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INTRODUCTION 

El Morro, our nation's second oldest National Monument, ~ains its 

fame through a pqol of water. This year-round desert oasis, 12 feet deep 

with 200,000 gallons, has been attracting people to quench their thirst 

ever since the first Zuni ancestors built pueblos here in the 13th century. 

While hundreds of people have used .El Morro's water hole and left th.ir 

marks on the famous Inscription Rock, we were not the only species to develop 

a dependence on this life giving desent pool. 

All wildlife needs water to drink and nor such reasons birds, mammals, 

and reptiles come to the pool. While these animals can stiLl satisfy their 

thirst requirements, an6ther group, the amphibians require use of the water 

to breed. Historically, there have been a number of uniquely adapted desert 

amphibians native to El Morro National Monument, including: Western Spadefoot 

Toad (Scaphiopus hammondi), Plains Spadefoot Toad (Scaphiopus bombifrons), 

Tiger Salamander (Ambystoma tigrinum), Woodhouse's Toad (Bufo woodhousei), 

and Red-spott~d Toad (Bufo punctatus). 

A number of years ago an exotic species of fish, the Yellow Perch 

(Perca flavescens), was intr:oduced to the monumentls pool. Since that time 

no amphibians have been known to breed in these waters. In his report of 

Amphibians, Reptiles, and Mammals of El Morro National Monument, ~~o.hibald 

McCallum states " ... ! thi~k it would be desirable for salamanders once a~ain 

to occupy that pool. It provides appropriate conditions for neoteny to 

occur., a phenomenon which could be interpreted to visitors with considerable 

educational profit. AccordinglYI I recommend that the fish, which are not 

there naturally anyway, be removed. The salamanders will take care of the 

rest~~ A management objective of the National Park Service is to protect 

and preserve our native w~ldlife heritage. This proposal is .to remove the 

fish from the monument's pool, thereby creating once again, the original 

amphibian breeding colony. 
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HISTORICAL PERSPECTIVE 

Peterson reported in Southwestern Monuments Monthly Reports (SMMR), 

July, 1934 issue that "This is the first season I have seen frogs in the 

water cove, and judging from the noise they are making at present there 

must be a thousand of them in there". There is no known account as to what 

species Peterson was refering to, although Spadefoot Toads are the most 

abundant anuran in the monum~nt vicinity. 

Commenting on a Kingf isher (Ceryle alcyon) near the pool, E. Z. Vogt, Jr .• 

stated in October, 1936, I'll bet he had his eye on the big juicy salamanders 

in the pool". At another time , Superintendent Budlong stated, '. II'Now,when 

I ~as there, we had this low darn across the waterhole. It was filled ' with 

Axolotls ... Water Dogs, I think you call them; the salamander phase of the 

s~lamander. Big things, about 10 inches long" (from 9/29/71 interview with 

Bob Budlong, unpublished M.S., El Morro Library). 

In addition to the historic ,records, a few other species ofanurans 

have been found close to the monument, and are thought (6/85 interview 

with Dale Belcher; Curator of Heipetology, Rio Grande Zoological Park, 

Albuquerque) to possibly exist within the monument. These species inc'lude: 

Canyon Treefrog (Hyla arenicolor), Northern Leopard Frog {Rana pipiens), ' . 

and Midland ChoDus frog (Psudacris triseriata) . 
. 

PROPOSED METHODOLOGY 
I 

The most effective m~thod for removing fish from a body of water is 

with the chemical Rotenone (which goes by brand names of pro-noxfish, 

Syn-noxfish, Nox-fish, Chem-fish : Regtllar, Chem-fishSpecial, Fix-tox, 

Derris, Cube, Derrin, Nicouline, Tubatoxin, Timbo Powder, etc). This chemical 

(C
23

H
22

0Ei) is extracted from Derr.is or Lonchocarpus plants and is registered 

for use as a fish toxicant. Yellow Perch (Perca flav~~~~ns) are the only, 

known fish species in the pool and are verysensit:iveto. the chemical 

Rotenone. A ,dosage of less thafi.one half part . per million (PPM) would be 

lethal to this species {in comparison to tougher species, such as carp or 
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bullheads, which require two PPM for a lethal dose), according to John 

Trimberger, District Fisheries Supervisor with the Michigan Department of 

Natural Resource~, in a 6/86 interview, during a recent visit to the 

monument. 

