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ABSTRACT

This study was performed to determine the toxicity
of antimyein to aquatic populations, bOth:pelagic and

benthic, Test organisms Iincluded clams, crayfish, frogs,

scuds and caddisflies, ILethal concentration 50 (LC50)

values were found fonVaryihg”wétef'dﬁalities and formu-

lations of antimycin. Results indicated that antimycin
was less toxic to these organisms, except for scuds, than

to fish., Antimycin was toxic to scuds at piscicidal con-

—genbrations.

The toxicity of Jjuglone %o carp, green sunfish, channel

catfish and phytoplankton was determined. ?ﬁé”éfficacy of
juglone was measured in the presence of sediments and after

exposure to ultra-violet and vi31b1e 11ght

~ Channel catfish were found %o be the most sensitive

to juglone, and carpmthe_1easLJSensitiveluuBoth the pre-

sence of gediments and ultra~violet light lowered the
toxicity of Jjuglone to fish; Visible light showed an
‘insignificant changejinfthé“effiéady*bf“jﬁgibne. Growth

-of the phytoplankton was inhibited by copcentrations of

Juglone that were toxic to fish
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INTRODUCTION

The development of figh farming and the management
of ponds and lakes on a “put and take" basis has brought
about an increased need for chemical compounds which can
be used %o control fish populations. The two compounds
used in the present study as f£ish toxicants were juglone
(5—hydroxy-1, 4-napthoquinone) and antimycin A. Both com-
pounds are considered desirable because they are natural
pfoducts, are highly toxic to fiSh‘at low concentrations,
- and are readily degradable.
~ Due to physical chemical and biological character-
istics of juglone, 1t was thought that juglone possessed

the potential to become a registered fish toxicant, Thus,
one of the objectives of this study was to acquire data

which could be used to support the registratlon of Juglone.

Skeptlclsm on the part of some scientlstq Has brought

about concern as to the effect -Of- antimycin A-non-target
organisms. The main- objective of regearch pertaining to

. antimycin was to produce data on the toxicity of antimycin

to selected representatives of the aquatic ecosystem exclud-

ing fish.

The concentratibﬁb“&hd“fd?mS”of”juglone”which exist

in solution can be affected by physical and chemical para-

me%m's.t ”herefore,.an anaTytical proceduwe for determ-

ining the presence of Juplone in the aqeatlc environment

was derilved, Visiblerand~u1tra~violet spectrum analyses




were performed to obtaln a standard curve.
By use of stock solutions and serial dilutions, the

toxicity of juglone to three species of fish was tested.

The fish included carp, Cyprinus carplo, green sunfish,

Lepomis cyanellus, and channel”ééffiéﬁ;mICtalurus punctatus.,

The.reduction in the standing croﬁ,of_two specles of greeh

algae“(Chlorella vulgaris and Chlamydbmqnas sp.,) was also
determined in the presence of juglone, o
'.Together with toxicity.Stddiéé; thé:effect of sev-
eral physical pafameters‘on Juglone was tesﬁed.inlthe
laboratory. Parameters_selected.which would most likely
'effect the efficacy of Juglone ﬁere‘ultra-violet light,

Research involving antimycin inecluded studyﬂof toxiclty

to selected aquatic organisms. Frogs, crajfiéh; clams,
scuds, and caddisflies were all tested to determine their

sensitiviﬁy to antimyecin. Two_formulations of‘antimycin

were used including”ézliQﬁi&iéﬁd“a ﬁ6ﬁdér;“;ﬁ5§é§ér, the

active antimyciq_in;eaghmﬁgnmulationWWasmbeing.tested,-

not the formulation_itselﬁ;;




LITERATURE REVIEW
JUGLONE

Juglone (5-hydroxy-1, H-napthoquinone) was first
isolated from the walnut pericarp as a yellow, crystalline
compound by Vogel and Reischauer: in 1856, -At-the time,
they called the compound nucin. Mylius (1885) reported
that the walnut did not contain juglone, but contained
reduced forms of juglone f{xandg '-hyd:f:'ojuglone). Westfall

et al, (1961) comments that even before this time, wal-"

‘nut hulls were a part of the folk history of the United

" States in that they were used: successfully as both medi-

cines and poisons.
Juglone can be-extradted from three species of wal-

nut: Juglans cinerea, d. nigrans,_J regia. The bark

of the hickory, Carya ovata is also known to contain Jug-

lone. Stecker (1960)-has- synthetically -produced Juglone

by the oxidation of 1 S-dihydroxynapthalene.

