Number of sediment samples for rotenone and EPA 8310, 8010, and 8020 transect and site

Site Day -2 Day 2 Day 7 Day 14 Day 21 Total

Well 1 1 1 1 1 1 1 1 1 1 9
Well 2 1 1 1 1 1 1 1 1 1 9
Well 3 1 1 1 1 1 1 1 1 1 9
Well 4 1 1 1 1 1 1 1 1 1 9
Well 5 1 1 1 1 1 1 1 1 1 9
Total 5 5 5 5 5 5 5 5 5 45

Sampling Schedule E Wells surrounding Lake Davis for rotenone, inerts, and bacteriological
analyses.

Number of samples for rotenone , bacteriological, and EPA 502.2 and 8310 by Well

Site June July Aug Day -2 Day 7 Day 21 Day 90 Day 180 Day 365 Total

Day Day reuse Day reuse Day reuse Day reuse Day reuse Day reuse
Analysis Jun Aug Day -2 reuse +2 +4 +7 +14 30 +365 Total

Rotenone 1 1 1 1 1 1 1 1 1 9

502.2 & 8310 1 1 1 1 1 1 1 1 1 9

BOD 1 1 1 1 1 1 1 1 1 9

Bacteriological 1 1 1 1 1 1 1 1 9

Taste/Odor5 1 1 1 1 1 1 6

Total 5 5 5 4 5 4 4 5 4 1 43

Sampling Schedule F Collection of water from Plumas County Flood Control District Water Treat-
ment Plant.

Number of potable water samples for rotenone, bacteriological, BOD, EPA 502.2 and 8310 and taste/odor

5 Samples will also be taken from three other locations in GLRID and City of Portola for taste and odor
analysis.
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LAKE DAVIS NORTHERN PIKE ERADICATION PROJECT

SITE SAFETY PLAN

CALIFORNIA DEPARTMENT OF FISH AND GAME

This site safety plan is intended to identify and mitigate the potential safety hazards
associated with the California Department of Fish and Game’s (DFG) proposed plan to
eradicate the exotic fish northern pike Esox lucius from Lake Davis, Plumas County,
California. The eradication of northern pike will be accomplished by the application of
two commercial formulations of the piscicide rotenone: Nusyn-Noxfish® , a liquid for-
mulation and Pro-Noxfish® , a powder formulation. Nusyn-Noxfish® and Pro-Noxfish®

are pesticide products that have been registered by the United States Environmental
Protection Agency and the California Department of Pesticide Regulation. This plan is
specifically designed for DFG employees and describes safety procedures and equip-
ment that will be employed during each phase of the Lake Davis project including
pretreatment preparations, the application of Nusyn-Noxfish® and Pro-Noxfish® , ro-
tenone detoxification by potassium permanganate, monitoring, and posttreatment
cleanup activities.

The DFG will use the incident command system (ICS) for coordinating project
activities and for providing a central decision and communication base (Attachment 1).1

The project safety officer (SO), as part of the ICS Command Team, has the primary
authority to monitor and assess hazardous and/or unsafe situations and develop mea-
sures for assuring personnel safety. The SO will provide training sessions and conduct
inspections of equipment and procedures used during the course of this project.

The potential hazards associated with the eradication of northern pike from
Lake Davis can be categorized into the following five groups: (1) pesticide expo-
sure, (2) non-pesticide chemical exposure, (3) spills, (4) general safety hazards, and
(5) heat stress.

1. Pesticide Exposure

Title 3, Chapter 3, Sections 6700 through 6746 of the California Code of Regulations
(CCR) describes the safety precautions required for employees that use pesticides. These
regulations include provisions related to safety training, mixing and loading, pesticide
application, and the handling and clean-up of pesticide containers and application equip-
ment. The use of Nusyn-Noxfish® and Pro-Noxfish® by the California Department of
Fish and Game will be accomplished in full compliance with these regulations, as sum-
marized below. Compliance with state and federal pesticide safety regulations will be
verified by inspections by the California Department of Pesticide Regulation and the
Plumas County Agricultural Commissioner’s Office.

A. Pesticide Application Supervision
The use of Nusyn-Noxfish® and Pro-Noxfish® will be supervised, on-site, by at
least one DFG employee who has obtained his or her Qualified Applicator Cer-
tificate in the Aquatic Category from the California Department of Pesticide Regu-
lation.

1 Attachments 1–10 referenced in Appendix F are available from California Department of Fish and Game,
1701 Nimbus Road, Suite F, Rancho Cordova, California 95670, USA.
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B. Pesticide Safety Training
All DFG employees involved with the Lake Davis Project will receive pesticide
safety training specific to the use of Nusyn-Noxfish®  and Pro-Noxfish® . This
training will satisfy the requirements described in Title 3, CCR Section 6724
(Attachment 2), and the hazard communication (Attachment 3). A pesticide
safety training record, DFG Form 1075, (Attachment 4) will be completed for
each DFG employee who receives training.

C. Pesticide Safety Equipment and Procedures
All DFG employees that handle opened containers of Nusyn-Noxfish®  and Pro-
Noxfish®  and/or participate in the application of these materials, are required
to use the following safety equipment:
1) coveralls (disposable Tyvek® );
2) eye protection (splash goggles or full-face protection provided by the full-

face respirators indicated below); and
3) nitrile gloves.

Additionally, employees must use respiratory protective equipment when han-
dling Nusyn-Noxfish®  and Pro-Noxfish® . Employees working with concentrated Nusyn-
Noxfish®  must use half-mask air-purifying respirators with organic-vapor removing
cartridges with prefilters approved for pesticides (MSHA/NIOSH prefix TC-23C).
Employees working with Pro-Noxfish®  must use full-face respirators with dual car-
tridge fitted with dust filtering cartridges (MSHA/NIOSH prefix TC-21C) and organic-
vapor removing cartridges (MSHA/NIOSH prefix TC-23C).

DFG employees that are required to wear respirators will be provided respira-
tory protection training that includes instruction on how to properly fit and test a respi-
rator. Respirators will be assigned to each applicator by the SO. The use of respirators
associated with rotenone use will be in full compliance with the regulations described
in Title 3, Chapter 3, Section 6738(h) of the California Code of Regulations (Attachment 5).

All equipment must be clean and in good repair at the start of each work day.
Each employee that handles Nusyn-Noxfish®  and Pro-Noxfish®  will be issued 2 sets of
coveralls and gloves. Ripped or otherwise damaged equipment will be replaced as soon
as possible. Extra sets of coveralls, gloves and eye protection (equal to approximately
50% of the total number of rotenone handlers) will be available in the event of equip-
ment damage. Respirator cartridges must changed daily. Extra respirators and cartridges
will also be available at the project site.

The exact specifications for required safety equipment can be found in Attachment 6.

D. Washing Facilities
Clean water, soap, and single-use towels for routine washing of the hands and
face and emergency washing of the entire body will be available at the loading
zone. An emergency eye wash station will be located at the loading zone.

E. Emergency Medical Care
An Emergency Medical Technician (EMT) will be on-site during the applica-
tion portion of the project period. The EMT will be ready to respond to any
medical emergencies, including those related to pesticide exposure. Addition-
ally, the name, address and telephone number of a local physician, clinic, or
hospital that can provide care in the event of a pesticide emergency will be
posted in a prominent location at the Incident Command Post and at the load-
ing zone.
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F. Pesticide Emergencies or Illnesses
Employees that suspect that they have been made ill by the use of Nusyn-
Noxfish®  or Pro-Noxfish®  must go immediately to the onsite EMT. The SO will
be immediately notified of the situation. If necessary, the employee will be in-
structed to remove his or her work clothing, shower, and dress in clean cloth-
ing. In the event of Nusyn-Noxfish®  or Pro-Noxfish®  exposure to the eyes, the
employee’s eyes will be immediately flushed with large amounts of water for at
least 15 minutes. The employee will be attended by the onsite EMT and, if nec-
essary, will be taken to the appropriate medical care facility. Copies of the Nusyn-
Noxfish®  and Pro-Noxfish®  product labels (Attachment 7) and material safety
data sheets (Attachment 8) will be provided to both the onsite EMT and to any
other medical professionals, as needed.

2. Non-pesticide Chemical Exposure

DFG will use the oxidant potassium permanganate to detoxify the rotenone-treated
water in Big Grizzly Creek after its release from the outlet at Grizzly Valley Dam. Potas-
sium permanganate is a strong oxidizer, non-volatile, non-flammable and stable under
normal conditions. Hazardous exposures to potassium permanganate may occur via
inhalation, ocular and dermal routes.

A. Personal Protective Equipment
All DFG employees involved in the use of potassium permanganate are re-
quired to use the following safety equipment:
1) coveralls (disposable Tyvek® );
2) eye protection (splash goggles); and
3) rubber or neoprene gloves.

Employees will be instructed to handle the compound in such a manner as to
reduce the potential for potassium permanganate dust generation. If the possibility of
overexposure to potassium permanganate exists, the use of a dust and mist respirator
(NIOSH-MSHA TC-21C-287) will be required. Respirators will be available on site. DFG
employees that are required to wear respirators will be provided respiratory protection
training that includes instruction on how to properly fit and test a respirator.

All equipment must be clean and in good repair at the start of each work day.
Clean safety equipment will be available on a daily basis for each employee that handles
potassium permanganate. Ripped or otherwise damaged equipment will be replaced
as soon as possible.

B. Washing Facilities
Clean water, soap, and towels for routine washing of the hands and face and
emergency washing of the entire body will be available at the potassium per-
manganate detoxification station. An emergency eye wash station will also be
located at the potassium permanganate detoxification station.

C. Emergency Medical Care
An Emergency Medical Technician (EMT) will be on-site during the applica-
tion portion of the project period. The EMT will be ready to respond to any
medical emergencies, including those related to chemical exposure. Addition-
ally, the name, address, and telephone number of a local physician, clinic, or
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hospital that can provide care in the event of an emergency will be posted in a
prominent location at the Incident Command Post and at the potassium per-
manganate detoxification station.

D. Emergencies or Illnesses
Employees that suspect that they have been injured or made ill by the use of
potassium permanganate during the application portion of the project period
must go immediately to the onsite EMT. The Project SO will be immediately
notified of the situation. If necessary, the employee will be instructed to re-
move his or her work clothing, shower, and dress in clean clothing. In the event
of exposure to the eyes, the employee’s eyes will be immediately flushed with
large amounts of water for at least 15 minutes. The employee will be attended
by the on-site EMT and, if necessary, will be taken to the appropriate medical
care facility. A copy of the potassium permanganate material safety data sheet
(Attachment 9) will be provided to both the onsite EMT and to any other medi-
cal professionals, as needed.

3. Spills

The procedures related to Nusyn-Noxfish®  and Pro-Noxfish®  spill prevention and re-
sponse are described in a separate document, the Northern Pike Eradication Spill Con-
tingency Plan (Attachment 10).

Potassium permanganate spills should be cleaned up immediately by sweeping
or shoveling up the material. Spilled materials should still be used in the rotenone detoxi-
fication process. Disposal of potassium permanganate wastes in landfills is prohibited.

4. General Safety Hazards

Among the general safety hazards that may be encountered during this project are slips,
falls, improper lifting techniques, and heavy equipment or boating accidents. These
potential safety hazards will be evaluated and mitigated via preventative actions.

The loading of Nusyn-Noxfish®  and Pro-Noxfish®  onto application boats will
occur in the loading zone which will be posted as a “Hard Hat Use Area.” No employ-
ees will be allowed within the loading zone without a hard hat and work coveralls.
Forklift or crane operation zones will be posted and a general foot traffic restriction will
be enforced in those zones.

Employees will be required to wear life vests at all times while on boats. Life
vests will be worn in addition to the pesticide application safety gear described in Sec-
tion 1(C).

Employees engaged in fish cleanup and disposal activities will be required to
wear, at the minimum, cotton or Tyvek®  disposable coveralls and disposable cotton or
plastic gloves.

 5. Heat Stress

Heat stress is a potential hazard to employees due to the requirements related to per-
sonal protective equipment. The wearing of moisture-impervious clothing is necessary
to reduce employee exposure to Nusyn-Noxfish® , Pro-Noxfish® , and potassium per-
manganate. The use of moisture-impervious clothing, however, increases the employee’s
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potential for heat stress by reducing the potential for body temperature cooling via
sweat evaporation. All DFG personnel will be fully informed of the hazards related to
heat stress. Further, DFG personnel will be required to drink 4-6 ounces of liquid dur-
ing every 20 minutes of work, take appropriate work breaks and participate in heat
stress monitoring when temperatures exceed 85�F.

Personnel that suspect that they are suffering from the effects of heat stress will
be instructed to go immediately to the onsite EMT. The project safety officer will be
immediately notified of cases of heat stress.
Approvals

_________________________________________________________________
Incident Commander Date
_________________________________________________________________
Safety Officer Date
_________________________________________________________________
Operations Section Chief Date

_________________________________________________________________
Staging Area Manager Date
_________________________________________________________________
Environmental Response Branch Supervisor Date

August 20, 1997
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LAKE DAVIS NORTHERN PIKE ERADICATION PROJECT SPILL CONTINGENCY

PLAN CALIFORNIA DEPARTMENT OF FISH AND GAME

Description of Rotenone and Permanganate Products and Packaging

Two commercial formulations of rotenone will be used during the Lake Davis Project,
Pro-Noxfish®  (EPA Reg. No. 432-829) and Nusyn-Noxfish® (EPA Reg. No. 432-550). Ap-
proximately 130,000 pounds of Pro-Noxfish®  and approximately 11,000 gallons of Nusyn-
Noxfish®  will be stored on-site at the Department of Water Resources (DWR) property
adjacent to Big Grizzly Dam. The Department of Fish and Game (DFG) will take deliv-
ery of the rotenone at this site no earlier than October 1 and not later than October 6,
1997. The Pro-Noxfish®  will be packaged in 200-pound fiber drums and the Nusyn-
Noxfish®  will be packaged in 55-gallon metal drums. Also present will be potassium
permanganate used in the detoxification operation. Approximately 2,424 pounds (suf-
ficient to treat 5 cfs at 3 mg/L for 30 days) will be present in 110- or 330-pound metal
drums. Both rotenone formulations and the permanganate will remain in three or four
tractor trailers used for shipment within the bermed storage area. Immediately prior to
application the rotenone and the permanganate will be removed from the bermed area.
List of Materials:

1. (195) 55-gallon metal drums of Nusyn-Noxfish®  (EPA Reg. No. 432-550) or
10,725 gallons;
2. (650) 200-pound fiber drums of Pro-Noxfish®  (EPA Reg. No. 432-839) or 130,000
pounds; and
3. (24) 110-pound metal drums of potassium permanganate or 2,424 pounds.

Description of Storage Areas

The primary storage area which is adjacent to Big Grizzly Dam will be bermed to con-
tain all of the liquid and powder rotenone and the potassium permanganate. The area
will be graded so that drainage is to Lake Davis. The tractor trailers containing the
rotenone will be locked and watched 24 hours a day. The bermed area will be large
enough to contain all of the powder and the liquid inside the trailers. This will allow all
of the rotenone to be recovered following a catastrophic spill. Total area minimum re-
quired is approximately 70 by 50 feet. The approximate 1,604 cubic feet of Nusyn-
Noxfish® , 3,350 cubic feet of Pro-Noxfish® , and 50 cubic feet of permanganate will re-
quire approximately 5,000 cubic feet of containment. An area of 70 by 80 feet with a
minimum of 12 inches of berm will provide 5,600 cubic feet of containment for the
rotenone and permanganate. The primary storage area will be lined with heavy duty
plastic; the perimeter will be enclosed with bales of hay (foundation for berm).

Portable bilge pumps, hoses, buckets, an empty tanker truck, potassium per-
manganate, shovels, extra bales of hay, clay, complete sets of safety gear, and absorbent
pads will be maintained adjacent to the storage area from delivery date through the
treatment date. At the time of treatment, chemicals will be transferred to the boat ramp,
where they will be loaded onto boats for application.

A secondary storage area for the potassium permanganate will be constructed
adjacent to the detoxification station just downstream of Big Grizzly Dam on Big Griz-
zly Creek. This storage area will be approximately 50 cubic feet and will be lined with
heavy duty plastic; the perimeter will be enclosed with bales of hay (foundation for
berm). This area will be utilized only during the detoxification operation.
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Precautions

Only those pesticide containers which are in use will be opened at the application site.
All personnel involved with the application will be knowledgeable of rotenone’s toxic-
ity, the Site Safety Plan, the rotenone and permanganate product labels, the material
safety data sheets (MSDS), and the Spill Contingency Plan. Additionally, all personnel
will wear proper clothing, eye protection, and respirators as specified in the Site Safety
Plan.