Inscription Pool, at EI Morro National Monument, is twelve feet deep 

and holds 200,000 gallons at full pool. For a dosage of One half ' PPM; 

this calculates out to one fourth'gallon of chemical required to complete 

the job. Rotenon~ has no known harmful effects on other species and ~hould 

prove fatal to the fish within minutes. The breakdown bime of Rotenone in 

standing water is between 10-14 days, and occu:rs even faster if there ,is 

any water movement or aquatic vegetation present. For best results, the 

Rotenone should be evenly dispersed over the pool surface area and shore-

line. This might be best acomplished with the use of a canoe or small raft 

for access to the pool's back areas (and also be helpful for gathering 

floating dead fish for removal and disposal) . 

Perhaps assistance in removing these exotic fish could be obtained 

from the state of New Mexico's Game and Fish Department. A potential 

contact here would be Mike Hatch, Fisheries Biologist, Santa Fe office. 

John Trimberger, of Michigan D .. N.R. ,has also offered to assist in technical " 

advice and in~obtaining chemicals needed. 

The Yellow perch were originally introduced for control of insects 

and/or exessive vegetation. A healthy amphibian population, if brought 

back,' would be, natural and native predators on insects. , Combined with an 

already existing bird colony in the pool vicinity of Cliff Swallows 

(Peterochelidon pyrrhonota), Violet-green Swallows (Tachyc1neta thelassina), 

and White-throated Swifts (Aeronautes saxatilis), the amphibians, a16ng 

with these avian species, ~hould put a damper on insect populations. 

vegetation in the pool grows primarily in the shallow section along the darn, 

with light-accessible holdfasts or rooting sites being a limiting factor 
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in deeper water. If vegetation density ever does grow toa problem lever, 

it could easily be removed mechanically, with the aid of a rake and a 

standard swimming pool sein net on a periodic basis as need arises. 

While the monument's native anurans and salamanders ' would likely 

return to the pool on their own, if conditions were once again made 

suitable, the process could be speeded up considerably if a breeding 

population could be transplanted in. If transplants~~~.to :: beused, 

should be gathered from an area as close to the monument' s ' poot as possible, " 

to assure the prevention of a different subspecies from entering the local 

gene pool. Specimens of the amphibian 'species named in th~s report hav~ 

alieady been located in cattle tank ponds, on private lands in the~icirilty 

of El Morro, and permission has been .granted from land owners for 
, . 

collection and transplanting of these "animals. Another option is to gather 

specimens on ra~ny nights, through road cruising techniques. 

FUTURE MONITORING 

Upon completion of fish removal and re-introduction . of amphibian 

populations, monitoring should be'continued on an annual basis. The ' most 

effective sea~on for future observations will be late spring and early 

summer. Audial and visual monitoring can be accomplished through flashlight 

lit walks in the pool vicinity on warm rainy nights. Othe"r observat~ons 

can be pericdically undertaken with the use of a dip net for tadpoles and 

axolotls. 

CONCLUSION 

The implementation of this Inscription Pool .Herptifauna Restorati.'on 

Plan would follow the philosophy of the National Park Service, by protecting 

and preserving native wildlife species, while discouraging int~oduc~ion~ ~~ 

exotic species . . Restoring populations of these amphibians 'bO Inscription, " 

Pool would also enhance visitor .opportunity to enjoywil4life observatiotis 

within the mo~ument, and add to the areats interpretive potential. 
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MICHIGAN DEPARTMENT OF NATURAL RESOURCES 