Considered both a chemically and biologically active

"compound, Jjuglone has ‘been the source of. a. con51derab1e

m_;amount of vesearch, Daglish (1950a)-demonstrated that

: ”;_is;the B-glucoside of-x-hydrojuglone;. HiS‘results showed

seasoﬁai and'ﬁiéSue”variation“inﬁﬁhéwoonoeﬁtrations of

whydroguglone g1u0081de present rphQ hlghest concentrations




:Heve-been Tound in the winter buds and catkins. With
‘this evidence at hand, he theorized that the hyarojuglone
glucoside may have use in the oxidation-reduction systems
assoclated with increased cell metabolism,

Daglish (1950b) hae‘alsoashowh that hydrojuglone
glucoside readily undergoeS-hydrolysisito form s ~hydro-
Juglone and glucose., Once fhis3chUrS, hydrojuglone is
 eastly oxidized In agueous media or in alr to produce

- 1,4,5-napthoquinone (Griee, i§M3a).' Prolehged expoeure
to air reduces juglone to «hhydrojugldne._

As a biologiealeagent,-Jugione has shown toxicity

to most organisms from bacteria to higher.plants.and mame-
mmais. According to'wesbfail~e£5é1{eCi?éi};wjuglone is

the only biologically active agent'in the'walnut.

Gries (19434) Has shown that Juglone is toxic to
both bacterla and fungi. Massey (1925) found that toma-

toes would wilt and die when planted in close prceximity

to walnut treés, DeviS”(l928)aéﬁﬁ;éfiEB'119H3p)f05%erved

the toxicity of juglone to tomatoes and alfalfa; Bode

'(lQSé).feﬁﬁd the same with tomatoes and tobaceco, However,
MacDaniels and Muenscher (19&1), have revealed that jug-

'llone showed no 1nhib1tion to tomatoes.

Daglish (1950&) believes that these discrepencies

are due to the compouﬁd present in the walnut, Only

Juglone shows toxic effects.- MacDaniels and Muenscher

m(l9ﬂl) -speculated that soil- texture, aerat*on and meisture

hay relate to the tox*citJ Of Juglone._;m;wmnmmmmm




Gilbert et al, (1967) proved juglone in the bark. of
the hickory to be a deterrant to feeding by the elm bark

beetle, Scolytus nultistriatus. Fish were found to be

sensitive to Juglone in low concentrations by Marking
(1970). Exposﬁre of nine species of fish to juglone re-
vealed that the 96 hour LC50 values ranged from 27 to 88
parts -per billion. He also indicated”tﬁaﬁ.water tempera-
”ture.and water quality had 1little or ﬁo effedt on‘the tox-
boity of juglone _ | S

. Research with mammals has shown that Juglone acts
as a depressant to mice, rats aﬁd rabbits‘(Westfall et
al., 1961), After working with dogs, Boelkins et al.
(1968) has fouhd_thatmtéh mg. of juglone per kg. of body

weight was fatal. Five mg. showed only histopathic changes

‘in~the-llver and'luﬁgSTWMHewcone&udedmthatmjuglone was
toxie to cell membranes; therefore, increasing capillary

permeabllity. Bhargava and Westfall (1968) have shown

—ANTIMYCIN . o o

that—juglonedecreases tumor growth-rates+— -

Antimycin is a nitrogenous, phenolic compound which

. was first isolated from the bacteria Streptomyces sp.

The role of antimyein was found to.be_an antifungal anti-

fublotic. Dunshee et-al. (1949), Strong (1956) and Lock-

wood et al, (195&)ja;l“isolated“thefantibiOtic&froﬁ_Strep-

“tomyces sp. At least seven species of Streptomyces are

_known to preduce antinvein, e

In Japan, Watanebe et al. (1957)- and-Harada et al.