In case of a spill, all personnel will have in possession the telephone numbers of
the DFG Regional Manager, the DFG Pesticide Investigations Unit, the Plumas County
Agricultural Commissioner, the Central Valley Regional Water Quality Control Board
(Redding), California Department of Health Services (Redding), U.S. Forest Service
Supervisor Office (Quincy) and Beckworth Ranger District, the State Office of Emer-
gency Services, the Plumas County Health Department, the California Highway Patrol,
the Plumas County Sheriff’s Office, and the Chemtrec Hotline. All pesticides will be
handled in accordance with the California Department of Pesticide Regulation (DPR)
regulations and any other applicable regulations as specified in the Site Safety Plan.

Chain of Command

The flow of information and responsibility during application of rotenone to Lake Davis
will follow the Incident Command System (ICS) structure (See Figure). The Environ-
mental Response Branch, through the Staging Area Manager, through the Operations
Section Chief will have the responsibility for immediate containment of a spill on-site
(pending approval from the Safety Officer) during the application. For spills which
occur prior to application, the Security Team will contact the Safety Officer, Liaison
Officer, Information Officer, and the Incident Commander for appropriate cleanup in-
structions. All spills which present risk of upset to the environment are to be reported
immediately to the Safety Officer, Liaison Officer, and the Incident Commander.

All mixing operations will be conducted on boats within the target area. Addition-
ally, a DPR- Certified Applicator will be in charge of the Application Team and on the scene
during mixing, loading, and application operations. A reconnaissance of the treatment area
will be conducted by the person in charge of the application immediately prior to treatment.

A list of all known downstream water users on Big Grizzly Creek will be compiled
and available at the storage site. For purposes of this contingency plan, the list will be lim-
ited to water users within ten miles downstream from Lake Davis.

Containment of Spills

In the event a spill occurs, it is of paramount importance that the spilled material be con-
tained. Shovels and other hand tools will be used for immediate containment or
channelization of the spilled material into a containment area. A spill of rotenone inside of
the storage area will be recovered and used in the application. The following actions will be
taken as necessary to contain a spill on ground:

1. Stopping the spillage at its source;
2. Diking in pools as appropriate;
3. Using materials such as clay, soil, sawdust, or straw to absorb standing mate-
rial or collection of standing rotenone by pump or sponge and deposition into
target area; and
4. Neutralizing the spill site with potassium permanganate as necessary.
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Reporting Spills

Land spills of over 20 gallons of Nusyn-Noxfish®  or 100 pounds of Pro-Noxfish®  or
potassium permanganate on the ground or any amount of rotenone below Grizzly Val-
ley Dam into Big Grizzly Creek will be immediately reported to the following entities
by the Incident Command (Safety Officer, Liaison Officer, and Information Officer):

1. DFG Regional Manager (Liaison Officer) Banky Curtis (916) 358-2899
2. DFG Pesticide Investigations Unit Supervisor (Incident Commander) Brian
Finlayson (916) 358-2950
3. Plumas County Agricultural Commissioner Carl Bishop (916) 283-6365
4. Plumas National Forest Supervisor Mark Madrid (916) 283-2050
5. Plumas National Forest Mohawk District Ranger (916) 836-2575
6. Plumas County Environmental Health Director William Crigler (916) 283-6355.
7. California Regional Water Quality Control Board Engineer George Day (916) 224-4854
*8. California Department of Health Services District Engineer Gunther Sturm
(916) 224-4866
*9. California Office of Emergency Services Warning Center 1(800) 852-7550
10. Chemtrec Hotline (800) 424-9300
*12. California Highway Patrol (916) 445- 2211
*13. Plumas County Sheriff’s Office (916) 283-6300
*14. Plumas County Office of Emergency Services Director Andy Anderson (916)
283-6268
For small land spills (under 20 gallons or 100 pounds) which do not threaten the

environment, reporting can be made at the earliest convenience of the applicator and
can be restricted to the first six persons on the above list. In the event of a major spill
(defined by the amount of rotenone in receiving water that could exceed the DHS Ac-
tion Level of 4  g/L rotenone in a potable water supply) into water outside the project
area or onto land which can pass into water outside the project area, all downstream
potable water supplies within ten miles will be immediately notified by DFG personnel
with assistance from government agencies (marked with * above), as necessary.

Spill Treatment

The rotenone which has been spilled and absorbed into the dirt should be removed and
applied to the application area. The contaminated dirt will be treated as if it where the
rotenone pesticide, and all required pesticide application safety gear will be worn. If
there is a spill outside of the project area and there is a chance that the contaminated soil
could wash into surface water out of the project area, then the disposal of the contami-
nated soil to an approved landfill may be required. The permanganate which has been
spilled will be recovered and used, where possible. Disposal of spilled material and
contaminated soil will be made in accordance with requirements of the California Re-
gional Water Quality Control Board (see number 7 on Report Spills). The spilled mate-
rial should be put into the application site (Lake Davis), where possible. All materials in
contact with the rotenone and potassium permanganate will be washed in an area adja-
cent to the reservoir so that all rinsate will flow into project waters.
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Approvals
_____________________________________________________________
Incident Commander Date
_____________________________________________________________
Safety Officer Date
_____________________________________________________________
Operations Section Chief Date
_____________________________________________________________
Staging Area Manager Date
_____________________________________________________________
Environmental Response Branch Supervisor Date
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3
TECHNICAL

PROCEDURES

Rotenone is available in two liquid formulations (5% active ingredient as Noxfish®

or 2.5% active ingredient with 2.5% synergist as Nusyn-Noxfish® ) and one pow-
der formulation (generally 5% or greater active ingredient as Pro-Noxfish® ). These
formulations are available from AgrEvo and are used only for discussion pur-
poses in this manual; other similar products (based on type and percent active
ingredient) are available from other manufacturers, such as Prentiss, and can be
used interchangeably with the referenced products (see Appendix H). Treatment
concentrations of 0.005–0.250 ppm rotenone (0.1–5 ppm formulation) are recom-
mended on AgrEvo labels for Noxfish®  and Pro-Noxfish® . The Nusyn-Noxfish®

(USEPA approved) label recommends the same treatment concentrations of ro-
tenone, but twice (0.2–10 ppm) the concentration of the formulation due to the
percentage of active ingredient in the product (Table 3.1a). These USEPA instruc-
tions do not acknowledge the effect of the synergist that doubles the toxicity of
rotenone to fish; however, this is acknowledged on the Canadian (PMRA ap-
proved) label for Nusyn-Noxfish®  (Table 3.1b). Regardless, most biologists apply
Nusyn-Noxfish®  at the same rate as Noxfish®  or one-half the rotenone concentra-
tion (i.e., 1 ppm Nusyn-Noxfish®  and 1 ppm Noxfish®  have similar effects). This
is not a violation of the label because concentrations of rotenone are within label
allowance. Bioassays (see Appendix I) using water and fish from the treatment
project water will indicate if the intended concentration is lethal.

3.1 TREATMENT OF PONDS, LAKES, AND RESERVOIRS

Ponds, lakes, and reservoirs are characterized by size, depth, and water
quality. Size is an important determinant of effort and planning required
for a rotenone treatment even though similar procedures are followed
on all standing waters. Water quality parameters that include tempera-
ture, pH, alkalinity, algae, organic content, and sunlight penetration in-
fluence the toxicity and rate of natural degradation of rotenone.

Rotenone suppliers (see Section 1.5) generally describe applica-
tions based on the following uses: (1) selective treatment; (2) normal pond
use; (3) removal of bullheads or carp; (4) removal of bullheads or carp in
rich organic ponds; and (5) preimpoundment treatment above dams.
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Treatments of standing waters are further classified as selective,
partial or total removal, or sampling. The objective of a selective treat-
ment is to remove or reduce the population of a selected species by treat-
ing the entire water body with a concentration of rotenone that targets a
particular life stage or species (e.g., remove or reduce the size of a blue-
gill population). A partial treatment has similar objectives, but targets
only specific areas of a body of water for removal of all fish. The objec-
tive of a total removal is to eliminate all fish from the entire water body.
Rotenone is used in many states to sample fish populations by treating
shorelines, coves, or stream reaches. These areas are blocked with nets to
prevent escapement and to facilitate collection of fish. The most com-
mon use of rotenone in North America is for maintenance of sport fish-
eries; the second most common use is to quantify fish populations (see
Appendix A).

Selective treatment 0.005–0.007 0.10–0.13 34–24 0.20–0.25 15–12 0.10–0.13 3.7–2.8
Normal pond use 0.025–0.050 0.5–1.0 6.0–3.0 1.0–2.0 3.0–1.5 0.5–1.0 0.74–0.37
Remove bullheads 0.050–0.100 1.0–2.0 3.0–1.5 2.0–4.0 1.5–0.75 1.0–2.0 0.37–0.185

and carp
Remove bullheads 0.100–0.200 2.0–4.0 1.5–0.75 4.0–8.0 0.75–0.38 2.0–4.0 0.185–0.093

and carp in
organic ponds

Preimpoundment 0.150–0.250 3.0–5.0 1.0–0.60 6.0–10.0 0.50–0.30 3.0–5.0 0.123–0.074
treatment above
dam

Noxfish® Nusyn-Noxfish® Pro-Noxfish®

Table 3.1a. Application rates and concentrations of rotenone needed to control fish (from USEPA
approved labels) in lakes, ponds, and reservoirs. This table indicates that twice the amount of Nusyn-
Noxfish® compared to Noxfish® is required. However, most use Nusyn-Noxfish® at the same rate as
Noxfish®. This practice does not violate the label requirements because Nusyn-Noxfish® is used at a lower
concentration than the label allows. (Source: AgrEvo labels which are in Appendix H, AF = acre-feet).

Active rotenone
Type of use (ppm) ppm AF/gal ppm AF/gal ppm AF/lb

Selective treatment 0.005–0.007 0.10–0.13 9,777–7,821 0.10–0.13 9,777–7,821 0.10–0.13 10,060–7,610
Normal pond use 0.025–0.050 0.5–1.0 1,955–978 0.5–1.0 1,955–978 0.5–1.0 2,020–1,010
Remove bullheads 0.050–0.100 1.0–2.0 978–489 1.0–2.0 978–489 1.0–2.0 1,010–505
and carp

Remove bullheads 0.100–0.200 2.0–4.0 489–244 2.0–4.0 489–244 2.0–4.0 505–250
and carp in organic
ponds

Preimpoundment 0.150–0.250 3.0–5.0 325–196 3.0–5.0 325–196 3.0–5.0 330–200
treatment above dam

Table 3.1b. Metric equivalents of application rates and concentrations of rotenone needed to control
fish (from Canadian PMRA approved labels) in lakes, ponds, and reservoirs. Note that m3/L units are used
for the applications instead of ha-m/L. (Source: AgrEvo labels, which are in Appendix H and W. Stetter,
Foreign Domestic Chemicals Corporation, personal communication, 1999).

Noxfish® Nusyn-Noxfish® Cube powder
Active rotenone

Type of use (ppm)* ppm m3/L ppm m3/L ppm m3/kg

* Multiply by 0.5 for the active rotenone (ppm) from Nusyn-Noxfish® .
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Regardless of the project’s objective, the formulation of rotenone
that will be applied must be determined. Liquid formulations are easier
to apply and disperse effectively in heavily vegetated areas of standing
water. Liquid rotenone is the only effective formulation for treating flow-
ing water. Emulsifiers, solvents, and synergists found in liquid formula-
tions cause water quality and public health concerns not associated with
powder (see Section 5). The development of a rotenone aspirator by the
Utah Division of Wildlife Resources (UDWR) in 1990 provided a more
efficient method of applying powdered rotenone to standing water. High
pressure pumps used to operate the powder aspirators are more expen-
sive than the gravity feed or trash pumps used for application of liquid
formulations. However, the cost of powder formulations is about one-
third the cost of liquid formulations.

3.1.1 Calculation of water volume and rotenone requirement

The volume of water can be determined with bathymetric maps or by
mapping a pond, lake, or reservoir (standing water) and determining
volume. There are a variety of methods available to calculate water vol-
ume (Gallagher 1999). Agencies that control standing waters generally
have volume information. A global positioning system (GPS) instrument
or a plane table and planimeter can be used to map shorelines. Depths
can be measured along transects on the water using a measuring rod or
sounding line, and marking positions with the GPS or planimeter. The
surface area and volume can then be determined for the contours from
the map that is created. The volume of water is calculated in acre-feet (or
m3). For large bodies of water, bathymetric maps can be digitized to de-
termine volume at each contour. It is recommended that large lakes or
reservoirs be segmented into smaller sections and each section treated
separately.

All tributaries to standing waters should be identified and
mapped. In some projects, it may be desirable to treat only the segment
of the tributary immediately upstream from the reservoir to prevent es-
capement of fish during the treatment. In other cases, treatment of tribu-
taries will be part of the total treatment project to ensure that undesir-
able fish will not be left in the system. Application of rotenone to streams
should begin immediately before the treatment of the standing water
and continue throughout the treatment. Refer to Section 3.2 for proce-
dures used in flowing waters.

The degradation rate of rotenone, which influences its effective-
ness, is affected primarily by temperature and sunlight. Gilderhus et al.
(1986) calculated the half-life of rotenone at 13.9 and 83.9 h in ponds at
temperatures of 24° C and 0° C, respectively. Finlayson and J. Harrington
(unpublished data, presented at Chemical Rehabilitation Projects Sym-
posium, Bozeman, Montana, 1991) reported the half-life of rotenone at
41.8 and 84 h in reservoirs at temperatures of 20– 22° C and 10– 20° C, re-
spectively. Alkalinity and pH also influence rotenone degradation.
Finlayson and Harrington (unpublished data, 1991) reported that wa-
ters with high alkalinity (>170 ppm CaCO3) and pH (>9.0) degraded ro-
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tenone faster than waters with lower alkalinity and pH. Degradation in
summer is accelerated by both higher water temperature and greater
sunlight exposure. Additional rotenone is required in waters with high
temperature, pH, alkalinity, and sunlight penetration. Organically rich
waters with high volumes of suspended solids and algae will also re-
quire higher concentrations of rotenone; if this is a concern, determine
the effectiveness of the rotenone formulation in the water to be treated
by bioassay (see Section 3.1.1).

To determine the desired concentration of chemical to use for the
project, the physical attributes of the water body and species of fish should
be compared to the recommendations on the product label. Marking and
Bills (1976) present lethal concentration and 50% mortality values (LC50)
for 24 and 96 h for a great variety of fish species (see Appendix I). Gold-
fish Carassius auratus and black bullhead Ameiurus melas had the greatest
tolerance to rotenone. Both species were 10 times more tolerant than most
other species. The label indicates that bullhead and carp may be treated
at concentrations of 0.050– 0.200 ppm rotenone. Marking and Bills (1976)
reported 96 h LC50 values for goldfish and black bullhead of 0.025 ppm
and 0.019 ppm rotenone, respectively, under laboratory conditions.

The product labels for rotenone formulations in Table 3.1 specify
the number of acre-feet of water that will be treated with the particular
formulation. The amount of powder formulation needed is based on 5%
active ingredient; however the concentration of rotenone may vary by
lot. The amount of powder formulation needed must be adjusted to re-
flect the actual percentage of active ingredient. To determine this, multi-
ply the number of pounds recommended for the desired concentration
listed in Table 3.1 by the fraction (5%/lot%). For example to treat at 0.050
ppm with Pro-Noxfish®  that is 7% rotenone, multiply the lb of powder
formulation needed by 0.714 (5%/7% = 0.714).

To determine the lb of powder or gal of liquid rotenone from
Table 3.1a, use the formulas below:

1. Pounds of Pro-Noxfish®  needed = Volume of the impound-
ment in AF divided by the AF per lb of Pro-Noxfish®  needed
for the desired concentration, and;
2. Gallons of Noxfish®  needed = Volume of the impound-
ment in AF divided by the AF per gal of Noxfish®  for the de-
sired concentration.

Although these formulas are taken from AgrEvo labels they will
generally be applicable to other supplier’s rotenone products.