Fisheries l)1.v1.8ion 

Technical Report No. 73-3 

May 18, 1973 

ROTENONE AS A TOXICANT FOR FISHERIES MANAGEMENT IN MICHIGAN 

W. C. Latta 
Fisheries Biologist 

Rotenone (C23H2206), an a:l_kaloid, prima!~:i,ly used as Cininsect1.ci.de, ~s obtained 
from the roots of certain plants of the family Leguminosae. Gardeners commonly 
use rotenone to control sJch things as bean beetles and cabbage worms. Since 
prehistoric times native :tnhabitants of the tropics andsubtropics around the 
world have used extracts :rorn' rotenone-containing ·plants to catch.fish. Depend­
ing upon the part of the we:rld from which it comes, rotenone maybe known as tuba, 
de-rris, cube or timbo. 1'-Iuch of the commercial supply is obtained from Derris 
e11iptica, a plant found in southern Asia. In southeastern United States Tephrosia 
virginiana, devi1's shoest!"ing or goat's rue, contains rotenone' and was used by the 
Indians as a fish poison. At the suggestion of Dr. Carl L. Hubbs, ichthyologist 
at the University of Michigan, 'rotenone was first used in fisheries management. 
In July 1934, Mr. Milton B. Trautman treated two small ponds on the estate of 
Mr. W. O. Briggs near Birniugham, Michigan. An aqueous suspension of powdered 
derris root (5% rotenone) Has used to remove excessive numbers of goldfish 
(Carassius auratus) and carp (Cyprinus carpio). Since then, rotenone has been 
commonly used by fish managers to remove diseased, slow-growing, or undesirable 
fish from lakes and streams. Commercial formulations containing rotenone synergists 
and emulsifiers, were soon developed for use. in fisheries work. 

Fish subjected to rotenone suffocate. R.espiratory failure is caused by a constriction 
of the gill capillaries. Toxicity of rotenone to fish starts at 0.0025 mg/1 
(~ ppm) but an average minimum lethal dose is about 0.05 mg/l. Fi.Jheries workers 
generally use a concentration of 0.5 mg/1 or greater of a 5% rotenO"le formulation. 
Professor Justin W. LeonArd, now'of the University of Michigan formerly director 
of research for the Michigan Department of Natural Resources, in 1938 worked out 
the first minimum lethal doses for some of the common fishes. He demonstrated 
that some fish; such as the goldfish (Carassius'auratus) and the mudminnow (Umbra 
limi) are less susceptible to rotenone than others. From Leonard's study, and 
others that followed', it became apparent that the toxicity of rotenone decreased,' 
when exposed to light, heat, o~ygen, alkalinity, and turbidity. 

Although obviously extremely toxic to fish, rotenone is only slightlytoxicto.> 
birds and moderately toxic to mammals and other invertebrates'. In the J.ow conceI'i,:" 
trations used in fisheries managemen~, livestock may safe~y drink · ... he treated 
water (although it is not re'commended) and such .• things as dogs and1nakes, frogs ' 
and ducks, are not harmed. In toxicity tests for mallards, . the lethal dose . for.·i.t,! 
50% of the birds was 2,000 mg/kg body weight and for pheasants l,414mglkg. The' 
acute oral lethal dose for rats has been reported as 132 mg/kg,fordogs 3,000 
mg/kg, and for man 2,850 mg/kg. At this rate, a man weighing 150pouncls would 
have to consume almost or.e,-ha1f pound of rotenone to have a lethal dose. 

Rotenone has been used in municipal water ·supplies without any·adverseeftects. 
Prob~lms of odor and taste caused by decomposing fish or the solvent used with 
commercial ro~enone products are easily removed with activated carbon. Rotenone 



· t persist in the environment. TreaLea water ~ill detox1fy ~it~iLl d few days 
- ~8 nO 
:~ 8 month. Waters with ~ighalkalinity (pH) ~ high temperatures, and abunaant 
light and air, detoxify rapidly. 

Long-term exposure of 'rat~ to low'concentrations of rotenone did not result in . any 
serious adverse results. A commercial rotenone product containing 2.5% each of 
rotenone and sulfoxide (n synergist) was fed to rats in drinking wa:Ler at a level -; 
of 100 mg/l for 70 weeks. Average weighL of the experimental animals was then less 
than the control group but there were no other symptoms. In additiun, the commercial 
product in water was expoGed to sunlight. and air until the test for rotenone was 
negative an:l ,the solu tion '-."U8 no longer toxic to fish" This formulation containing 
rotenone "breakdown" products was thct' fed to ::oats in drinking water at a :!'e!vel of 
100 mg/l for one year. Agair~, a slight de (~r2c;.se in weight was observed in the 
experimental rats in comparison with the controls, but no gross or microscopic 
pathology was detected. 