(1959) found énother antibictic similiar to antimyecin.

Isolated from S. blastmyéeticus, the new antibiotic was
called blaétmycin or antimycin A3 7 | |
The isolation of this antibiotic led to the determin-
ation of the physical and chemical propertles of antimycin,
. Dunshee et al. (1949), Strong (1956),and-van Temelen et

~al. (1961) were instrumental in revealing the structural

nature of antimycin, The-empirical - formula of antimycin
was found to be 028 40 N .09 The structural formula
is indicated in figure 2,

According to Keitt'et'al;m(1§§3), éhtimycin is rela=
tively insoluble in water but is completely soluble in

‘acetone, ethanol and chloroform, Although insoluble in

water, antimycin will undsrgo hydrolytiec degradatiecn in

alkaline waters. Research by van Temelen et al, (1961)
has shown that the alkaline degradation of antimycin will

form blastmycic acid plus antimyc1n lactone (fipure 2) .

Another possible mode of alkaline degradation occurs at

-the hydroxy radicali: Under-alkaline conditions, the HY

lon goes into solution leaving an 07,

‘Derse and Strong (1963) agree with these data. They

belleve that completéféééfééétionmof 10+pﬁﬁiéhtimycin OCw

~eurs in seven days. ' Marking and Dawson .(1971), hdwever,

demonstrated that the time of dégradation is dependent

- on the pH. Tne biological half-life of antimyein at pi

6 and 6.5 is 310 hours, whereas at pH 10, 1t is reduced

te 1.5 hours. They also found that antimycin is deactivatad




more readily at higher_t?mperatures.

Antimycin is one. of the few compounds whose biolégiu
cal activity is knowﬁ. Strong (1956) reports that anti-
mycin is a respiratory inhibitor,. Specifically, antimycin
prevents the transfer of eléctfbhé”fféﬁ"éytochrome b to:cyto-
chrome ¢ on the electron tranqurt:systgm." Schoettger
and Svendsen (1970) demonstrated that in vivo, the res-
piration of the brainwwaﬁ,ﬁpremﬁgngitivéAthan_either'the
liver or kidney. - -

The toxicity of antimycin to.mOSt organlisms has been
well established, . Antimycin appears ﬁo be non-toxic to
bacteria, but is eXF?gmely toxic to fungl. Walker et al.
(1964) found that antimycin was highly toxic to fish,

They found that three members of the family Ictaluridae

were most resistant to antimycin. The LC50 of these fish
averaged near 50 ppb. They also reported that plankton,

aqﬁatic plants, benthic fauna, salamanders, tadpoles angd )

turtles were not harméd b& §i§éi€idéi"égﬁéégffaglons,

Gilderhus (1969) agrees that concentrations which were

'toxic‘to fish were_not_détrimental'to nontargét‘fauna.-




METHODS AND MATERIALS

The juglone used in-theee'ex5erimehts was obtained
from Aldrich Chemicals; Inc, of Milwaukee, Wisconsin,
Approximately oB% pure, the juglone was considered to
be analytical grade, Since Juglone is relatively insol-
ub1e in water, equal volumes of acetone and water were
used to place juglone in solution,

Research pertaining to antimycin was performed with

two formulations of antimycin. Antimycin powder was
approximately a5. 57 active antimycin, Antimycin liquid
Ry

was used 1n the form of Liquid Fintrol Concentrate
(10% active antimyein). -Beth forms_of antimycin were

produced by Ayerst Laboratories Inc., New York, New York,

A1l the stock solutions of antimycin were made up to be

-.100%. active antimycin,

Antimycin, like. juglone, is.relatively insoluble in

~water. However, antimycin is also unstable in water.