General formulas when the table is not used are:
1. Pounds of 5% powder needed = Volume of impoundment
in AF x 2.72 lb x ppm desired concentration.
2. Gallons of 5% liquid needed = Volume of impoundment in
AF x 0.33 x ppm of desired concentration.

An AF of water contains 325,872 gal, which weighs 2,720,000 lb.
To provide one ppm of active ingredient in 1 AF of water, 2.72 lb of 5%
powder or 0.33 gal of 5% liquid rotenone is required.
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Bioassays before treatment will indicate if the recommended con-
centration is effective. Careful consideration should be given to the use
of bioassays to determine required concentrations. When total removal
of fish is the objective, it may be advisable to treat at concentrations higher
than the minimum effective dose demonstrated by the bioassay.

Bioassay tests should be conducted using target fish species, roten-
one from the stock to be used, and water from the body of water that will be
treated to determine if the actual concentration needed for a particular ap-
plication will work satisfactorily (for bioassay techniques see Appendix J).
The concentration applied must be no higher than the recommended con-
centrations on the label to be in compliance with U.S. Environmental Protec-
tion Agency (USEPA) regulations. Some labels may be more restrictive than
others. The California Department of Fish and Game (CDFG 1994) gener-
ally treats streams with Nuysn-Noxfish®  at a concentration of 1.0 ppm and
lakes at 2.0 ppm. Expected active rotenone concentrations are approximately
0.025– 0.050 ppm following complete mixing. However, many states treat at
the highest rate allowed on the product label to ensure that a complete a kill
is achieved. In highly alkaline waters in midwestern states it is not uncom-
mon to use 4– 5 ppm of 5% formulations (G. Tichacek, retired, Illinois De-
partment of Natural Resources, personal communication, 1999). Other states
and provinces may have more restrictive requirements than the label in-
structions. For instance, New York Pesticide Regulations restrict treatments
to a maximum of 1.0 ppm rotenone formulation (T. Nashett, New York State
Department of Environmental Conservation [NYDEC], personal communi-
cation, 1999).

Bioassays can result in chemical and manpower savings if lower
concentrations are demonstrated to be effective. For example, UDWR (C.
Thompson, UDWR, personal communication, 1999) found that carp could
be effectively killed in organically rich water at a concentration of 1.5 ppm
Pro-Noxfish® , which is less than the label recommendation of 2.0– 4.0 ppm.
This resulted in a substantial savings in chemical costs and application time.

3.1.2 Treatment techniques and equipment

Maps of large standing waters can be digitized and divided into sections
of known volume that can be treated in one to two days. It is advisable to
complete the project within 48 h so that the entire water body is at the
desired concentration before the rotenone degrades significantly. This
timing may not be possible on very large projects. However, if the treat-
ment is done by systematically moving applications in one direction,
fish should remain in toxic water.

Sections should be further divided into subsections and assigned to
individual boat operators with the appropriate amount of rotenone to ap-
ply. Marker flags or buoys are used to delineate the sections. The boat opera-
tor and project manager record the amount of rotenone applied. Ponds and
small reservoirs are usually treated from shore or from one boat.

When sampling of fish populations is the objective, the amount
of rotenone needed and the application techniques are the same as those
used for total or partial treatments. Davies and Shelton (1983) describe
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techniques and biases associated with this method of population and
stock assessment. Biases not usually associated with the application of
rotenone include site selection, sample design, incomplete recovery of
fish, and distribution patterns.

3.1.2.1 Liquid applications

The equipment needed to treat standing water depends on area, depth,
and location. Bodies of water that cannot be sprayed from shore with
conventional commercial pesticide sprayers require motorized boats to
distribute rotenone. If more than 200 gal of rotenone is applied by a boat
in a 2-day period, the use of large, gas-powered pumps may be desirable
(Figure 3.1a and 3.1b). See Appendix K for additional information about
equipment and techniques. A liquid formulation can be applied using a
venturi boat bailer system (Figure 3.1c). Rotenone is siphoned from the
container through a hose to a venturi apparatus attached to the motor
housing or hull of the boat. The Illinois Department of Natural Resources
has treated lakes up to 600 surface acres using venturi boat bailers
(Tichacek, personal communication, 1999).

Commercial pesticide sprayers are used for smaller bodies of
water. Sprayers are hand pumped, electric, or gasoline powered. Typical
power sprayers are equipped with 10– 100-gal pesticide tanks and are
mounted on pickups, all-terrain vehicles, or in small boats.

An even distribution of rotenone in each section of the body of wa-
ter is critical for an effective removal of target fish. The liquid formulation
must be diluted 1: 10 with water if it is removed from the original container.
Equipment now available allows for the automatic dilution of the product
with water prior to application, thus allowing for a closed-system applica-

Figure 3.1a Johnboat adapted for distribution of liquid rotenone by Utah Division of Wildlife Re-
sources. Operated by an air-cooled, shallow draft engine, with 50-gal rotenone tank and water
pump to draw water from the lake and spray onto the water surface. Rotenone is fed into the
system by venturi or gravity through a valve in the tank.
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Figure 3.1b Liquid rotenone dispensing boats with rotenone container, pump, suction hose, hand
sprayer, and diffuser.
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Figure 3.1c Liquid rotenone dispersion using a boat with a holding tank and boat bailer system.
Lower figure shows rotenone being dispensed with this equipment.
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tion where applicator contract with the concentrated product is avoided
(see Appendix K). This dilution is desirable for a more uniform distribution
when rotenone is drawn directly from the container, mixed, and applied to
the water through a pump siphon or venturi system. Liquid formulations
disperse rapidly horizontally and vertically in shallow impoundments. Both
liquid and powdered formulations are heavier than water and will sink.
Simple repetitive dispersal patterns throughout each segment will evenly
distribute the rotenone. Surface application rates may need to be increased
to account for suspended sediment, organic matter, or extensive vegetative
growth, each of which tends to reduce the effectiveness of rotenone.

It may be necessary to pump rotenone into deep water when a strong
thermocline exists. Many jurisdictions have dealt with this situation by em-
ploying extended discharge hoses weighted with heavy trolling weights to
prevent the hose from surfacing. Vertical mixing may be further facilitated
by extending the water pump suction line near the bottom to draw cold,
dense water to the surface where the rotenone is mixed. The NYDEC has
found it effective to treat stratified lakes at 10-ft depth intervals (L. DeMong,
NYDEC, personal communication, 1999). The rotenone is pumped into each
10-ft interval of depth to apply the treatment concentration based on the
calculated volume of water in the interval.

The injection of rotenone into deep water is only necessary when
rotenone concentrations in deep areas are insufficient for a complete kill two
days after application. Problems have occurred where rotenone was injected
at depth adjacent to a discharge structure on a dam. Rotenone discharged
through the dam killed fish in downstream areas for several miles (CDFG
1994). Surface application at the maximum label rates gives the formulation
time to defuse throughout the water column and may eliminate the need to
treat deeper layers. It may also be desirable to complete treatments while
the lake is stratified if oxygen concentrations are low below the thermocline.
In such cases, target fish may not survive in deep water, and the treatment
of a smaller volume of water above the thermocline may be successful. The
extent of oxygen depletion must be carefully determined. Some states and
provinces have experienced failed treatments by assuming dissolved oxy-
gen concentrations were too low to support fish below the thermocline.

Deep lakes have been effectively treated in Michigan and Minne-
sota just before ice cover, using lower concentrations of rotenone. Roten-
one remains toxic longer in cold water, which provides longer exposure
time. This technique has been effective for removing resistant species
(e.g., bullheads) from lakes. The concentrations of rotenone have re-
mained toxic in some lakes for two or more months.

For aerial treatments, large droplets or streams of dilute roten-
one are preferred over mist or small droplet applications. Mist or small
droplet applications may result in drift that reduces treatment efficacy
and increases the risk of detrimental effects on nontarget organisms.

3.1.2.2 Powder application

An aspirator system for powder applications was developed by UDWR to
create a slurry of powder and water for the renovation of Strawberry Reser-
voir in 1990. The rotenone aspirator was made with galvanized pipe and
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fittings available from most plumbing supply stores (Figure 3.2; also see
Appendix L). Approximately 880,000 lb of powdered rotenone was applied
to the reservoir in five days with four 30-ft barges and two National Guard
ribbon bridges moved about the lake by tender boats (Figure 3.3a and 3.3c).
This system was modified by the North Dakota Department of Game and
Fish, the Jicarilla Apache Tribe, CDFG, and UDWR through the use of 16-
and 18-ft johnboats and platform boats (Figure 3.3b).

The rotenone aspirator nearly eliminates dust associated with pow-
der applications. An efficient crew can vacuum nearly 100% of the powder
from the container at a rate of 20– 40 lb per min. Empty rotenone containers

Figure 3.2 Rotenone aspirator. 1) 2-in quick release fitting; 2) nipple; 3) reducer; 4) 1.25-in suction
pipe; 5) 3-in street elbow; 6) nipple; 7) 3-in quick release fitting; 8) bell housing; 9) pipe; 10)
reducer; 11) nipple; 12) 3-in quick release fitting.
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and liners are disposed of according to local ordinances. The pesticide label
(see Appendix H) requires disposal of the container in a sanitary landfill or
by incineration.

3.2 TREATMENT OF STREAMS AND RIVERS

Flowing water is characterized by depth, width, and velocity. All treated
streams must be carefully surveyed and mapped. Water flow in cubic feet
per second (ft3/s) and velocity in feet per second (ft/s) must be measured
throughout the treatment zone to assess fluctuations in discharge. A variety

Figure 3.3a Powder slurry mixing barges developed by Utah Division of Wildlife Resources. Barge
is 30 ft long powered by a 150 hp outboard motor. 1) rotenone aspirator; 2) gate valve; 3) 1,000-
lb bulk bags; 4) high pressure pump; 5) vacuum hose and PVC pipe; 6) high pressure hose; 7) gate
valve; 8) water delivery hose; 9) slurry discharge hose.

Figure 3.3b Johnboat containing 500-lb bags of powdered rotenone and aspirator mixer (devel-
oped by Tom Watts, Game and Fish Department, Jicarilla Apache Tribe).
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Figure 3.3c Powdered rotenone mixing barges used to treat Strawberry Reservoir, Utah, 1990.
Upper figure is a 30-ft barge capable of carrying 4,000 lb of powder. Lower figure is a National
Guard ribbon bridge loaded with 24,000 lb of powder.
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of methods are available to measure steamflow (Gallagher and Stevenson
1999). Water volume and velocity in streams change constantly depending
on precipitation in the watershed and groundwater recharge. Water volume
and velocity should be measured in advance of the project to estimate the
amount of rotenone necessary and then remeasured immediately before the
project. Stream treatments may be associated with treatment of standing
water. It is necessary to treat tributaries to impoundments to ensure that the
target species do not avoid treatment by migrating to untreated waters. Treat-
ment of the tributaries begins before the treatment of an impoundment.

Barriers, beaver dams, seeps, springs, and tributaries are identi-
fied and mapped in advance of the treatment. Barriers such as diversion
structures and beaver ponds should be removed, if possible, before the
treatment. If they cannot be removed, their rotenone demand must be
carefully measured. If barriers cannot be removed and water is stored
for more than one to two hours, it may be advisable to set drip stations
below such barriers to boost rotenone concentrations.

Similar procedures are followed on any size stream. Depending
on the length and volume of the stream, one or more drip stations will be
required to apply and maintain the target concentration (see Section 3.2.2).
If the goal of the treatment is total removal of all fish, multiple treat-
ments in the same or successive years may be required.

3.2.1 Calculation of amount of product and active chemical
ingredient

The chemical requirement for treatment of streams depends on discharge,
target species, and the duration of the treatment (refer to Appendix M,
Noxfish®  and Nusyn-Noxfish®  Stream and River Use Monographs, AgrEvo,
undated). AgrEvo, one rotenone supplier currently with a pesticide label for
solely treating flowing waters (e.g., flowing water treatments not associated
with treatments of ponds, lakes, and reservoirs) recommends that slow-mov-
ing rivers with little or no water exchange be treated as impoundments.
AgrEvo recommends rotenone application for 4– 8 h to achieve a complete
kill in streams. The Michigan Department of Natural Resources (W. McClay,
Michigan Department of Natural Resources, personal communication, 1999)
recommends a 30-min contact time when using rotenone as a sampling tool.
Multiple application sites may be needed because rotenone is diluted with
nontreated water and detoxified by sunlight over distance. AgrEvo recom-
mends that sites be separated about ½ to 2 miles apart, or not more than 2 h
or less than 1 h travel time (see Appendix N).

If it is not possible to place drip stations between 1 to 2 h travel
time apart, we recommend that the treatment duration be long enough
to provide for four complete volume turnovers of water between the
drip stations. For example, a stream stretch (between two drip stations)
of 5,280 ft by 20 ft wide by 1 ft deep has a volume of 105,600 ft3. A water
flow of 10 ft3/s through the stream stretch yields a volume of 36,000 ft3/
h. One complete volume change (turnover) in this stream stretch would
occur in (105,600 ft3/36,000 ft3/h) = 2.9 h. Thus, the recommended treat-
ment time for this stream stretch (2.9 h/turnover x 4 turnovers) is 11.6 h.
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The time for water movement between two sites is best deter-
mined using fluorescent dye. Dye such as uranine or rhodamine WT is
detected visually or with a fluorometer at nonvisual levels. Automatic
water samplers may be used to periodically collect samples at sites along
the length of the stream.

For flows less than 25 ft3/s the Stream and River Use Monographs
(see Appendix M) state that the liquid formulation should be injected di-
rectly into the center of the stream at a rate of 0.85– 3.4 mL/min for each ft3/
s of stream discharge. This is equivalent to 0.5– 2.0 ppm Noxfish®  (0.025 to
0.100 ppm rotenone) and from 0.5 to 2.0 ppm Nusyn-Noxfish®  (0.012 to
0.050 ppm rotenone). In large streams, it is advisable to apply the rotenone
across the stream to assure good distribution. This is especially true when
fish population sampling in short-stream reaches is the objective of the project.

Bioassays should be completed on target species in the streams
before the treatment to determine the concentration of rotenone needed
to kill the target species. In small headwater streams, 0.5 ppm liquid
formulation or less will effectively remove trout. However, if these streams
are very cold, higher concentrations will be necessary. In large slow mov-
ing rivers, 2.0 ppm liquid formulation may be required.

The equations for determining application rates for Noxfish®  and
Nuysn-Noxfish®  are found in the Stream and River Use Monographs
(see Appendix M).

The CDFG has developed a 5-gal drip head system that can be adjusted
to dispense rotenone for 4– 8 h (Figure 3.4a and 3.4b). Table 3.2 is an application
chart for using an 79, 53, and 39 mL/min drip head for 4, 6, and 8 h, respectively.

The UDWR uses a drip head system in which a 1/8- to 1/16-in hole is
drilled in the bottom of a “T” fitted with a metal plug and attached to a barrel
(Figure 3.5). In this system the continuous drip through the drip head does not
dispense at a rate of 80 mL/min, but must be calibrated for each drip head. The
volume of water and rotenone that must be applied to the stream for the dura-
tion of the treatment can be calculated with the following equation:

Table 3.2. Chart for the application of liquid rotenone at 1.0 ppm to flowing water using a 5-gal
reservoir for the drip head system. To increase the treatment rate to 2.0 ppm, increase the amount
of liquid rotenone by 2-fold (decrease water by an appropriate amount); to decrease the treatment
rate to 0.5 ppm, decrease the amount of liquid rotenone by one-half (increase water by an appro-
priate amount). Values in gallons.

1 0.108 4.892 0.162 4.838 0.216 4.784
2 0.216 4.784 0.323 4.677 0.431 4.569
3 0.323 4.677 0.485 4.515 0.647 4.353
4 0.431 4.569 0.647 4.353 0.862 4.138
5 0.539 4.461 0.808 4.192 1.078 3.922
6 0.647 4.353 0.970 4.030 1.294 3.706
7 0.755 4.245 1.132 3.868 1.509 3.491
8 0.862 4.138 1.294 3.706 1.725 3.275
9 0.970 4.030 1.455 3.545 1.940 3.060

10 1.078 3.922 1.617 3.383 2.156 2.844

ft3/s Rotenone Water Rotenone Water Rotenone Water

4-h treatment 6-h treatment 8-h treatment
(79 mL/min) (53 mL/min) (39 mL/min)
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Figure 3.4a Biologist in safety gear calibrating the delivery of rotenone from a continuous drip can
into a stream.