Humans may eat fish killed by rotenone without being harmed; however,inhalation of 
rotenone powder by people working with it has caused headaches, sore throats and. 
other cold symptoms. Contact with the powder may cause irritation..>feyes.and a 
skin rash. Liquid formulations reduce risks to safety and health. · TreatEc waters 
may be detoxified by using chemical oxidants such as permanganate 0:- chlor.ine. 
Methylene blue has been u~8d to revive warmWater fish that have been pOisoned 
by rotenone. 

In general, the invertebr.dte animals are much less sensitive to rotenone than fish, 
with the exception of the rrricrocrustacea which are nearly as sensitive. Phyto­
plankton, the microscopic plants in the water, are affected very little by the 
rotenone. At the concentr&tions of rotenone used to kill fish, in almost all 
cases, the rnicrocrustacea ~r zooplankton populations are severely reduced and will 
not be completely reestablished for several months. The effect of rotenone on the 
benthic organisms is· ext remely variable. Whether these bottom-dwellinginverte­
brates are injured or not. depends upon such things as the water tem!'erature, 
alkalinity and,turbidity, and th~ concentration of the toxicant. r~ some situa~ 
tions, after treatment thp- more resistant species of invertebrates become more 
abundant than their original populations, presumably because of decreased competition. 
Reinvasion and increase ir! the numbers of the resistant species of. invertebrates 
insures an available food supply for the fish which are subsequently stocked. 

The commercial-rotenone formulation which is used in fisheries management in 
Michigan has been approved by the United States and the State Departments of 
Agriculture. In 1962 the federal Insecticide, Fungicide and Rodenticide Act 
was extended to cover fish toxicants. To be registered by USDA the application 
and claims must be substantiated by test data. In addition,the St..lte of Michigan 
Department of Public Health has acknowledged th~t rotenone, as used in fisheries 
management, is not a hazard to public health and may be used,with cert~1n pre~ 
cautions, in public water Eupplies. 

As the agriculturist needs the plow to prepare the land for new crops, so the 
fisheries manager needs l'0tsnone to prepare lakes for ne~ fish populations. 
Both need to manage some parts of the environment for the benefit of man. 
Rotenone is an essential tool for the fisheries manager. 



,<Dccnone as a Toxicant f01" 
,.// F.Lsheries Management in Michigan 

// 

Page 3 

References. 

Anderson, R. S~ewart. 1970. Effects of rotenone on zooplankton communities and 
a study 'of their .recovery patterns in two mountain lakes in Alberta. Jour. 
Fish. Res. Bd. Canada, 27(8): 1335-1356. 

Anonymous. 1963. Noxfish and Pro-Noxfish for fisheries management . . S. B.Penick 
and Company, New York, 35 pp. 

Ball, Robert C. 1948. A summary of experiments in Michigan lakes on the elimina­
tion of fish populations with rotenone, 1934-1942. Trans. Amer. Fish. Soc., 
75(1945): 139-146. 

Krumholz, Louis A. 1948. Thi use of rotenone in fisheries Tesear~h. Jour • 
Wi1d1. Mgmt., 12(3): 205-317. . ' 

Lennon, Robert E., Joseph B. Hunn, Rosalie A. Schnick, and Ralph M. Burress. 
1970. Reclamation of ponds; lakes, and streams with fish toxicants: A review. 
FAO Fish. Tech. Pap. No. 100, 99 pp. 

Leonard, Justin W. 1939. Notes on the use of derris asa fish poison. 'Trans. 
Amer. Fish.Soc., 68(J.938): 269-280. 

Lindgren, Per Erik. 1960. About the effect of rotenone upon benthonic animals 
in lakes. Lnst. of Freshwater Research, Drottningholm, Sweden, Rept. No. 41: 
172-184. 