Stock solutions contgining¢antimyelneweremobtained by using

~acetone as the soleuselvent,ihﬂ;;eformsmof~antimycin were

fefrigerated, due_@o-the"factwthatfantimycinwis susceptible

R
e 1,Registered Tradmark - Ayerst Laboratories Inc.,
New York, New York
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to degradation at higher temperatures and in the presence
of light. It was also suggested that the stock solutlons
be made up no sooner than 24 hours before a test,

Stock solutions of antimyein and Juglone were made
using the following relationship: =~ =
0.1 gm.‘of;solute-perilOO-ml. of_solvent.e'A one ml,

'aliquot of this stock solution introduced into one liter

of water in the bioassay vessel produced a. concentration
of ohe part per million. To avoid excessive error, these

additions 0 the vessel were madé such that no more than

five ml, of the stock'solution were addéd”ber liter of water.

WATER CHEMISTRY

A1l water used for the bioassaJs was reconstltuted

distilled water, Reconstituted water was-classified into .

four types: very soft; standard; hard; very hard (Table 1).

Periodic water analyses (EDTA hardness, pPH, total alka-

llnity) were run to assure the corvpct_ogmpesition of the

water,

“"All. the reconstituted water was mixed in two 200 liter

contalners with inert plastic liners, 'Salts were added

~in varying amounts5t0wachieve~the-desired water guality.

- Prior to use, the water was aerated for several ‘hours., A

water temperature of 130 C was maintalneq throughout the

duration of thiS-Study,ﬂr'“”f”“

__BIOASSAY PROCEDURES..

- Static bioassay procedures used were similar to those
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of Lennon and Walker (1964). Several modifications were
made due to the facilities at hand,

Ali testing was performed in one and five gallon glass

jars. The volume of water contained'in each vessel was
dependent on specimen slze, To prevenp_overloading, no
more than 6ne gm., of test organisms was used per liter of
wéter; therefore, one, ten, and fiftééh‘iiier'véssel sizes
were empioyed. |

Test drganisms'wéfé”addéﬁ”é&”éﬂé”ﬁééééié”éﬁa allowed
to acclimate for 24 hours. At this time, the toxicant was
intrbduced ih appropriaté amounts,..ObservationS'of mortality
were then made at 1, 3, 6, 24, 48, 72, and 96 hours, Dead
test organisms were removed after ea¢h~observation and

Inclnerated.,

After testing, the vessels were filled with tap water

contalining 25 gm. of charcoal, Thé jaré were allowed to

:'stand several days before dumping. The jars were washed

with Deoxhe_ fortified_wiih hydrochloric acid,mtap water,

. and distilled water prior to reuse,

EFFICACY STUDIES WITH JUGLONE
o Spectrophotbmetic analysis of water for the presence
“of juglone was done with a Gilford spectrophotometer (Model

240), The visible and ultra-violet wavelengths were scanned for

Rp Registered Tradmark

. National Chemsearch Laboratorles,
_;Irving, Texas.,. :
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a maximum absorbence peak. | |

- The uptake of juglone by sediments was tested by
adding silt, sand, and organic ciay separately. Two-hundred
gm, of sediment, 500 mi. of water and five ppm Juglone were
added to an Erlenmeyef flask, Ail'fieekedwere-maintained at
120 ¢, For each sediment type, three_statio flasks and
three.agitated flasks_wéfe maintalined.. Thekeontents of each
flask were analyzed for Juglone.at 8 and 48 hours.
| The toxilclty of juglone to fish was aleo tested in the
presence of a organic sediment. In the 1ab,_the sediment
was blended, autoclaved and dried, Fifty gm. of sediment
were added to ten liters of water.ddThe sediment was allowed

~ to settle for 24 hours., Fish were added and standard

bioassay procedures were employed

The efficacy of juglone was also tested after exposure
tO"visible and-ultra-violet-light;,-Stock solutions of

Juglone were made such that a ten mil, alxquot contained

180" ppb when added to ten liters of water. The ten ml,

saran wrap. Control dishes were covered with aluminum
. foil. The light sources were a General Electric UV Sunlamp
(1000 1ux) and a 300 watt incandsscent clear bulb.

After the 96 hours had elasped, the contents of each

Petrl dish were emptied*intO“separate%bioaséay*vessels.