Total gal of chemical = ppm desired concentration � 450 gal/min
� waterflow as ft3/s � min applied/1,000,000

(1 ft3/s = 450 gal/min).
Determine the number of hours of treatment (4, 6, or 8) and the intended

treatment concentration (1 or 2 ppm). Determine the rate of flow through the drip
head (mL/min), the amount of liquid formulation needed for the desired concentra-
tion for the time of treatment (formula above), and the amount of water and rotenone
(diluted rotenone) that will drip during the time period. Stream discharges of 1– 10 ft3/
s and dilution ratios of liquid formulation and water are given in Table 3.3 for a drip
head that dispenses 200 mL/min.

3.2.2 Treatment techniques and equipment

Stream treatments generally require drip stations spaced along the stream at intervals
of approximately one mile so a constant amount of rotenone can be added to maintain
the desired concentration. A cage containing fish is placed in the stream upstream of

Figure 3.4b Close up showing plumbing of continuous drip can. (Note: This can is empty. Appro-
priate safety gear must be worn when applying rotenone.)
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Figure 3.5 Drip barrel system, used by Utah Division of Wildlife Resources, being filled with roten-
one and water (top). Drip head dispensing chemical to the stream (bottom).
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each drip station (except the first drip station in a series) to ensure that
effective concentrations of rotenone reach the drip station. Applicators
are assigned to maintain the delivery of rotenone at the drip stations at the
desired concentration by monitoring and recharging drip containers.

Additional crew members are assigned to walk each stream sec-
tion and add additional rotenone to seeps and springs tributary to the
stream. This can be accomplished with a rotenone sand mixture (see
Appendix O). The sand mixture consists of powdered rotenone, sand,
and gelatin. This mixture is effective for treating seeps and springs be-
cause it maintains piscicide concentrations in the water longer than ap-
plications of liquid. Powder without the sand-gelatin mixture does not
reach the oxygenated-water source.

Crews should be given carefully measured amounts of liquid for-
mulation diluted 1:10 with water. The total rotenone used in the treat-
ment should not exceed the maximum dosage on the label. This is also
critical when neutralization is required downstream.

3.2.3 Use of biological monitoring tests to determine efficacy

Target fish should be held in live-cages immediately upstream from each
drip station and above the neutralization station. These fish should be moni-
tored to determine the time between the start of the upstream drip and when
the fish begin to show signs of stress and are killed. Death of the fish will
provide the assurance that the treatment has been successful. See Sections
3.5.3 and 3.5.4 for testing efficacy of the neutralization activities.

3.3 APPLICATOR SAFETY

A safe work environment for personnel involved in the application of
rotenone is a critical part of fishery management projects. The hazards
associated with rotenone use can be mitigated if applicators are prop-
erly trained and utilize the proper equipment.

1 0.108 12.572 0.216 12.46 0.162 18.858 0.324 18.696 0.216 25.144 0.432 24.928
2 0.216 12.464 0.432 12.25 0.324 18.696 0.648 18.372 0.432 24.928 0.864 24.496
3 0.324 12.356 0.648 12.03 0.486 18.534 0.972 18.048 0.684 24.676 1.368 23.992
4 0.432 12.248 0.864 11.81 0.684 18.336 1.368 17.652 0.864 24.496 1.728 23.632
5 0.54 12.14 1.08 11.6 0.81 18.21 1.62 17.4 1.08 24.28 2.16 23.2
6 0.648 12.032 1.296 11.38 0.972 18.048 1.944 17.076 1.296 24.064 2.592 22.768
7 0.756 11.924 1.512 11.17 1.134 17.886 2.268 16.752 1.512 23.848 3.024 22.336
8 0.864 11.816 1.728 10.25 1.296 17.724 2.592 16.428 1.728 23.632 3.456 21.904
9 0.972 11.708 1.944 10.74 1.458 17.562 2.916 16.104 1.944 23.416 3.888 21.472

10 1.08 11.6 2.16 10.52 1.26 17.76 2.52 16.5 2.16 23.2 4.32 21.04

Table 3.3. Application chart for liquid rotenone at concentrations of 1.0 and 2.0 ppm for 4, 6, and
8 h. For this table the drip head dispenses at a rate of 200 mL/min or 12.68 gal in 4 h, 19.02 gal in
6 h and 25.36 gal in 8 h). Values in gallons; R = rotenone.

4 h 6 h 8 h

1.0 ppm 2.0 ppm 1.0 ppm 2.0 ppm 1.0 ppm 2.0 ppm

ft3/s R Water R Water R Water R Water R Water R Water
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3.3.1 Applicator hazards

Rotenone products used in fisheries management have been classified
by the USEPA as Category 1 materials, which are in the “extremely toxic”
range for acute (short-term) toxicity. Inhalation, dermal, and ocular ex-
posures are the three most common routes of applicator exposure. These
types of exposures are significantly mitigated by the use of proper han-
dling procedures and protective equipment such as air-purifying respi-
rators, protective clothing (coveralls, gloves), and eye protection (splash
goggles or face shields). Specific information on proper handling proce-
dures and protective equipment are found in the sections specific to pow-
der and liquid formulations.

The USEPA is the primary regulatory authority for pesticide ap-
plicator safety in the United States. The Pest Management Regulatory
Agency (PMRA) is the appropriate authority in Canada. Pesticide appli-
cators are legally required to follow the applicator safety precautions
indicated on USEPA-approved or PMRA-approved product labeling. This
labeling includes the safety precautions and protective equipment that
must be employed during the use of the pesticide product. In addition to
the federal safety requirements found on the product labeling, some states
may require additional applicator safety procedures and equipment.
These state-mandated requirements are usually more stringent than the
federal standards. In general, a policy of following the most stringent
requirement, whether federal or state-mandated, should be adopted.

3.3.1.1 Applicator supervision

The use of formulated rotenone products must be supervised on-site by
at least one person who has federal or state certification as a pesticide
applicator. These project supervisors must have, at the minimum, the
authority to start and stop the rotenone application and be well versed
in all federal or state regulatory requirements regarding the safe and
legal use of the rotenone product and applicator safety.

3.3.1.2 Pesticide safety training

All personnel involved with the rotenone application must receive safety
training specific to the formulated rotenone products that will be used
and specific to the federal or state regulatory requirements. At the mini-
mum, this safety training includes information on the following: (1) how
to read and understand the pesticide product label; (2) the acute and
chronic applicator exposure hazards; (3) routes of pesticide exposure;
(4) symptoms of overexposure; (5) how to obtain emergency medical
care; (6) decontamination procedures; (7) how to use the required safety
equipment; (8) safety requirements and proper procedures for pesticide
handling, transportation, storage, and disposal; and (9) environmental
hazards. Records of this training must be maintained according to the
applicable federal or state regulatory requirements.
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3.3.1.3 Washing facilities

Applicators will be provided with materials listed below for emergency
washing. The amount of wash water should be sufficient for the emer-
gency washing of at least one person. A 5-gal plastic jug (narrow mouth,
sealed with lid), a small eye wash bottle (one pint or quart), liquid soap,
disposable towels, and extra coveralls should be sufficient. An unlim-
ited water source (water truck or faucet), liquid soap, disposable towels,
extra coveralls, and large emergency eyewash station should be avail-
able at the central staging area for more complete washing. Moist
towelettes (i.e., baby wipes) can be kept on boats so applicators can peri-
odically clean facemasks and quickly remove any dermal contamina-
tion, especially when using powdered rotenone formulations.

3.3.1.4 Emergency medical care

For large-scale projects, particularly those that require the coordinated
activities of numerous personnel, loading, and application equipment, it
is highly recommended that an emergency medical technician (EMT) or
other medical professional be on-site during the project. The EMT is to
respond to any medical emergencies including those related to formu-
lated rotenone exposure. Additionally, the name, address, and telephone
number of a local physician, clinic, or hospital that can provide care in
the event of a pesticide emergency should be posted in a prominent lo-
cation at the project headquarters and at the mixing and loading site.

3.3.1.5 Emergencies or illnesses

Personnel that suspect that they have been made ill by the rotenone must
immediately report to the on-site EMT, if available. The certified project
supervisor should be immediately notified of the situation. If necessary,
the person will remove his or her work clothing, shower, and dress in
clean clothing. In the event of rotenone exposure to the eyes, the person’s
eyes should be immediately flushed with large amounts of water for at
least 15 min. The person is attended by the onsite EMT and, if necessary,
is taken to the appropriate medical care facility. Copies of the product
labels and material safety data sheets for the formulated rotenone prod-
ucts will be provided to both the on-site EMT and to any other medical
professionals as needed.

3.3.2 Powder formulation hazards

Powder formulations are generally applied as a rotenone and water slurry.
The greatest potential for applicator exposure (dermal, ocular, and inha-
lation) occurs when the powder compound can become airborne as it is
removed from its original container and is mixed with water.

The generation of airborne rotenone powder is significantly re-
duced by using proper mixing and loading procedures. Powdered ro-
tenone can be removed from original containers by several methods, in-
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cluding hand pouring. However, the size of the containers frequently
makes hand pouring impractical or impossible. Removing the powder
by vacuum hose is preferable because it reduces airborne powder gen-
eration. A Plexiglas or other heavy plastic shield can be put over the
open container during the slurry mixing process. A small opening in the
shield allows free movement of the vacuum nozzle. Vacuum nozzles
should be of durable construction (polyvinyl chloride [PVC]) and should
be long enough to eliminate the need for applicators to lean over the
container and increase the potential for airborne powder exposure as
the container begins to empty.

To reduce rotenone powder contamination of the boat docking
area, the rotenone containers are only opened while on the boat. Pow-
dered rotenone containers have an interior plastic liner that can be emp-
tied and rinsed while on the boat. These emptied and rinsed liners should
be placed in a master trash bag that should be tied off before the boat
returns to the docking area. Product labels require disposal of the con-
tainers by incineration or in a landfill.

3.3.3 Liquid formulation hazards

Liquid formulations are generally applied as 10% dilutions with water.
The greatest potential for applicator exposure (dermal, ocular, and inha-
lation) occurs when the concentrated formulation is removed from its
original container and mixed with water.

Hazard to the applicator from concentrated rotenone liquid is
significantly reduced by using the proper mixing and loading procedures.
Liquid formulations can be removed from original containers by hand
pouring or pumping. However, hand pouring greatly increases applica-
tor hazard. Additionally, the size of the containers frequently makes hand
pouring impractical or impossible. In these cases, pumping the concen-
trated liquid from its container into a spray tank on the application boat,
truck, or all-terrain vehicle is preferable.

3.3.4 Safety equipment

Labeling requires that all personnel who handle opened containers of
rotenone or participate in the application of rotenone must use the fol-
lowing protective equipment: (a) coveralls (disposable Tyvek®  or reus-
able cotton); (b) eye protection (splash goggles or full-face protection
provided by the full-face respirators indicated below); and (c) nitrile
gloves.

Additionally, personnel working with (mixing, loading, or ap-
plying) undiluted liquid formulations must use air-purifying respira-
tors with organic vapor-removing cartridges with prefilters approved
for pesticides (standard cartridge MSHA/NIOSH prefix TC-23C). Per-
sonnel working with (mixing, loading, or applying) powder formula-
tions must use respirators with dual cartridges fitted with dust-filtering
cartridges (MSHA/NIOSH prefix TC-21C) and organic vapor– remov-
ing cartridges (MSHA/NIOSH prefix TC-23C). Because of the hazard of
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airborne rotenone, personnel applying powdered rotenone formulations
should wear full-face respirators. Personnel required to wear respirators
must be provided with respiratory protection training that includes in-
struction on how to properly fit and test a respirator.

All equipment must be clean and in good repair at the start of
each workday. Personnel handling rotenone should be issued two sets
of coveralls and gloves. Ripped clothing or damaged equipment must
be replaced as soon as possible. Extra sets of coveralls, gloves, and eye
protection (equal to approximately 50% of the total number of rotenone
handlers) must be available in the event of equipment damage. Respira-
tor cartridges should be changed as needed. Extra respirators and car-
tridges must be available at the project site.

3.3.5 Monitoring of applicator inhalation hazard

Inhalation of the vapors from liquid rotenone or of dust from powdered
rotenone is the most common route of applicator exposure. While the
proper use of air-purifying respirators will adequately mitigate the in-
halation hazard, applicator monitoring provides an accurate assessment
of the individual application inhalation hazard.

For powdered rotenone applications, air samples can be collected
via air pumps from the breathing zones of personnel that mix, load, or
apply the rotenone. Air samples are collected at a calibrated rate during
a predetermined time (i.e., 8 h). An in-line sampling tube with a Teflon
media (1.0-mm pore size) is used (see Section 3.4.3.3.1).

For liquid rotenone, air sampling can measure for rotenone and
the volatile and semivolatile nonrotenoid organic constituents of the for-
mulated products (i.e., methyl naphthalene, naphthalene, trichloroeth-
ylene, and xylene). Rotenone, naphthalene, trichloroethylene, and xy-
lene samples can be collected using sampling pumps similar to those
employed for powdered rotenone monitoring. Xylene and trichloroeth-
ylene samples can be collected using passive sampling badges (charcoal
media) that are exposed for eight hours (see Section 3.4.3.3.1).

Once collected, sampling media must be stored and analyzed
according to established protocols. The results of analysis will provide
an accurate assessment of the inhalation hazard from the chemical com-
pounds of concern. It should be noted, however, that the calculated ex-
posure is for persons who are not employing respiratory protective equip-
ment. The use of air-purifying respirators will provide a 10-fold to 50-fold
protection factor.

3.4 MONITORING PROCEDURES

Fish survival and four types of chemical monitoring procedures are used
in conjunction with rotenone applications. These include: (1) determin-
ing the composition of rotenone formulations; (2) surface and ground
water quality monitoring; (3) sediment monitoring; and (4) monitoring
air quality following rotenone applications. These activities establish the
effectiveness of the treatment; the degradation, neutralization, and dis-
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persion of chemicals; and applicator exposure. The location and size of
the treatment and the surrounding environment dictate the complexity
of the monitoring program.

The entire affected area should be outlined on USGS topographic
quadrangle maps (1:24,000 scale) before designing a chemical monitoring
plan. The location of treatment sites, potable water supply intakes, other
water diversions, groundwater supplies, and other areas of environmental
significance including areas of high public use (i.e., parks, etc.) must be indi-
cated. The treatment area is subdivided into zones of treatment dates and
times to assist with managing and monitoring activities. The monitoring
program has quality assurance and quality control elements to ensure rea-
sonable accuracy and precision for the chemical data. Control limits for ac-
curacy and precision are decided before the study begins.

3.4.1 Fish survival

Caged fish can be placed at various locations and depths in a lake or stream
to monitor treatment efficacy. Caged fish are then monitored from the time
the treatment begins until the fish die. This procedure will indicate the time
required to kill the fish and the percentage (effectiveness) of the kill. For
sampling projects, it is necessary to collect and mark or stock a known num-
ber of marked fish into the sample site before the kill to estimate the percent-
age of recovered fish within the sample site. Following the treatment, caged
fish are placed in the water to determine how long the chemical remains
toxic. This may take from 1 day to 4 weeks depending on water tempera-
ture, pH, and alkalinity. When fish live for 48 h in the cages it is generally
considered safe to restock the water body.

3.4.2 Chemical composition of liquid rotenone formulations

Each lot of formulated rotenone is analyzed for (1) percent active ingre-
dients, (2) concentrations of inert solvents, carriers, and emulsifiers, and
(3) presence of contaminants. These constituents are called inert because
they contribute no toxicity to the formulation. Normally, the manufac-
turer will certify the percent active ingredient at time of production. It is
usually not necessary to reanalyze new products, but this should be done
if material is older than 1 year. The rotenone content is measured using
methods of Dawson et al. (1983) and the synergist piperonyl butoxide
(PBO) is analyzed by USEPA method 8270B (USEPA 1994a). The inert
ingredients and contaminant concentrations are quantified using meth-
ods for volatile organic compounds (VOC; USEPA methods 8260B or 624
[USEPA 1994b; USEPA 1984a]) and semivolatile organic compounds
(semiVOC; methods 8270B [USEPA 1994a] or 625 [USEPA 1984b]).