McKee, Jack Edward and Harold W. Wolf. 1963. Water quality criteria. Second 
edition. Calif. State Water Quality Control Board, Publ. No.3-A, 548 pp. 

..J" , 



MARCH, ; 1972 
U.S,F.S. 
St. Paul Off; ce 

ENVIRONMENTAL STATEMENTS 

BACKGROUND DOCUMENT 

, ,PESTICIDES 

ROTENONE 

, , . 

" . . 

, .. ' .' ". ",~~:" -, ' 

" . ~ 
:,; ,g 

," ::,-. 

' " ... 
. ~ 

',- l 

' . ' ,":" " 



t 
C 
6. 

c 
§, 

I . 

, 11. 

I'V I L,."v.,,-

~ 
General Information 

A. Common name - Rotenone (Nox-fish, Pro-Noxfish, Chern-fish Regular, 
Chern-fish Special, fix-tox, Derris, Cube, Derrin, Nicou1ine, 
Tubatoxin, Timbo Powder). 

B. Chemical name - 'C23 H2206 (Extracts from Derris 

C.Registered uses - Insecticide, Fish Toxicant. 

D. ' Formulations - Liquid, synergized 1iquid~ and powdered plant roots. 

, E. 

F. 

Dilution of formulations for use - 2.5 to 5% rotenone. 
e _, • , . '. __ . • .' _ -- ~ ,'. 

Rate and method of application - 0.5 to 2p.p.m. either sprayed by boat ­
of aerial application and also earlier methods using powder '-Iereapplied 

. by dragging burlap bags behind boat in the applied prop-wash. 

G. Tolerances - Rotenone is not considered a serious water pollutant. " Fish · 
ki 11 edbyrotenone have been consumed by humans. Iti s poorlyabsorb.ed 
in the .gastrointestinaltract, and it does not cause any tissue changes 
with the nonna 1 formulation and rateofapp 1i cati on. . There seems to be 
1 i ttl e ·' danger-of' acute poison.ing byrotetlone·inagr..i.cul tural-use. <. Since 
weatheri n9 breaks rotenone down rapidly, chronic effects are also not· 
1 i ke ly . Roten one is one" of- the -few o pes ti ci des that i s exempt from : .~e . • 
requirements of a residue tolerance limit (NACA, 1969)'. - - . -

H. Manufacturer or producer 

Chemical Insecticide Corporation 
S. B. Penick and Co. 
Cherni ca 1 Forrnul ati on, Inc . . 
FMC Corp., Ni~gara themical Div. 
Prentiss Drug and Chemical Co. 

Toxicity Data on Formulation to be Used 

A. Safety data 

Rotenone is moderately toxi .ctoanima1s' and very ··toxic to fish" but 
produces. no , harmful- residues "on ' vegetable crops. Action1s slow and 
the material deteriorates rapidly in sun and air~ - . .. ;' 

1. Mammalian studies 
',,-

-' 

Acutely poisoned animals' show convulsive seizures followed by-central 
nervous system depression • . Death follo\'IS byrespiratoryfailure. · .. i 
Studies further showed acute 1y poisoned animals showed 1 oss :of wei gh1 
general v/eakness, partial paralysis, and incoordination ofe)Ctremi.tir 
Under normal rate of application ·foreitherinsecteontrolor· fish 
control, very little, if any, effects would be expected. Rotenone 
will cause eye and skin irritation. ,. 

Iii.' · A __ .. ', . # .. 
', . ' '!lu' . • ': ... .5 .. , ._.~"': 



Man 
Dogs 
Rabbits 
Gu·i ne~ pi 9s 
~Jhi te rats 

2. Bird studies 

LU/oU 

Oral nammalian 

2,850 mg/kg 
3,000 t1g/kg 
1,500 mg/kg 

.60 mg/kg 
132 mg/kg 

. . 

Acute ly poi soned symptoms of bi rds waul dbe :immob; 1 ity, neck "·, 
pulled in, and feathers' fluffed or held tightly to body. The 
following shows that ,little likelihood of poisoning exists. 