~ Standard bioassay procedures were then employed. The degree

of de Lion was determined ------ by the to icztv of. the juglone
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The toxicity of Juglone to two species of green algae .

was determined. Chlorellarvclgaris and Chlamydomas sp.

in pure culture, Were grown on Bold's Basal medium for
ten days. The cultures were placed.in an_ehvironmental
chamber in a 12 hour light and dark cycle at 23° C.

One ml. of culture, appropriate amounts of toxicant,
and 200 ml; of Bold's Basal medlum were added to a 500 mil.

Erlenmeyer flask. The new cultures Were incubated for

After eight days, the cultures were centrifuged for five
minutes at 5700G. The centrifugate was dried, weighed and
ashed, Reduction in standing crop-was exXpressed as mg. ash

free dry welght,.

TEST ORGANISMS

The test organisms in this study included carp,

Cyprinus carpio, green sunfish, Lepomis cyanellus, chan-

nel catfish, Ictalurus punctatus, leopard frog, Rana pipiens,

crayfish, Orconectes immunis, clams, Lampsilis recta, scuds,

Gammarus limnaeus, and caddisfly, Hesperophylax sp. The fish

were obtained from the Fish Control Laboratory in La Crosse,
Wisconsin. Frogs, clams and crayfish were purchased from

Nasco, Inc,, Fort Atkinson,'iisconsin.m Scugs_and caddisfly

 larvae were collected from Coon'Valley Creek, Vernon County,

‘Wisconsin, Procedures ______ for handling the-figh-were those of

‘ Hunn et al. (1968). Food was withheld from the fish 96 hours

—Dbefore the test; and- theﬁfish Were: alloned to acclimate to

L“c recomstituted water for 24 hours before Lhe test., To
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ﬁrevent ovérloading and for valid statistical analyses, ten
fish were added to each jar., It more than 10% of the

- control died, the test was invalidated, _

Twenty scuds were used in each jar. Ten‘organiéms

of all other speciesnwere;employed;4;¢¢g;:m.

STATISTICAL ANALYSES

_ Toxicology data obtained .in this study were analyzed
according to the methods. of.. Litchfield ----- and-Wilcoxon (1949) :
Using log~probit graph paper, a linear relationship was
obtained between dosage &nd’ mortality, From this regreg-
sion line, values.weré'bbtained'téndétéfmine a chi-squafe

value, and thls single value inéured the validity of the

—test,

Also from the regression 1ine, the IC » and

16" 50

84’ were obtained. With the use of computer, the 95%
confidence intervals were calcﬁlaﬁed for 24 and 66 hour

readings.




RESULTS

The maximum absorbence peakmforgjuglone_occurredAat
264nM. Ultra-violet spectrum analySés”proved more fruit-
:ful than visible spectum analyses.éiﬁﬁé.aﬁséfbancy was

”unaffectéd by the pH of the solution. A standard curve
" was obtained by using known concentrations of juglone
analyzed at 264nM (Figure 3). A linear relationship was
obtained when concentration vs. absdfbancy was plotted
on semi-log paper. 'Aithbugh the plot remains liﬁear, the
_slope changes above and;beloﬁ-5QQippbg' Concentrations

pelow 20 ppb produced erratic results.

TOXICITY OF JUGLONE TO FISH
The toxiclty of- juglone to three species of fish was

determined by using the static biloassay (Table 2), OFf

the three, channel fish, Ictalurus punctatus appeared to

47,0 and 40,0 ppb at 24 and 96 hours respectively.. Carp,

_Cyprinus carpio were the most resistant. The LC50 values

for 24 and 96 hours in standard water were. 57.0.and 53.0

respectively. The3differences;in;sanéitiylﬁythwever,

. -The LC50 values were somewhat greater in the hard

or alkaline waters for all species (Table 2)., Althoush

 the difference appeared to be aporeciable, it can be

 1# *:' 8
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considered significant, 'Therefore, the efficacy 6f Jug-

lone is not changed by alkaline or high pH waters.

* ABSORPTION OF JUGLONE BY SEDIMENT
- Reduction in the coneentration ofljuglone was found
to oceur in all three fl&Sks and‘wiﬁﬁmeeeg“eediment type
(Figures 4, 5, and 6). The flasks containing.the organic
sediment showed the most reduction (Figure 6).