Chemical analyses of different lots of Nusyn-Noxfish®  have found
inert ingredients that include trichloroethylene (TCE) (10– 1,200 ppm),
naphthalene (60,000– 120,000 ppm), 2-methylnaphthlene (100,000– 120,000
ppm), toluene (200– 560 ppm), ethylbenzene (300– 900 ppm), and xylene
(80– 5,400 ppm) (CDFG 1994; Siepmann and Finlayson 1999). The inert
ingredients make up approximately 85% to 90% of the liquid formula-
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tions. The types and percentages of various inert ingredients in the for-
mulations are changed by the manufacturer. Additionally, the formula-
tion of Nusyn-Noxfish®  contains the synergist PBO at 2.5% (25,000 mg/
L). The results of these analyses provide useful information on the amount
of chemical required for an effective treatment, the types or frequency of
water, sediment, and air monitoring samples, and the potential impacts
on water and air quality.

It may be necessary to monitor rotenone concentrations through-
out the treatment area and to monitor the degradation of rotenone over
time. This information will assist in determining the effectiveness of the
treatment and when public contact and restocking with fish may occur.
It may be desirable to monitor rotenone residues downstream from the
addition of a neutralizing agent (i.e., potassium permanganate) to con-
firm successful neutralization. Monitoring the VOC and semiVOC con-
centrations in the treatment area can provide useful information related
to water quality and public safety.

It takes several hours to several days for complete mixing of ro-
tenone in large impoundments and lakes, depending on depth and the
type of formulation applied. Complete mixing occurs faster in shallower
water bodies using liquid rotenone than in deeper water bodies using
powder. Average (throughout water column) rotenone concentrations
will approach expected levels after complete mixing. Liquid formula-
tion disperses quickly in streams, usually within 100 yards, depending
on flow and turbulence.

The use of powdered and liquid rotenone formulations will re-
quire different monitoring procedures because of different chemical con-
stituents. Powdered rotenone contains only ground plant root and there-
fore analyses for rotenone and its primary degradation product
rotenolone are sufficient. The two common commercial liquid formula-
tions Nusyn-Noxfish®  and Noxfish®  contain inert emulsifiers, solvents,
and carriers that are important in ensuring the solubility and dispersion
of rotenone in water.

A number of rotenone applications have been monitored over
the last 10 years (CDFG 1994; Siepmann and Finlayson 1999; Finlayson
and Harrington, unpublished data, 1991). Rotenone, rotenolone, naph-
thalene, and methylnaphthalene have been found in water and sediment.
Xylene, TCE, and PBO have been found in water. The type of rotenone
formulation used will dictate whether water or sediment are monitored
and for which chemicals (Table 3.4). For a more complete discussion of
the issues associated with these residues see Section 5.

3.4.3 Environmental media

Chemical analysis of water and sediment samples for rotenone content
may be required, depending on the location of the treatment and use of
the water. Some states require analysis of water samples periodically
following the treatment until all rotenone, rotenone products, and other
formulation products are no longer detectable. In such cases a monitor-
ing plan must be developed before the treatment (see Section 5). Most
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agencies contract with independent laboratories for sample collection
and analysis. The CDFG (1994) and Siepmann and Finlayson (1999) pro-
vide excellent discussions of water monitoring techniques.

3.4.3.1 Ground and surface water

3.4.3.1.1 Water sampling frequency— Water and sediment in surface and
groundwater sites must be sampled to establish background levels of
rotenone, rotenolone, and other organic chemicals that may be in the
formulations. Surface water sites are sampled during (flowing water) or
immediately following (standing water) the rotenone application at es-
tablished intervals. Sampling normally continues until rotenone has dis-
sipated from the treatment area. Groundwater sites are typically sampled
1 week, 3 weeks, 3 months, 6 months, and 12 months following treatment.

3.4.3.1.2 Water collection— Samples for rotenone and rotenolone concen-
trations in water are taken in chemically clean, 500-mL amber glass bottles.
Samples for VOC concentrations in water are collected in chemically
clean, 40-mL vials with septa caps. Samples for semiVOC and PBO con-
centrations in water are taken in clean 1-L amber glass bottles. All of the
glass containers have Teflon-lined caps.

Surface samples are taken by submerging the capped bottles a
few inches below the surface, uncapping the bottle and allowing it to fill,
and recapping the bottle below the surface. Care should be taken to ex-
clude air space in the bottles. Subsurface samples at any depth are col-
lected using a Kemmerer bottle. Groundwater from established wells
should be sampled as close to the wellhead as possible by sampling from
a Schrader valve or faucet before the storage tank using standard proce-
dures (Sava 1986). Well pumps are turned on for a minimum of 15 min to
purge standing water in the well casing.

Consider collecting samples in replicate and analyzing one of the
two replicates. The replicates serve as insurance against breakage dur-
ing transit or an analytical anomaly. Because temperature and pH affect
the degradation rate of rotenone, it is advisable to record these water
quality parameters. The samples should be placed on ice immediately after
collection, transported to a refrigerator at the laboratory, and stored at 4° C
until analyzed. The allowable holding times for samples vary from 7 to 14 d.

Water
Dawson et al. (1983) rotenone and rotenolone rotenone and rotenolone rotenone and rotenolone
USEPA meth 8310 semi VOC semi VOC
USEPA meth 502.2 VOC VOC
USEPA meth 8270B piperonyl butoxide

Sediment
Dawson et al. (1983) rotenone and rotenolone rotenone and rotenolone rotenone and rotenolone
USEPA meth 8270B semi VOC semi VOC
USEPA meth 8260A VOC VOC
USEPA meth 8270B piperonyl butoxide

Table 3.4. Matrix for selection of analytical methods based on rotenone formulation and environ-
mental media. VOC = volatile organic compound.

Media Pro-Noxfish® Nusyn-Noxfish® Noxfish®
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3.4.3.1.3 Water sample analyses— Rotenone and rotenolone are measured by
the methods of Dawson et al. (1983). VOC are detected by USEPA method
502.2 (USEPA 1989a), semiVOC are measured by USEPA method 8310
(USEPA 1986), and PBO is analyzed by USEPA method 8270B (USEPA 1994a).

3.4.3.2 Sediment

3.4.3.2.1 Sediment sampling frequency— All of the sites must be sampled to
establish background levels of rotenone, rotenolone, and other organic
chemicals that may be in the formulations. Sites are initially sampled
during (flowing water) or immediately following (standing water) the
rotenone application at previously established intervals until rotenone
has dissipated from the treatment area. Sediment is tested less often than
water, and concentrations seem to lag about one week behind water con-
centrations (Siepmann and Finlayson 1999; Finlayson and Harrington,
unpublished data, 1991). Sediment sampling should be no more frequent
than once a week.

3.4.3.2.2 Sediment collection— Collect samples in chemically clean, 500-mL
amber glass jars. Collect separate samples for rotenone and rotenolone,
VOC, semiVOC, and PBO analyses. Only use glass sample jars with
Teflon-lined lids. Collect at least 100 mL of sediment by scraping sedi-
ment off the bottom of the lake or stream. Fill the remainder of the jar
with overlying water. Exclude air space in the jars and lids. Deeper
samples can be collected using a sediment core sampler. Consider col-
lecting samples in replicate. Place samples on ice immediately after col-
lection, transport to a refrigerator at the laboratory, and maintain at a
temperature of 4° C until analyzed. The allowable holding times for
samples vary from 7 to 14 d.

3.4.3.2.3 Sediment analyses— Rotenone and rotenolone are measured us-
ing the method of Dawson et al. (1983); VOC are detected by USEPA
method 8260B (USEPA 1994b), semiVOC are detected by USEPA method
8270B (USEPA 1994a), and PBO is measured by USEPA method 8270B
(USEPA 1994a).

3.4.3.3 Air

Air monitoring studies following rotenone applications are completed
only if there is a demand. Monitoring of air may be done to document
exposure levels of certain compounds to rotenone applicators or to the
public in nearby areas. Some of the compounds in Pro-Noxfish® , Nusyn-
Noxfish®  and Noxfish®  have permissible exposure limits (PEL) estab-
lished by federal and state regulation. The current Occupational Safety
and Health Administration (OSHA) PEL for rotenone (OSHA 1978) and
TCE (OSHA 1988) are 5 mg/m3 and 100 mg/L, respectively, as time-
weighted averages for an 8-h period.

3.4.3.3.1 Air sample collection— Pumps draw air through an activated charcoal
tube for lighter-weight hydrocarbons (TCE and xylene), a particulate Teflon
filter for rotenone, and XAD-2 tubes for heavier molecular weight hydrocar-
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bons (naphthalene and methylnaphthalene) during a 12– 24-h period. The
tubes and filters are collected and placed on dry ice until analyzed. The
rotenone formulation will dictate the type of tubes to use (Table 3.5).

3.4.3.3.2 Air analyses— A desorbing solvent is used to remove the com-
pounds from the tubes and filters. Benzyl alcohol is used for the charcoal
tubes, acetonitrile is used for Teflon particulate filters, and hexane is used
for the XAD-2 tubes. The compounds from the XAD-2 tubes are ana-
lyzed by gas chromatography/mass spectrometry (GC/MS) with a de-
tection limit of 1 mg/m3 naphthalene; the compounds for the Teflon par-
ticulate filters are analyzed by High Performance Liquid Chromatograph
(HPLC) with a detection limit of 0.003 mg/m3 rotenone; and the com-
pounds from charcoal tubes are analyzed by GC/MS with detection lim-
its of 3 mg/m3 TCE (CARB 1997).

3.5 NEUTRALIZATION PROCEDURES FOR CHEMICAL TREATMENT

PROJECTS

Rotenone usually degrades naturally within one to four weeks depend-
ing on pH, alkalinity, temperature, and dilution with the untreated wa-
ter (Schnick 1974). The need for neutralization of discharge water de-
pends on the use of the water, timing, and other considerations. If the
discharge cannot be stopped without impacts to downstream users, neu-
tralization is necessary. The chemical most commonly used to neutralize
rotenone formulations is potassium permanganate (KMnO4). Most other
agents that can neutralize rotenone have deleterious attributes that make
them far less useful for this purpose. For example, the label allows chlo-
rine for neutralization, but it may not meet state water quality standards.

3.5.1 Neutralization problems

Considerable research and practical experience in the application of ro-
tenone and its efficacy in eradicating a fish community has been accom-
plished, but there have been few controlled experiments on neutralizing
the active ingredients of rotenone to avoid killing fish and other organ-
isms outside the target area or to permit reintroduction of aquatic organ-

Table 3.5. Matrix for selection of sampling device for air based on the rotenone formulation.

1 For heavier molecular weight hydrocarbons; roughly equivalent to semi-VOC (volatile organic compound).
2 For lighter molecular weight hydrocarbons; roughly equivalent to VOC.

Air
Teflon filter rotenone and rotenolone rotenone and rotenolone rotenone and rotenolone
XAD-2 tube heavier hydrocarbons1 heavier hydrocarbons1

Charcoal tube lighter hydrocarbons2 lighter hydrocarbons2

Media Pro-Noxfish® Nusyn-Noxfish® Noxfish®
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isms following treatments. Attempts to neutralize the piscicide have been
notoriously unpredictable and occasionally have resulted in serious and
highly publicized failures. A major problem has been the lack of under-
standing of the factors influencing the efficacy of the neutralizing agent
in the highly variable chemistry of natural waters. Difficulties in making
accurate measurements of the rotenone concentrations to be neutralized
have also lead to problems. Careful attention to application rates and
limnological parameters can achieve a high level of success in neutral-
ization projects.

3.5.2 Neutralization with potassium permanganate

Potassium permanganate is a strong oxidizer that breaks down into po-
tassium, manganese, and water. All are common in nature and have no
deleterious environmental effects at the concentrations normally associ-
ated with the neutralizing processes.

The use of KMnO4 requires precautions to ensure the safety of
applicators and to avoid spontaneous combustion. The chemical is caus-
tic to the mucous membranes of the nose and throat and causes brown
stains on the skin and clothing on contact when dissolved in water. Po-
tassium permanganate is dusty and should not be handled without pro-
tective clothing and breathing apparatus.

Potassium permanganate is usually packaged in 110-lb drums in
a fine to coarse granular form. A 5% aqueous solution is also available.
The coarse granular form is less expensive but more difficult to dissolve
than fine granules. The 5% aqueous solution of KMnO4 is available from
one known source: Zoom Environmental Service Inc. (Sterling Heights,
Michigan) at roughly US$3.15/gal in 55-gal barrels. The dry forms gen-
erally cost between $1.50 and $2.50/lb (1999 cost) of 99% pure product
and are available from several suppliers of industrial or laboratory chemi-
cals. The cost to treat one acre-foot of water at one ppm with a granular
form would range from $0.20 to $0.34, compared to $1.04 for the 5%
aqueous solution (1999 cost).

Dissolve the granular product in water, then apply the solution
to the stream or apply the dry granular form directly to the stream. If the
product is dissolved in water before application, granulation is not criti-
cal, but if applied directly to the stream as a dry preparation, the fine
free-flowing product produced by Carus Chemical Company (Ottawa,
IL 61350) is preferable because it feeds freely from the dispensing hopper.

The chemical must be kept away from organic materials such as
gasoline, oils, alcohols, or any other oxidizable material. It also reacts
with many metals when dissolved, so it is packaged in steel- or nickel-
coated containers. The dry material is inert, but becomes active once dis-
solved in water. If the chemical comes in contact with the eyes or skin,
the area should be flushed with copious amounts of water.

Potassium permanganate is soluble in water with saturation
achieved in distilled water with 0.36 lb/gal at 10° C and 0.54 lb/gal at
20° C. Activity is influenced by temperature— neutralization is slowed at
low temperatures and accelerated at high temperatures. Most applica-

ROTCH3.p65 04/24/2000, 10:14 AM117



118 ROTENONE USE MANUAL

tors work in moderate temperature ranges between 10° C and 25° C and
don’t consider temperature in estimating neutralization times, but ap-
plicators should take into account that chemical reactions slow by 50%
for each 10° C reduction in temperature and double for each 10° C in-
crease. This factor is especially important in determining the stream reach
and neutralization lag times at very low temperatures.

KMnO4 is toxic to fish at relatively low concentrations under some
circumstances and is much more toxic in alkaline water than soft water (Mark-
ing and Bills 1975) (Figure 3.6). KMnO4 breaks down in the natural environ-
ment quite rapidly and is a much-preferred alternative to the dispersion of a
toxic plume of rotenone many miles downstream of the target area as op-
posed to a short plume of toxic KMnO4 immediately below the target zone.
If KMnO4 concentrations are in balance with rotenone concentrations then
toxic levels of KMnO4 should be quickly reduced through the oxidation of
organic components and rotenone in the water.

3.5.3 Application rates

Incidents of accidental release of rotenone into nontarget areas have been
attributed to the erroneous rule of thumb that rotenone is neutralized
with KMnO4 at a 1:1 ratio. This rule is approximately true for distilled
water, but several components of most natural waters alter the relation-
ship. Engstrom-Heg (1971, 1972) conducted controlled experiments dem-

Figure 3.6 Toxicity of KMnO4 to rainbow trout at 12�C at 40-48 and 160-180 mg/L total hardness
(adapted from Marking and Bills 1975).
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Figure 3.7 Relationship between Noxfish® concentration (5% rotenone), KMnO4 concentration,
and contact time required for neutralization (from Engstrom-Heg 1972).

onstrating that dissolved electrolytes and suspended organic matter have a major influ-
ence on the amount of KMnO4 required to neutralize a given concentration of rotenone.
He developed time-lapse curvilinear relationships for neutralizing 5% Noxfish®  con-
centrations over a range of KMnO4 concentrations in distilled water (Figure 3.7).

Engstrom-Heg (1971, 1972) expanded those relationships for natural waters by
developing a formula to account for organic demand and total hardness generally en-
countered in natural systems. He also developed a convenient field method of deter-
mining organic demand for the treated waters. Engstrom-Heg (1972) showed that the
amount of KMnO4 required to neutralize a given concentration of rotenone (Figure 3.7)
needs to be multiplied by the product of the following formula to account for organic
and electrolyte demands:

Multiplier = 1 + 0.002 (total alkalinity [as ppm CaCO3] –  20) + 0.5 (organic demand [as ppm])

A recent field application in Utah on a stream with a 3 ppm organic demand and
238 ppm total alkalinity required an application of 3.95 ppm KMnO4 to neutralize 2
ppm rotenone formulation in 60 min (D. Archer, UDWR, personal communication, 1999).
The CDFG (1994) recommends using a ratio from 2:1 to 4:1 (KMnO4: formulated roten-
one) for neutralization. They found that 3 ppm was required to neutralize 1 ppm Nusyn-
Noxfish®  in a high-elevation stream with low hardness and alkalinity.