Pheasants 
Nallard Duck 
Chickens 
Robins 
Sparrows 
Hourn; ng doves. 

2. Other aquati cs . 

. LO/50 

'Oral Mammalian 

1,000 mglkg 
2,000 mg/kg , 
1,000 - 3,000 mg/kg 
1,950.-mg/kg 
1;300 mg/kg 
4,000 mg/kg 

, /": . 

One of the greatest uses of Rotenone today is as a piscicide. ' " 
Depend; ng on speci es ,. the normal rate of app 1; cat; on is from '." 
.5 to 2 p.p.m. Its effects on some of the aquatic insects ,a rEr;:.:,: < 
as follows: 

LO/SO 

Daphnia 
Cyclops , 
Phantom midge larvae 
Midge larvae 

B. 'Physi cal-Cherni cal properties 

Molecular weight , 
Mel ting point 
Solubility in grams/laO m1. of: 

, Water 
Alchol 
Ether, etc. 

0.23 to 0.57 ,p.p·.m • . 
0.12 to 0.49 p.p~m. 
O.64 ·to 1.32 p.p.m. · 
0.10 to 0.31 p.p.m. 

394.41 
1630 C 

Insoluble . 
0.2 grams at 20° C . 
0.4 grams(eth~) 
8~5 grams (b~nzene) 
0.6 grams (carbon "tet.) 
7.3 grams (chloroform) . 
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Undesirable fish can generally be eliminated with a concentration of.; 
0.5 ppm rotenone. Under ideal conditions much lower concentrations 
may be effective in selective species removal. Properly applied, 0.5 
ppm rotenone should be the maximum concentration generally needed to 

. kill most fish. A dosage of 1.0 ppm is recommended if doubt exists. 
Rotenone is available in powdered, emulsified» and synergized fonm.s. 
The emul s i fi ed and synergi zed forms are recommended mpre .. than the 
earlier powdered compound. Emulsified roteno~e is.less irritating to 
handlers and is less bulky. The greatest value ofemu1sifiedrotenQne 
is its ability to penetrate colder waters to a.greater depth. 'It also 
results in much better dispersion of che~ical. However, treatment in 
cold water in deeper basins continues to be unsatisfactory when powdered 
or emulsified r'otenone is used. The emulsified form tends to form 
globules in cold water. 

The synergi s ti c form of rotenone sho\,/s greater toxi cat; on powers. The 
synergistic form consists of 2-1/2% rotenone combined \'4ith a synergis"t~ . 
Sulfoxide is one chemical used as a synergist "/hen by itself it is non-: ' 
toxic to fish. In addition of a synergist as sulfoxide decreases the 
.amount of rotenone normally'neededto be applied to an area.' . . 

Rotenone is not considered a serious \'1ater pollutant even though it has 
'high toxicity to fish. Any fish killed by pO\>/dered rotenone is fit for 
human consumption. Rotenone can be used to obtain a complete kill of 
fishes in a pond, lake, reservoir or stream; to obtain a partial kill 
to thin populations of stunted fish; or to kill certain fish ,species 
and not others. 

-There are seri ous di savantages of rotenone as a fi sh toxi cant. Toxic; ty . 
is affected bY,light, temperature, oxygen concentration,alkalinity, and 
turbidity. Some target·species such as carp and bullheads are relatively 
resistant to rotenone. These species often require high concentrations 

. and great effort for control. F,ish are often repelled and tend to seek 
any avenue of escape, therefore, rotenone is limited for use in par~ial 
treatments. 

B. Phytotoxicity - No information "found. 

c. Translocation with plant or animal treated. 

Rotenone interferes with blook circulation and oxygen exchange in fish' •. 
Blood becomes unable to supply oxygen to various' organs. Gill Capillaries 
shrink to a diameter through \'/hich oxygen-bearing blood is unable to flow. 
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D. 

E. 