Iittle or no reduction in- the-concentration of jug-
lone occurred after eight hours. However, after 48 nours,
lthe concentration of juglone ﬁas ﬁeduced to half in the
statlc vessels and approximately one-fifth in the agltated
samples. Reduction-wes_evenne#edeintthepeged or control

”;fiééks. B

Not only was the concentration of Juglone reduced

in the presence of a sediment, but the toxiclty of Jug-
lone to fish was greatly reduced (Table 3). The concen-

trations needed to kill carp and green sunfish nearly

doubled in the presence of an organic sediment The ICRO

S fop carp at 96 hours- without sediment ‘was 72 o ppb and

this was raised to 117 O ppb with sediment The values
~.for green sunfish were 53.0° ppb and 107 ppb respectively.

.:Twenty—four hour’ readings-were~similar (Table 3)

' ;-~-0XIDATION OF JUGLONE BY LIGHT B

Exposure of juglone to ultra-violet 1ight drastically

ﬂfreduced ‘the efficacy Of juglone (Wi' ' *f”801utions

TreEposed -ty ulura-V10iet iicnt *01 35 ana bb hOUfS pousessed

“hokilling power. Solutions exposed for 1, 8, ‘and 16 hours
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were quite toxic to carp at 24 hours.

The control solutions of juglone remalned toxic to
éarp after 58 hours of aging, “However, éging did reduce
the toxicity of juglone (Figure 7). Visible light had
an insignificant effect on the_toﬁicityfﬁfjjuglone (Figure
7). The line representing_expdsure_to.visible light was

nearly parallel to ﬁhe control,

TOXICITY OF JUGLONE TO PHYTOPLANKTON

Chlamydomas sp. and Chlorella vulgaris were extremely

sensitive to juglone (Figure 8). Concentrations of jug-

lone below ten'ppb'were‘non-toxic to algae, However,
concentrations of 75 ppb reduced the standing crop by 50%.

A domplete reduction was noted with concéntrations approach-

ing 150 ppb.

TOXICITY OF ANTIMYCIN

Scuds, Gammarus linnaeus, were found to be most sen-

sitive to antlmycin (Table. H).' The LCH0 for 96 hours

_ was approx1mate1y 500 parts per trilllon.‘ This”value coinw-

clded with piscicidal concentrations (Figure 9).

The caddisfly, Hesperophylax Sp., was much more sen-

sitive at 96 hours than at 24 hours (Table Q and 5)., The

- average LC50C at 9b hpurs_was”apprqximately ten ppb. Cray-

~ fish, QOrconectes immunis, and clams, Lampsilis recta, were

_ found_to be completéijifESisténtﬁtd éhtimycin-(Tables 4

and” 5) ThHree est TONST Uroduced-oim 1ar results for both

orvanlsms. Concentrations.upmto“flve”ppm;were”found to
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be non~toxic to c¢lams and crayfish.

The only aquatlc vertebrate tested was the leopard

frog, Rana pipiens. Concentrations producing a LC50 were

similar to those of thelcaddiSfly. At 24 hours, the LC50

averaged near 45 ppb and at 96'56ﬁfs;"ten“pbﬁ}
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DISCUSSION

On the basis of this study,'Juglone appeared to be
toxic to three representative genera at concentrations
less than 150 ppb. These data agree with that of Marking
(1970) who tésted nine species of fish, Time_and water
quality have little effect on the toxiclty of juglone
to fish. Marking (1970} also states that juglone is de-

.gréded after seven days in alkaline water. However, this

degradation does not take place before elimination of tar-

get organisms. Thus, Juglone appears to be more promising

than antimycin as a fish toxicant because 1t.1s relatively

unaffected by temperature and alkalinity but 1s readily

degnadablelNMAISQ,WchannelmgazfiSh are highly sensitive

to juglone. Further research 1s needed to determine the

_effect of juglone on the aquatic environment.

Once juglonamisﬁaddedfingatexafth@fﬁéﬁé;éﬁatﬁiS

compound 1s determined by the'presenée of sediment and

exposuré £6 Ultra<violet light. Sediment studies have

revealed that juglone is readily adsorbed onto the sur-

“"face of sediment, = regardless of compcsitidn, thus ac=-
“counting for the reduction in concentration of Juglone.