Because neutralization of rotenone is not immediate, Horton (1997) recommends
considering a neutralization zone below the application point. He quotes Colorado and
Utah project findings in which the zone of neutralization was the distance that water
can be expected to travel in 20 min. Potential fish mortalities can be expected in this
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zone. Project planners should inform the public that fish kills are expected
in this mixing zone to alleviate public concerns. The CDFG (1994) recom-
mends a neutralization zone of 30 min in alpine streams with water tem-
peratures of 5– 15° C.

Engstrom-Heg (1971) provided guidelines for utilizing swimming
pool chlorine test kits to determine organic demand for KMnO4. Engstrom-
Heg (1976) also developed methods of determining organic demands of
stream sediments for stream treatments.

3.5.4 Application methods and equipment

Neutralization with KMnO4 is undertaken where downstream reaches
need to be protected. This is a dynamic environment that presents some
difficulties in managing application rates and predicting rotenone con-
centrations. There is no practical field procedure to determine actual ro-
tenone concentrations at the neutralization station. Because of this, project
managers should consider using a backup application station positioned
downstream from the effective reach of the initial station that discharges
the same amount of KMnO4 as the primary station. The sensitivity of the
public and the relative value of the fish community downstream of the
project will determine the need for backup facilities.

Many state agencies begin neutralization procedures at the onset
of rotenone injection to assure that no rotenone passes the neutralization
station and to reduce oxygen demand of the streambed immediately
downstream from the neutralization station. Other state agencies deter-
mine the time when rotenone is expected to arrive at the neutralization
stations and begin application of KMnO4 at that time. A series of caged
live fish are located (1) above the primary neutralization station to indi-
cate that rotenone has reached that point, (2) just above the second neu-
tralization station to determine the adequacy of the first application of
KMnO4, and (3) below the reach of the second neutralization station to
provide assurance that total neutralization was achieved.

Continual maintenance of the neutralization stations is required
throughout the treatment project. A supervisor can provide assistance to
stations as needed for breaks, errands, and loading and monitoring live
fish cages. Each worker maintains a log of activities, application rates,
and observations to assure that prescribed procedures are followed and
for future reference.

3.5.5 Equipment

Many innovative devices have been developed to dispense KMnO4 in
liquid form. Most use a reservoir with some form of metering device to
dispense the reagent at a constant measurable rate (for details see Ap-
pendix P).
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3.6 FISH COLLECTION AND DISPOSAL

Most chemical treatments in standing water are completed in late sum-
mer or fall when dead fish are not a health hazard or environmental
threat. In warmer latitudes, sampling projects are conducted from early
spring to late fall. Stream treatments (including stream sampling) gener-
ally occur in the late summer and fall when flows are low and dead fish
are not a significant problem. The unwritten position of the UDWR is
that dead fish will not be collected following a treatment project (Th-
ompson, personal communication, 1999). The Michigan Department of
Natural Resources policy (MDNR 1993) states that recovery of dead fish
will not normally be attempted by the Fisheries Division. However, cer-
tain circumstances justify Division assistance in the collection and re-
moval of dead fish, particularly if there is little cost to the Division or if a
recovery program is organized by private landowners. In such cases co-
operation is encouraged. Horton (1997) states the Idaho Department of
Fish and Game policy is to leave dead fish in the treated water. The policy
of CDFG (1994) is to remove fish from the treatment area when dead fish
may become a public nuisance or when a request is made by a public
agency. All states contacted reported that dead fish are recovered to avoid
serious public controversy in sensitive situations.

Fish collection during and after standing water treatments is ac-
complished with multiple boats and dip nets. Following treatment, crews
are organized to patrol the shore and collect dead fish. In fish sampling
situations, fish are generally picked up for 2– 5 d, dependent on water
temperature. Fish collections from stream treatments are most effective
using block nets. Dead fish must be continually removed from block nets
or they will eventually collapse them, allowing fish to go downstream.
Good management of this process will reduce public relations problems
and not give the appearance of a fish kill beyond the intended treatment
zone. Fish are then transported to a disposal site. If fish collection is con-
ducted it should be well planned and executed. Arrangements must be
made in advance of the treatment to locate a suitable permitted disposal
location. Dead fish are not to be offered or provided for human con-
sumption because the U.S. Food and Drug Administration has not ap-
proved this practice.
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NOXFISH® , NUSYN-NOXFISH® , AND PRO-NOXFISH®  LABELS (AGREVO)
AND

PRENFISH® , SYNPREN-FISH® , AND ROTENONE POWDER LABELS (PRENTISS)
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BIOASSAY OF NOXFISH®  (IN �����g/L) TO

FISH IN STANDARDIZED LABORATORY TESTS

(MARKING AND BILLS 1976)
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APPENDIX I

Bioassay of Noxfish®  (in µg/L) to fish in standardized laboratory tests (Marking
and Bills 1976).

Bowfin 57.5 30.0
Amia calva 50.4–65.5 23.7–38.0

Coho salmon 71.6 62.0
Oncorhynchus kisutch 63–81.3 51.8–70.2

Chinook salmon 49.0 36.9
O. tshawytscha 44.3–54.2 33.9–40.2

Rainbow trout 68.9 46.0
O. mykiss 56.2–84.4 32.6–64.9

Atlantic salmon 35.0 21.5
Salmo salar 29.7–41.2 15.5–29.8

Brook trout 47.0 44.3
Salvelinus fontinalis 42.2–52.3 41.1–47.7

Lake trout 26.9 26.9
Salvelinus namaycush 19.8–36.5 19.8–36.5

Northern pike 44.9 33.0
Esox lucius 31.4–64.3 26.6–41.0

Goldfish 497
Carassius auratus 412–600

Common carp 84.0 50.0
Cyprinus carpio 74.7–94.4 41.1–60.8

Fathead minnow 400 142
Pimephales promelas 291–549 115–176

Longnose sucker 67.2 57.0
Catostomus catostomus 59.3–76.1 51.9–62.6

White sucker 71.9 68.0
Catostomus commersoni 64.0–80.8 51.0–85.6

Black bullhead 665 389
Ameiurus melas 516–856 298–507

Channel catfish 400 164
Ictalurus punctatus 234–684 138–196

Green sunfish 218 141
Lepomis cyanellus 197–241 114–174

Bluegill 149 141
Lepomis macrochirus 124–178 133–149

Smallmouth bass 93.2 79.0
Micropterus dolomieu 85.1–102 70.7–88.2

Largemouth bass 200 142
Micropterus salmoides 131–305 115–176

Yellow perch 92.0 70.0
Perca flavescens 80.1–106 59.8–82.0

LC50 and 95% confidence interval1

Species 24 h 96 h

1 Multiply values by 5% (0.05) to determine values as rotenone (in �g/L).
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APPENDIX J

Bioassay Techniques

Tests are to be run using water and fish taken from the lake or stream being treated. The
required amount of water is placed in plastic bags and rotenone added. Target concen-
trations will be predetermined from the lowest to the highest suggested range on the
pesticide label. Three target fish, collected from the lake or stream, will be placed in
plastic bags containing each target concentration. A control using untreated lake water
will also be monitored.

The plastic bags should be 33 gal and at least 1.35-mil thickness. These bags
must be gas permeable to pass oxygen from surrounding water. The bags are suspended
from a rope or wire at the water surface. The amount of chemical needed for each bag is
measured in a laboratory and brought to the site. Concentrations are measured in ppm
of 5% (or 2.5% synergized) rotenone stock solution (concentrations are for total product
not active ingredient).

Horton (1997) used Loeb and Engstrom-Heg’s (1971) curve (Figure J.1) graph-
ing concentration and time to loss of equilibrium of the fish to measure rotenone con-
centration. They used trout in the 6- to 9-in range and placed three in each cage to
record times to loss of equilibrium. Loss of equilibrium is considered to have occurred
when the mid-dorsal line comes in contact with the bottom of the container and the fish
does not right itself and begin swimming normally again.

If loss of equilibrium occurs in less than 15 min at 18.5�C or 30 min at 8�C, Noxfish®

concentration is fairly high (above 0.3 mg/L of formulation). You will get more accu-
rate results by repeating the assay using a diluted sample, prepared by mixing 2 L of
treated water with 8 L of untreated water. Concentrations of rotenone formulation can
be estimated by finding the time to loss of equilibrium on the X-axis, connecting this
with the formulation test temperature with a straight edge then reading the estimated
concentration of rotenone formulation on the Y-axis (Figure J.1). The only way to know
the exact concentration of rotenone is through analyzing water samples, but this method
will provide an estimate.
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Figure J.1 Concentration-response curves for loss of equilibrium by brown trout Salmo trutta in
Noxfish® dispersions. Solid lines represent semilogarithmic, dashed lines logarithmic, regressions.
Each point represents mean time to loss of equilibrium + or � standard deviation. From Loeb and
Engstrom-Heg (1971).
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LIQUID APPLICATION EQUIPMENT USED TO TREAT STANDING WATER,
AS DESCRIBED BY CALIFORNIA DEPARTMENT OF FISH AND GAME

(CDFG 1994)

APPENDIX K

ROTAPPK.p65 04/24/2000, 10:22 AM157



158 ROTENONE USE MANUAL

ROTAPPK.p65 04/24/2000, 10:22 AM158



APPENDIX K 159

APPENDIX K

Liquid application equipment used to treat standing water, as described by
California Department of Fish and Game (1994).

When treating larger water bodies, a trash or sump pump of 4 to 6 horsepower with 2-
to 3-in fittings is required. Intake hoses must be rigid, non-collapsible flex-pipe with
metal basket end fittings. These are usually 8- to 12-ft in length and can be tied or
weighted behind the boat.

Chemical barrels mounted in the boat are usually carried bung up and opened
as needed. Draft tubes for the chemical are made of rigid, thin-walled electric conduit
or any small (½- to ¾-in inside diameter) rigid, noncorrodible pipe. The tube is fitted
with common rubber or vinyl hose with pipe clamps. This assembly is attached to a
diffuser valve that is fitted to the base of the intake fitting on the pump. The diffuser
valve is a ¾-in brass or galvanized faucet to control the flow of chemical to be mixed
with the draft water at a 1:10 dilution. Testing with clean water is done to attain a 10%
dilution rate as required on the pesticide label. A schematic diagram of the automatic
dilution apparatus (allowing for closed-system application) is in Figure K.1.

The discharge hose is usually made of collapsible, vinyl material. Rotenone can
be distributed from this hose in a fixed position below the gunnel of the boat or subsur-
face (when deep water treatment is necessary). The discharge hose can also be attached
to a PVC manifold to conform to the needs of the project or to a high-velocity nozzle for
spraying into inaccessible areas. The PVC manifold can be any configuration, but typi-
cally a short boom on either side of the boat will spread the chemical evenly. When
smaller quantities (<200 gal) are used, small bilge or submersible 12-volt pumps are
adequate. Diffusers and discharge plumbing are set up like the larger pump arrays
with appropriate sizing.

Outboard motor-driven (propwash) venturi units may be effective for distribu-
tion on some projects. For bodies of water that are shallow but cover vast areas, aerial
commercial applicators are often necessary. Typically, helicopters are more desirable
because they can provide better accuracy and minimize drift.

Forklifts or cranes are required for lifting, loading, and unloading full barrels of
rotenone (Figure K.2). Sets of barrels are placed on pallets for storage for mass trans-
port. Individual barrels are lifted with a commercially available forklift-barrel adaptor.
A boom truck or crane with a barrel clamp or barrel sling is used to lift and load indi-
vidual barrels onto vehicles or boats. These are also commercially available.

Airboats and johnboats equipped with an air-cooled mud-king type motor are used
to distribute liquid formulation into shallow or weeded areas inaccessible to convention
boats and motors. The same water and rotenone containers are adapted to these boats.
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Figure K.1 Schematic diagram of automatic dilution apparatus for liquid rotenone using gasoline
engine and pump. The apparatus allows for rinsing of rotenone barrels.

Figure K.2 Lifting rotenone drums with a crane onto a boat.
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UTAH’S ROTENONE ASPIRATOR SYSTEM
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APPENDIX L

Utah’s rotenone aspirator system

The rotenone aspirator system developed by UDWR in 1990 used 3-in pipe and fittings.
Smaller-sized pipe will work equally well, but will deliver less rotenone slurry per min.
The UDWR was able to consistently mix and deliver 1,000 lbs of powder in 10 min with
their system. The critical parts of the aspirator are a street elbow, a 1.25-in by 12-in
nipple, and bell reducer (see Figure 3.2). A hole is cut in the back of the street elbow and
the 1.25-in nipple slipped through this hole and slid forward until there is 0.125-in clear-
ance between the nipple and the front of the bell reducer.

This forms the suction pipe for drawing rotenone powder from bags. The nipple
is then welded into this position. The front of the nipple is ground until it forms a 45o

angle from the inside edge out for a better fit. Threads in the front and inside of the bell
housing may be ground smooth. The bell reducer and street elbow are marked so they
can be taken apart and cleaned and rejoined in the same position. The clearance be-
tween the suction pipe and front of the bell housing is critical because water forced by
the pressure pump through this small gap creates the vacuum on the powder suction
line, and the violent action which mixes the powder and water.

When most of the powder is vacuumed from the container, the plastic container
liner may be drawn into the suction hose. A valve placed on the suction hose or pipe
near the entry into the street elbow can be opened to alleviate this problem. Opening
the valve varying amounts will allow air to be drawn through the valve, reducing the
pressure on the suction hose and allowing easier vacuuming of the last remaining pow-
der from the bag. The small amount of powder remaining in the liner is rinsed into the
lake if necessary.

Hose: Water and slurry delivery hose is made of 2- to 3-in diameter lightweight
suction hose fitted with female camlok quick-release fitting on each end. Male camlok
spools are used to connect lengths of hose together if necessary. This lightweight hose
delivers fresh water from the reservoir to a high-pressure pump. High-pressure hose,
rated at 100- to 150-lbs/in2, is recommended to deliver water from the high-pressure
pump to the aspirator, or the aspirator is coupled directly to the pump using pipe fit-
tings.  The powder suction hose is 2-in diameter rigid hose.

Pumps: A high-pressure pump, Gorman Rupp®  series 60 centrifugal model with
an enclosed impeller, or equivalent, is needed to pump water through the aspirator,
creating the vacuum which draws the powder from the bag or container. This pump is
close coupled to a Briggs and Stratton®  Model 422437 twin cylinder, 18 HP, air-cooled
gasoline engine, or equivalent. The pump is rated at 150 gal/min and 65 ft of head or
greater.

Bags: Recent shipments of Pro-Noxfish®  have come in 200-lb pressed paper (card-
board) barrels with plastic inner bags and Masonite lids secured with metal rings. The UDWR
has completed projects using 50- and 1,000-lb bags (Strawberry Reservoir project) and 200-
lb cardboard containers. The size of the project will dictate the size of container.

Special-sized containers must be ordered in advance and possibly supplied to
the delivering company. The CDFG received powdered rotenone in 200-lb barrels for
the Lake Davis project in 1997 (Figure L.1) and the UDWR used these barrels in a treat-
ment of Navajo Lake in 1997 and Nine Mile Reservoir in 1998. These barrels proved to
be an excellent package to handle. They were easy to handle without the use of heavy
equipment and much more convenient than 50-lb bags. If larger bags are used, a boom
truck or crane is needed to load them on boats.
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Boats: In recent projects completed by UDWR, 16-ft to 18-ft johnboats were suc-
cessfully used in place of larger barges. These smaller boats are easier to maneuver, can
hold 600 to 800 lbs of rotenone, and can be operated by a two-person crew. They can be
brought to shore at nearly any location on a lake or reservoir, and two workers can
easily load 200-lb barrels on them by rolling the barrels up a plank or ramp and onto the
boat.

Figure L.1 Application of powdered rotenone in 200-lb barrels in Lake Davis in 1997.
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OF USE FOR TREATMENT OF FLOWING WATER
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APPENDIX N

Drip Station Equipment

A drip station is established using a container which holds the measured amount of
rotenone to provide the desired concentration and then filled with water to provide
dilution and the proper delivery time.