Fish wi 11 recover from r"otenone poi son; nq if they are pl aced in 'un- . 
trea tec~_)tet" after fi rs t. 5 i gns of. taxi. ~~. ~otenone anestheti zes 
vertebr~e nerves and braln. Fat 1n th~let lncreases the tendency 
for rotenone to be absorbed into an organism's system. Fish killed : 
by powdered rotenone are fit for human consumpt.ion. " 

: -, . 

Persistence in soil~ water, or plants. . ~- "': .'> " 

:: ",' . ;~~,'~'. ; :~-<:. '~ ... ~' .:. 

Rotenone applied , as ,a fish toxicantdetoxifiesrap'idly under ·natural ' .. 
conditions. Time necessary for natural detoxification is .difficult:·,, to 
predict. In general, high alkalinity, high temperatures~ abundant ~· ~>,,:.,>., 
1 i ght and ai r ~ and lower concentrations of rotenone favor rapid 'deto~.;: ! ';" 

. ification. Natural detoxification results in almost 'no :toxic residues 
being left. When rotenone is used in sufficient strength to kjJr ,~~rm 
pests, it is potent to fish if washed from the soilintowater~'::: ;":"bCJut , 
75% toxicity of powdered rotenone may beexpendedi n a peri od ~ of '~\, '~' 
days. Emulsified rotenone may lose its toxicitywithin' 20to41 :days " 
after treatment. ' A seri ous of pond experiments in 'Okl ahoma were";~;' ;f.'"., 
reported by Clemens and Martin (1952) • Dosage of emulsified rote~o~:~·:.:,y '., ,' 
varied from 1/2 to 2 parts per million and a range ofalkalinitie,s "a:h(f :'" 
turbidities was encountered. Surface temperatures ranged from 78' to :., 
90 degrees F . Detoxification required 1 day to a maximum of 6days ~ ":~ " 
Equations were ,worked out by Post (1957) in ~lyoming topredictdetoxt~ , 
fi cati on. At water temperatures ranging from 45 to 60 degrees .F., "'.: ' 
detoxi fi cati on was pred1"cted by the equation 93 - 1.33 x temperatures~ . 
In water temperatures of 60 degrees to 80 degrees ·F., detoxification" . , 
was predicted by the equation 38 - 0.4$ X temperature. 

Rotenone may be detoxified immediately by using o.xidants such as ..... . 
I'otassi urn permanganate and chlorine. The amount of. dexoticantrequired 
is about the same as the amount of carrier used. Additionaldetoxicant 
is necessary in water· containing high organic matter. The detoxicants 
used do not have significant effect on subsequent stocked fish. " 

Capati bi 1 i ty wi th other chemi ca 1 s~· 

, Studies indicate that the recently developed Antimycin A is 
wi th rotenon'e. 

IV Environmental Impact 

A. Non-ta rgetorgani sms . (see I I A, Safety data.) 

Rotenone generally results in low toxicity to non-target animal species. 
Unicellular animals such as amoeba lose their shapes and 'experience cell 
wall disintegration when subjected to rotenone. Aquatic insects. ,: ' , . " , 
crustacea, and other vertebrates are generally less sensitive to rotenone 
than are fish. Crayfish nerves and muscles appear to be unimpared by . 
rotenone. . "> ',, ' 

Subsequent to carp removal by rotenone, aquatic 'plants ;may ben~fit : ',: , 
greatly from the disappearance of turbid water conditions caused by . 
carp. Submergent vegetation tends to spread through areas previously 
barren of growth due to turbid conditions. 

Rotenone carr be applied at specific dosage rate~ to s~1~ctively ' k111~ 
species O~ areas. ,Selective advantage can bemadepfdlfferent flSh 
living, feeding, and breathing habits as '1lell as d1fferenc.es in 
suscepthility to rotenone. 
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B. Res i due~~n te ri ng food chains. 

Rotenone rapidly detoxifies under natural conditions. Detoxificat1on 
occurs \·lithin a few days to a month under most circumstances. Little 
investigation has been made on residues in fish flesh. Only a few 
studies have been conducted on water residues and their problems~ . 

Rotenone·· i 5 one of the- few- pes ti ci des ·~ that ; sexempt . from the ' 
ments of a residue tolerant limit· (NACA, 1969). . : , 
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