The California Department of Fish and Game (CDFG 1994) describes a drip con-
tainer that they have used successfully as consisting of a continuous flow siphon utiliz-
ing 5-gal can, two lengths of ¼-in copper tubing, brass compression fittings and a valve,
and six ft of plastic ¼-in tubing. The copper tubes are placed through holes in the lids
appropriate for the cans and soldered in place with sheet metal reinforcement for
strength. The tubes are place so that the longer of the two will be ½-in from the can
bottom when the cap is tightened, and the second will be ½-in shorter than the first. A
valve is placed on the top end of the longer tube and the plastic tubing attached with a
compression fitting. Cork or other gasket material is used inside the siphon lid to en-
sure the proper operation (see Figure 3.4a and 3.4b). This allows the pressure to come to
equilibrium as the head in the container drops.

Drip containers used by Utah Division of Wildlife Resources consist of containers
holding from 5 to 30 gal. Empty rotenone barrels are commonly used. These barrels come
fitted with two openings in the top. One is approximately 1-in diameter, the other ½-in
diameter. The smaller opening is fitted with a ½-in nipple to which a ½-in “T” is attached
(see Figure 3.5). The “T” is fitted with a ½-in metal plug and stand pipe. A small hole is
drilled in the bottom of the plug. The size of the hole will determine the rate of discharge.
Utah Division of Wildlife Resources biologists have found that a 1

16 -in hole will deliver
about 50 mL/min and a 1

8 -in hole will deliver about 200 mL/min. It is important to mea-
sure and clearly mark the delivery rate on each drip head, because holes drilled with a hand
drill, even with the same drill bit, will deliver at slightly different rates.

Rotenone and water are added to the barrel through the larger opening and this
opening is sealed tightly so no air may enter the barrel. The barrel is then positioned
over the stream and tipped on its side.

Air enters the barrel through the “T” allowing pressure to come to equilibrium
in the barrel. Flow rate will remain reasonably constant until the barrel is empty. A
stand pipe can be attached to the elbow, but it is not necessary for successful operation.
Barrels (30-gal) charged in this manner to full capacity with a 1

8 -in drip opening will
generally flow for approximately 9.5 h. Less chemical and water can be added to shorten
discharge time.

Five-gal Jerry cans (U.S. military type containers) have also been adapted with
the same drip heads for smaller projects or where equipment must be backpacked into
an area. A ½-in hole is drilled in the bottom of the Jerry can and a ½-in nipple welded
into the hole. A ½-in elbow is then attached and drilled to form the dripper. Containers
fitted in this manner with  a 1

8 -in drip opening will dispense about 3.17 gal/h and
must be recharged throughout the treatment period.
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ROTENONE–S AND MIXTURE USED BY GROUND CREWS

TO TREAT SEEPS AND SPRINGS, DEVELOPED BY

UTAH DIVISION OF WILDLIFE RESOURCES

IN 1990

APPENDIX O
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Rotenone-sand mixture used by ground crews to treat seeps and springs,
developed by Utah Division of Wildlife Resources in 1990

During the treatment of Strawberry Reservoir tributaries, the Utah Division of Wild-
life Resources (UDWR) developed a rotenone-sand mixture that proved superior to
liquid applications (R. Spateholts, UDWR, personnel communication, 1990). The
recipe for the mixture is 1 lb of powder rotenone to 1 lb of sand, and 2 oz of unflavored
gelatin mixed with enough water to create a dough-like consistency. The gelatin
holds the mixture together. It is then stored in 5-gal buckets with lids to keep the
mixture moist. When this formulation was applied to seeps and springs at concen-
trations of 0.15, 0.25, and 0.35 mg/L, the active ingredient in the seeps and springs
remained toxic for up to 12 h. Liquid formulations failed to kill some fish at the
seeps and springs source. Ground crews were instructed to use one cup of rotenone
sand mix to approximately 0.5 ft3/s of water. This had to be monitored closely and
crews often ran out of mix before completing their assigned area, indicating they
were using too much mixture per seep and spring.
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Neutralization Equipment and Techniques

The Utah Division of Wildlife Resources uses bulk dispensing units to neutralize roten-
one with KMnO4 (C. Thompson, personal communication, 1999). These units (purchased
from Acrison, Inc. in Moonachie, New Jersey) have a 2-cubic foot hopper that will hold
about 150 lb of technical grade KMnO4. They have an auger driven by an electric motor
(Figure P.1) powered by a 115 VAC generator. The speed of the electric motor can be
adjusted to dispense KMnO4 at 2 to 45 lb/h. These units have performed in six major
projects over seven years, are extremely reliable at dispensing the chemical at a con-
stant rate, and substantially simplify the process of mixing the chemical with water.
Mixing occurs in the stream. If a unit is placed at a rapids, falls, or whirlpool, complete
mixing occurs in a short distance.

The following equipment checklist is used to assemble the necessary equipment
prior to each neutralization treatment.

Personal gear (provided)
1 - Protective suit
1 - Pair rubber gloves
1 - Full-face respirator

Personal gear (to be provided by the individual)
1 - Cooler or thermos for drinks
1 - Pocket knife
1 - Pencil
1 - Flashlight
1 - Pair hip boots
1 - Watch with second calibration

Equipment (for each station)
1 - Volumetric dispenser
2 - Electrical extension cord
1 or 2 - Minnow traps
1 - 50-qt cooler for test fish
1 - Set of flood lights
Log sheets
Test fish/tank/cages
1 - Large screwdriver
1 - Pliers
1 - 9/16-in wrench
1 - Spark plug wrench
1 - Tarp
1 - Generator
1 - Gas can
1 - Radio
1 - Material Safety Data Sheet

Shared Equipment
1 - Backup Generator
1- Weighing scale
1 - Tape measure
1 - Flowmeter
1 - Potassium demand chemistry kit
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Figure P.1 Power auger dispenser used to dispense KMnO4 to detoxify rotenone during chemical
treatment projects to remove fish.
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4
PROJECT

ASSESSMENT

The American Fisheries Society (AFS) Fish Management Chemicals Sub-
committee recommends project assessment on the basis of both short-
term and long-term success and impacts. The extent of the assessment
will be dictated by the objectives of the project and its complexity. For
example, the treatment of a rearing facility may only require an assess-
ment based on rearing success following the treatment. A fish sampling
project may require only an assessment of the treatment success and neu-
tralization (if any) procedures and a synopsis of the findings. Whole-
lake and whole-stream treatments may require more extensive assess-
ments. These requirements can be determined by good project planning.

The project plans (see Section 2.3) will specify much of the infor-
mation needed in a project assessment. However, diligent record keep-
ing during all phases of the project will be valuable to any project assess-
ment. Assign personnel to keep records of various aspects of the project
and make notes of pertinent details related to application of the chemi-
cal, responses of the biotic community, and success of any mitigation
and neutralization efforts. This information will be important later in
assessing the success of the project, responding to public inquiries, and
defending against possible litigation. When conducting a project assess-
ment, include an assessment of the overall effectiveness of the mitiga-
tion measures in lessening the impacts of the project on the environ-
ment. For most projects, a written report will be the end result of a project
assessment.

4.1 SHORT-TERM ASSESSMENT

Analyze the immediate effectiveness of the treatment and any mitiga-
tion measures. Goals for the short-term assessment include (1) determi-
nation of the effectiveness of chemical application (i.e., distribution and
neutralization of rotenone) and (2) recovery of baseline environmental
conditions before stocking fish. Debrief all personnel as soon as the treat-
ment phase of the project has been completed to identify problems, iso-
late causes, and propose corrective measures for future treatments. This
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effort involves the assessment of chemical and biological monitoring data
and review of notes and observations recorded during and immediately
following the treatment.

4.1.1 Assess the effectiveness of treatment and neutralization

Determine the effectiveness of the treatment and subsequent neutraliza-
tion of rotenone. This assessment will enable project leaders to adjust
plans based on the actual results of the treatment and neutralization op-
erations. The effectiveness of these operations and related mitigation ef-
forts can be judged by (1) counts of dead fish, (2) mortality of fish in live-
cages, (3) bioassays, (4) sampling for the presence of live fish, (5)
measurement of concentrations of rotenone in treatment and neutral-
ized areas, and (6) visual observations. The sampling of baseline envi-
ronmental conditions and estimates of dead fish from shoreline counts
(static-water treatments) or collections from block nets (flowing-water
treatments) are useful in evaluating the effectiveness of the treatment
and neutralization. In flowing-water treatments, block nets and live-cages
placed at various intervals downstream from detoxification stations are
effective in determining the point at which total neutralization occurs
and therefore the extent of the actual impact zone. Whenever using live-
cages, it is always a good idea to hold a sample of fish in a nearby, com-
parable water body to rule out mortality that might be caused by factors
other than rotenone. Standard fish sampling gear (e.g., electrofishing,
gill nets, trap nets, fyke nets, seines) can be used to determine catch per
unit effort after treatment and to evaluate success. Real time data can be
used to adjust treatment and detoxification rates.

When the project objective is a partial treatment to reduce se-
lected undesirable fish species, early efforts should be made to estimate
the extent of the population reduction to determine if a repeat treatment
is necessary. Where population sampling is the goal, it is desirable to be
able to advise the fishing public when the fish community has returned
to normal.

4.1.2 Recovery of baseline environmental conditions

If the project objective is the complete eradication of undesirable fish
species, the recovery of baseline levels of target species is not warranted
because the project goal was to reduce the target population below the
baseline level. Therefore, recovery of baseline conditions for the target
species should not occur if the project objectives are met.

However, if baseline levels of nontarget species and environmen-
tal conditions were evaluated before the treatment, evaluate these pa-
rameters after the treatment to determine if recovery objectives were met
and if mitigation measures are needed. Survival and recovery of the
aquatic community may be demonstrated by sampling plankton,
macroinvertebrates (aquatic insects, crustacea, leeches, and mollusks),
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and amphibians (frogs, tadpoles, and larval and adult salamanders). Con-
sideration should also be given to testing water quality, especially where
public drinking water supplies are involved.

Before restocking, test the receiving water to determine if the pi-
scicide has been sufficiently neutralized or has dissipated adequately to
assure survival of stocked species. While chemical testing is possible, it
is recommended that live-cages containing sensitive indicator species be
used. Place the cages in representative locations and in areas where test
fish will not be killed by stress or some event unrelated to the treatment
(e.g., vandalism, predation, temperature). Be wary of embayments, bay-
ous, or backwater or deepwater zones that may still harbor pockets of
toxic water. In stratified lake environments, be sure cages are placed at
depths where there is adequate oxygen for test fish to survive. In remote
or wilderness areas where repeated field visits may not be feasible, it
may be necessary to rely on the known rate of degradation of rotenone
to predict when the water is detoxified. Formulas to predict natural deg-
radation are contained in Post (1958) and Engstrom-Heg and Colesante
(1979). When using formulas to calculate initial stocking dates, include a
margin of safety.

4.1.3 Stock desired fish

As soon as testing indicates it is safe to restock, begin implementation of
the restocking plan (see Section 2.1.5.8) or mitigation plan.

4.1.4 Written critique

This exercise may be the most significant part of the treatment, and if
properly done will assist the agency in improving planning and imple-
mentation of future projects. Prepare a written summation and critique
of the treatment as soon as possible after the treatment has been com-
pleted, in collaboration with your agency’s legal advisors. Solicit input
from all personnel involved in the treatment. It is advisable to have a
meeting of all those involved in the treatment to get consensus on what
worked and what could have been done differently. Each implemented
plan from Section 2.3 should be assessed for accomplishing stated objec-
tives. Determine if the plan was followed, what problems or issues were
associated with the plan, and what improvements were needed. Send a
draft of the written summation and critique to all personnel involved for
review and consensus before completion of the final critique. When ap-
propriate, use the critique to update policies and procedures.

4.2 LONG-TERM ASSESSMENT

Analyze the long-term impact of the project by evaluating the stated
objectives over time. Goals for the long-term assessment include (1)
determination of the duration of the treatment effectiveness and ben-
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efits, (2) determination of the success of the mitigation measures in less-
ening the impacts from the treatment, (3) assessment of the public per-
ception of the success of the project, and (4) an overall assessment of the
project.

4.2.1 Survival, growth, and harvest of fish

Monitor the fish community at regular intervals after the treatment when
the project does not involve population sampling or annual treatment
(e.g., rearing ponds). Periodic sampling can determine abundance, sur-
vival, age, and growth of desirable species and may verify the establish-
ment of self-sustaining populations of valuable sport fish. Sampling will
also provide continued information on other fish species, such as the
reestablishment of the target fish species or the introduction of other fish,
which may affect management goals.

When possible, collect angler use, catch, and harvest data to com-
pare the actual benefits to predicted benefits. Attempts should be made
to measure angler satisfaction through angler interviews, correspondence,
and formal creel surveys. This information is extremely valuable when
planning similar treatments on other waters.

4.2.2 Mitigation measures

Assess changes or alterations made to the original project that were
adopted to mitigate or avoid significant adverse impacts on the environ-
ment. It is important that each change or alteration (to the original project)
is judged for effectiveness, possible adverse impacts, and the need for
mitigation. This assessment typically involves a monitoring program that
specifies the implementation steps, timing, responsible party, and verifi-
cation procedures for the various mitigation measures.

4.2.3 Public perception of treatment success

Assess how the angling and nonangling public perceived the project and
address any public relations problems that may have occurred during
the treatment. Consider publicizing the response of the fish community
and angling success after the management effort so that anglers become
aware of new and improved fishing opportunities. However, handle pub-
lication of this information carefully and in a manner that does not alien-
ate property owners or create a situation where overexploitation may
occur.

4.2.4 Overall assessment of project

Conduct an overall assessment of the project to document how well the
original project objectives were met. Typically this should be a written
report made within 2 to 5 years of the treatment. The fishery manage-
ment plan should be updated after the outcome of the overall project
assessment.
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5
ISSUES AND

RESPONSES

This section was written with the lay (nontechnical) public in mind with
minimal use of technical terminology. It includes its own references for
reproduction and distribution to the public independent of the remain-
der of the manual. The Fish Management Chemicals Subcommittee in-
tends to update this information annually for access on the American
Fisheries Society Web site.

5.1 GENERAL INFORMATION

Q. What is rotenone?
A. Rotenone is a naturally occurring substance derived from the roots
of tropical plants in the bean family Leguminosae including jewel vine
Derris spp. and lacepod Lonchocarpus spp. Rotenone is very insoluble in
water, and other materials can be added to disperse it throughout the
water column in deep lakes and flowing waters. Rotenone is used either
as a powder from ground-up plant roots (e.g., Pro-Noxfish® ) or extracted
from the roots and formulated as a liquid (e.g., Nusyn-Noxfish®  and
Noxfish® ). The liquid formulations contain dispersants and emulsifiers
(primarily naphthalene, methylnaphthalenes, and xylenes) that add little,
if any, toxicity but disperse the rotenone throughout the water.

Q. How does rotenone work?
A. Rotenone does not suffocate fish or interfere with the uptake of oxy-
gen in the blood as was long believed. Instead, it inhibits a biochemical
process at the cellular level making it impossible for fish to use the oxy-
gen absorbed in the blood and needed in the release of energy during
respiration (Oberg 1967a, 1967b).

Q. Why is rotenone used in fish management?
A. Use of rotenone enables fisheries managers to eradicate entire popu-
lations and communities of fishes with minimum impact to nontarget
wildlife. Following treatment, the desired population of fish is then rees-
tablished in the water body. Although other approaches are useful as
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control measures, these are only partially effective in eradicating fish.
Use of rotenone is the only sampling method that allows for an accurate
estimation of standing crop (biomass of a population) of diverse fishes in
large water bodies.

Q. Is rotenone a selective pesticide?
A. Although rotenone has some toxicity to all oxygen-breathing animals,
it is selective to fish and other gill-breathing organisms at the concentra-
tions used by fish biologists. In general, most common aquatic inverte-
brates are less sensitive than fish to rotenone. Some of the zooplankton
(cladocerans and copepods) are equally sensitive; however, these do have
life history stages that can survive the treatment. Snails and clams are
quite tolerant. Shad, pike, trout, and salmon are among the most sensi-
tive fish. Sunfish are less sensitive, and catfish are among the most toler-
ant (Marking and Bills 1976; Chandler and Marking 1982).

5.2 PUBLIC HEALTH

Q. Are there any public health effects from the use of rotenone?
A. Millions of dollars have been spent on research to determine the safety
of rotenone before approval of use from the U.S. Environmental Protec-
tion Agency (USEPA). Much of this research has been directed toward
potential effects on public health. This research has established that ro-
tenone does not cause birth defects (Hazleton Raltech Laboratories 1982),
reproductive dysfunction (Spencer and Sing 1982), gene mutations
(Biotech Research 1981; Goethem et al. 1981; NAS 1983), or cancer (USEPA
1981b; Tisdel 1985). When used according to label instructions for the
control of fish, rotenone poses little, if any, hazard to public health. The
USEPA (1981b, 1989b) has concluded that the use of rotenone for fish
control does not present a risk of unreasonable adverse effects to hu-
mans and the environment.

Q. What is a lifetime safe exposure level for rotenone?
A. The National Academy of Science (NAS 1983) has suggested a Sug-
gested No-Adverse Response Level (SNARL) for rotenone in drinking
water of 0.014 milligrams (mg) rotenone per liter of water (14 parts per
billion [ppb]). The California Department of Health Services (memoran-
dum from P. Berteau, California Department of Health Services, to B.
Finlayson, California Department of Fish and Game, 26 June 1984) has
suggested an Action Level (level of concern) for rotenone in drinking
water of 0.004 mg rotenone per liter of water (4 ppb). These proposed
life-time, allowable levels for drinking water are based on applying a
1,000-fold safety factor to the chronic feeding study of Ellis et al. (1980).
These levels assume a lifetime of exposure to rotenone. For comparison,
most rotenone treatments are done within the range of 0.025– 0.25 mg
rotenone per liter of water (25– 250 ppb), and rotenone generally persists
for no longer than a few weeks. In addition, rotenone treatments are
only infrequently applied to any body of water.
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Q. Is there any short-term danger associated with accidentally drinking
rotenone-treated water?
A. The hazard associated with drinking water containing rotenone is
very small because of the low concentration of rotenone used in the treat-
ment (0.025– 0.25 mg of rotenone per liter of water [25– 250 ppb]) and the
rapid breakdown of rotenone. Estimates on a single lethal dose to hu-
mans are 300– 500 mg of rotenone per kilogram of body weight (Gleason
et al. 1969). Hence, a 160-pound person would have to drink over 87,000
liters (23,000 gallons) of water treated at 0.25 mg of rotenone per liter of
water (highest allowable treatment rate for fish management) at one sit-
ting to receive a lethal dose; similarly, it is extremely unlikely that a 10-
kilogram child would drink over 5,400 liters of water. An intake of 0.7
mg of rotenone per kilogram of body weight per day is considered safe
(Haley 1978), far greater than the expected exposure resulting from the
maximum fish management treatment rate of 0.25 mg of rotenone per
liter of water.

Q. Can rotenone-treated water be used for public consumption or ir-
rigation of crops?
A. Tolerances for rotenone in potable and irrigation water have not been
established by USEPA, even though the studies required for setting tol-
erances have been completed. This does not mean that rotenone concen-
trations in drinking or irrigation waters will create problems, it just means
that the USEPA has not established rotenone tolerances at the time of
writing these guidelines. As a result, water containing residues of roten-
one cannot be legally allowed for use as a domestic water source or on
crops. During the treatment and for the period of time that rotenone
residues are present, alternative water sources must be used for domes-
tic and irrigation uses. Depending on initial rotenone concentration and
environmental factors (e.g., temperature), this period can vary from 1 to
8 weeks (CDFG 1994; Finlayson and J. Harrington, unpublished data,
presented at Chemical Rehabilitation Projects Symposium, Bozeman,
Montana, 1991).

Q. Are there any risks to human health from materials in the liq-
uid rotenone formulations?
A. The USEPA (1981b, 1989b) has concluded that the use of rotenone for
fish control does not present a risk of unreasonable adverse effects to
humans and the environment. The California Environmental Protection
Agency found that adverse impacts from properly conducted, legal uses
of liquid rotenone formulations in prescribed fish management projects
were nonexistent or within acceptable levels (memorandum from J. Wells,
California Department of Pesticide Regulation, to Finlayson, 3 August
1993). Liquid rotenone contains the carcinogen trichloroethylene (TCE).
However, the TCE concentration in water immediately following treat-
ment (less than 0.005 mg TCE per liter of water [5 ppb]) is within the
level permissible in drinking water (0.005 mg TCE per liter of water;
USEPA 1980b). None of the other materials including xylenes, naphtha-
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lene, piperonyl butoxide, and methylnaphthalenes exceed any water
quality criteria or guidelines (based on lifetime exposure) set by the
USEPA (1980a, 1981a, 1993). Many of these materials in the liquid roten-
one formulations (trichloroethylene, naphthalene, and xylene) are the
same as those found in fuel oil and are present in waters everywhere
because of the frequent use of outboard motors.

Q. Is there any risk to public health from airborne rotenone?
A. No public health effects from rotenone use as a piscicide have been
reported. The use of the powder Pro-Noxfish®  and the liquid formula-
tion Nusyn-Noxfish®  have been monitored for airborne drift into adja-
cent areas. Airborne rotenone concentrations immediately adjacent to
the treatment site, monitored in California during a treatment in 1997,
varied from a high of 0.02 ppb rotenone (0.00053 mg of rotenone per
cubic meter) immediately after application to nondetectable levels two
weeks later (CARB 1997). The highest levels were approximately 1,000-
fold lower than the estimated no observed effect level (NOEL) of 0.43
mg of rotenone per cubic meter of air for a 24-hour period estimated by
the California Office of Environmental Health and Hazard Assessment
and the California Department of Pesticide Regulation (CARB 1997). In
the same monitoring program, TCE was detected only once at a trace
amount in air at one spillway. The heavier hydrocarbons (naphthalene
and methylnaphthalene) were found at 281 ppb (1.74 mg per cubic meter)
in air immediately after treatment and diminished to 1.61 ppb (0.010 mg
per cubic meter) in air within two weeks. Individuals can normally de-
tect naphthalene and methylnaphthalene at levels between 40 and 84
ppb in the air. The highest levels of all materials in the 1997 monitoring
program were found at a dam spillway because of water turbulence.
The highest levels were determined not to be responsible for any health
effects (CDPR 1998).

Q. How soon can people safely enter water treated with rotenone?
A. The USEPA (1981b) concluded that there was no reason to restrict the
use of rotenone in waters intended for irrigation, livestock (with the pos-
sible exception of swine) consumption, and recreational swimming use.
The USEPA (1990) ruled that a reentry interval was not needed for per-
sons who swim in waters treated with rotenone based on an assessment
of the toxicology data (e.g., skin, oral water intake) and exposure level.
The reentry statement on the product labels—“ do not swim in rotenone-
treated water until the application has been completed and all the pesti-
cide has been thoroughly mixed into the water according to labeling in-
structions”— indicates the safety of rotenone use for fish control. The
reason for this slight waiting period is esthetic.

Q. Are people at risk from consuming fish stocked into a recently
treated water body?
A. Fish are not stocked into a treated area until all of the toxic effects are
gone and rotenone has dissipated. Hence, stocked fish cannot accumu-
late residues of rotenone from the water. Residues of rotenone in toler-
ant fish that survive a rotenone treatment won’t last for more than sev-
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eral days because the bioaccumulation potential for rotenone is low and
the half-life of rotenone in fish is about 1 day (Gingerich and Rach 1985;
Gingerich 1986).

Q. Is there any risk to people from consuming fish that have been killed
from rotenone?
A. The USEPA has not established guidelines for consuming fish killed
with rotenone. Therefore, agencies cannot condone this practice. Addi-
tionally, there is a valid concern of risk of salmonella and other bacterio-
logical poisoning from consuming fish that have been dead for a period
of time. Fish that end up on land as a result of wave or wind action are
no more a threat to public health than fish that die of natural causes.

5.3 ENVIRONMENTAL QUALITY

Q. Do dead and decaying fish pose any problems to the recovery of
fishing?
A. Most dead fish will sink to the bottom of the treated body of water in
several days, decompose, and release nutrients back into the water. These
nutrients will directly stimulate phytoplankton and indirectly stimulate
insect and zooplankton production. These organisms are a good food
base for fish.

Q. Can the toxic effects of rotenone to fish and other aquatic life be neu-
tralized?
A. In lakes or rivers, if biologists want to neutralize the effects of roten-
one, potassium permanganate, an oxidizing agent, can be used. This is
added to the water at a minimum 1:1 ratio with the concentration of
rotenone applied plus sufficient additional permanganate to satisfy the
oxygen demand caused by organic matter that may be present in the
treated water. Neutralization of rotenone with permanganate may be
impaired at water temperatures of 50° F (10° C) or less (CDFG 1994;
AgrEvo, no date).

Q. What is the “pesticide” smell sometimes associated with the use of
rotenone?
A. The aromatic smell (like the smell of mothballs) associated with the
use of liquid rotenone formulations is likely airborne concentrations
(greater than 40 ppb) of naphthalene and methylnaphthalene (CDPR
1998). This smell may last for several days, depending on air and water
temperatures and wind direction. These relatively “heavy” organic com-
pounds tend to sink (remain close to the ground) and move downwind.
The California Department of Pesticide Regulation (CDPR 1998) found
no health effects from this smell despite complaints.

Q. How long does rotenone persist?
A. The time for natural degradation (neutralization) of rotenone by hy-
drolysis is governed primarily by temperature. Studies in standing, ice-
free waters in California show that rotenone completely degrades within
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1 to 8 weeks within the temperature range of 10– 20° C (CDFG 1994;
Siepmann and Finlayson 1999; Finlayson and Harrington, unpublished);
the estimated half-life values for California waters vary from 7.8 to 1.5
days, respectively. Other studies indicate half-life values of 13.9 hours to
10.3 days for water temperatures of 24° C and 5° C, respectively (Gilderhus
et al. 1986, 1988). Rotenone dissipates in flowing waters relatively quickly
(less than 24 hours) due to dilution and increased rates of hydrolysis
(Borriston Laboratories 1983) and photolysis (Cheng et al. 1972;
Biospherics 1982). Although rotenone can be found in lake sediments,
the levels approximate those found in water, and breakdown of roten-
one lags one to two weeks behind water levels. It is uncommon to find
rotenone in stream sediments (CDFG 1994).

Q. How long do the materials other than rotenone persist from liquid
formulation treatments?
A. Researchers in California have found other organic compounds as-
sociated with the use of the liquid formulation Nusyn-Noxfish®  (CDFG
1994; Siepmann and Finlayson 1999; Finlayson and Harrington, unpub-
lished). These include the volatile organic compounds (VOC) [xylene,
trichlorethylene (TCE), toluene, and trimethylbenzene] and the
semivolatile organic compounds (semiVOC) [piperonyl butoxide (PBO),
naphthalene, 1-methyl naphthalene, and 2-methyl naphthalene] (Table
5.1). With the exception of PBO, the other organic compounds disappear
before rotenone dissipates, typically within 1 to 3 weeks. Piperonyl bu-
toxide, which is the other active ingredient (synergist) in Nusyn-Noxfish® ,
is relatively stable; photolysis does not contribute significantly to its deg-
radation (Friedman and Epstein 1970). Piperonyl butoxide has persisted
in deep lake waters at low temperatures (below 10° C) for approximately
nine months. The VOC’s do not accumulate in the sediment, and only
naphthalene and the methyl naphthalenes temporarily (less than 8 weeks)
accumulate in the sediments (CDFG 1994; Siepmann and Finlayson 1999;
Finlayson and Harrington, unpublished).

Table 5.1. Persistence of rotenone and other organic compounds in water and sediment impound-
ments treated with 2 ppm rotenone formulation.

*ND=below detection limits

Rotenone 50 <8 weeks 522 <8 weeks
Trichloroethylene 1.4 <2 weeks ND*
Xylene 3.4 <2 weeks ND
Trimethylbenzene 0.68 <2 weeks ND
Naphthalene 140 <3 weeks 146 <8 weeks
1-m-naphthalene 150 <3 weeks 150 <4 weeks
2-m-naphthalene 340 <3 weeks 310 <4 weeks
Toluene 1.2 <2 weeks ND
Piperonyl Butoxide 30 <9 months ND

Initial water Initial sediment
concentration Water concentration Sediment

Compound (parts per billion) persistence (parts per billion) persistence
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Q. Does the synergist piperonyl butoxide used in some formulations
pose an environmental risk?
A. No, piperonyl butoxide has little toxicity to fish and wildlife and is not a
risk to humans at the concentrations used in fish management (Roussel Bio
Corporation, no date).

Q. Is rotenone likely to enter groundwater and pollute water supplies?
A. The ability of rotenone to move through soil is low to slight. Roten-
one moves only 2 cm (<1 inch) in most types of soils. An exception would
be in sandy soils where the movement is about 8 cm (slightly more than
3 inches). Rotenone is strongly bound to organic matter in soil so it is
unlikely that rotenone would enter groundwater (Dawson et al. 1991).
The other compounds in the liquid formulation Nusyn-Noxfish®  have
not been detected in groundwaters (CDFG 1994; Siepmann and Finlayson
1999; Finlayson and Harrington, unpublished).

Q. Are there any degradation products from rotenone that can cause
environmental problems?
A. The metabolite of rotenone, rotenolone, persists longer than roten-
one, especially in cold, alpine lakes (Finlayson and Harrington, unpub-
lished). Rotenolone has been detected for as long as 6 weeks in cool wa-
ter temperatures (<10° C) at high elevations (>8,000 feet). In part, this
situation occurs because rotenone may be more susceptible to photolysis
than rotenolone. However, studies have indicated that rotenolone is ap-
proximately one-tenth as lethal as rotenone (CDFG 1991a). In those rare
cases of rotenolone persistence, fish stocking would be delayed until both
rotenone and rotenolone residues have declined to nondetectable (<2
ppb) levels to err on the side of safety.

5.4 FISH AND WILDLIFE

Q. Does rotenone affect all aquatic animals the same?
A. No. Fish are more susceptible. All animals including fish, insects, birds,
and mammals have natural enzymes in the digestive tract that neutral-
ize rotenone, and the gastrointestinal absorption of rotenone is ineffi-
cient. However, fish (and some forms of amphibians and aquatic inver-
tebrates) are more susceptible because rotenone is readily absorbed
directly into their blood through their gills (non-oral route) and thus,
digestive enzymes cannot neutralize it. Contrary to common belief, the
other ingredients in Noxfish®  and Nusyn-Noxfish®  impart no toxicity to
fish, insects, birds, or mammals (CDFG 1994). Rotenone residues in dead
fish are generally very low (<0.1 ppm), unstable like those in water, and not
readily absorbed through the gut of the animal eating fish.

Q. Will wildlife that eat dead fish and drink treated water be affected?
A. For the reasons listed above, birds and mammals that eat dead fish
and drink treated water will not be affected. A bird weighing ¼ pound
would have to consume 100 quarts of treated water or more than 40
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pounds of fish and invertebrates within 24 hours to receive a lethal dose.
This same bird would normally consume 0.2 ounces of water and 0.32
ounces of food daily; thus, a safety factor of 1,000- to 10,000-fold exists
for birds and mammals. No latent or continuing toxicity is expected since
under normal conditions rotenone will not persist for more than a few
weeks (CDFG 1994).

Q. Will wildlife species be affected by the loss of their food supply
following a rotenone treatment?
A. During recent treatments in California, fish-eating birds (i.e., herons
and sea gulls) and mammals (i.e., raccoons) were found foraging on dy-
ing and recently dead fish for several days following treatment (CDFG
1994). Following this abundance of dead fish, a temporary reduction in
food supplies for fish- or invertebrate-eating birds and mammals will
result until the fish and invertebrates are restored. There is no indication
that this temporary reduction results in any significant impacts to most
bird or mammal populations because most animals can utilize other water
bodies and sources for food. However, the temporary loss in food re-
sources for sensitive animals during mating may cause unavoidable im-
pacts. California has mitigated an impact to nesting bald eagles during
mating by removing their eggs from the nest to an approved eagle re-
covery program out of the area (CDFG 1991b). Likewise, Michigan has
mitigated the impacts to loons by delaying treatments until chicks have
fledged.

Q. Is it safe for livestock to drink from rotenone-treated waters?
A. Rotenone was used for many years to control grubs on the backs of
dairy and beef cattle. The USEPA (1981b) has stated that there is no need
to restrict livestock consumption of treated waters. However, swine are
more sensitive to rotenone than cattle (Thomson 1985).
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