~ Agitation of the vessel exposed rmore of the surface of

thé sediment; therefore;fgféaterﬁadscrptionfcvcufredt

~gomeentration-of - jugleones—Thig-deducticen-can-be expl

. Control flaskéméiSO;ShOWedWSOme;neduction in the

.
inad

&4

g

AT A T
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by adsorption of Jjuglone to the sides of.the'éiéss ves-
sel. This bound juglione was recovered by rinsing with
acetone.‘ However, a small quantity of Juglone was still
unaccounted for, It was thought that this juglone had
undergone oxldation in the aqueous media,

~Adsocorption of Juglone to the surface of sediments
accéunts the feduced toxicity to fish, Movement of the
~fish in the bioassaj vessgel suspended tﬁé.sediment; thus
inereasing the adsorptivé powers,

Adsorption bf juglone by the sediment can also be
controlled by the amount of oxygen present. It is well
known that adsorption proceeds at a higher rate with

oxidized sediment. Adsorption may not take place at.
all in the oxygen depleted waters of the-hypolimnion;

Juglone was also shown to exhibit extreme toxicity

to Chlorella vulgaris and Chlamydomonas sp. Pish-killing

concentrations were shown to have a herbicidal effect

on the algae. This data is important in determining the

usefullness and fate of juglone., Incorporation of jug-

“Jone into algal ceils wiil reduce the concentration in
solution, It is suspected that higher concentrations

'“ofwjuglone are needed-to kill fish in natural waters than

 Extended exposure to ultra=violet light reduces

_efficacy of juglone;t635§§5iﬁﬁ§4éé;§f05

—It—Ts Suspected
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aqueous media, causes a considerable depletion in con-
centration; therefore, the toxleity of juglone is reduced.

Control flasks again demonstrated reduction in the
efficacy of Juglone, These results agree with those of
Gries (1943a). Visible light causedtan.ineignificant
change in the efficacy of juglone;

”The differences between visible and ultra-violet
liéht cannot be readily‘explainedgojHoWeVeniift;fetthought
fthat_tne ultra-violet lignt.increases the chemical activity
of juglone. | _ |

ResultsIobtained-formthe"antinycin”feséarch proved

to be erratic. Antimycin was toxic to Rana pipiens and

Hesoeroohylax sp., but not in piscicldal concentratlons.

’Gjldernus (1969) and Walker“et al. (196ﬂ) ‘both agree that

antimyecin is non-toxic to nen-target organisms., .Gillderhus,
: however;-reports partial montaiity~of-scuds exposed'to

concentrations of antimycin near 4 0 ppb - This is in

T T Y
&1

conflict to the resulte obtained on Gammarus limnaerus.

s iscrepency could-be- explalned by the fact-that ‘the

results of Gllderhus were obtained from a field test.

. The most striking results were those obtalned from

: Oronectis immunis and Lanneiiie"recta;w~iCalcdiatedacon-

nentratlons of five ppm antlmjcin produced noc-effect.,

'Although acetone was used AsTar Qarrien_to"piacemantlmycln

in solution, it was thought that concentrations of anti-

- myeln in the veesel d*d not exceed ohé on'two opm. This

,agreed wztn Keitt et al. (1953) who demonstrated That
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;ntimycin is readily insoluble in water.

The mechanism of toxlcity to the organisms tested has
not been clearly determined. Derse and Strong (1963)
demonstrated that antimycin was taken up at the gilis and
eventuélly 1nhibited.fespiration, Thus, differences
in gill structure may cause diffefenceé'in uptake of
antimycin.' |

.Strong-(1956)'reports that some higher animals can
bypass the'electron”tféh35555féyé£ém;“éﬁd £héféfore, be
unaffected by antimycin, Cheah (1957)_found that the

cestode, Monlezia expansa possessed a branched electron

trangsport system., Inhibltion by antimycin in one system
~can be overcome. uThesg:tWQTtheq?igs-may perhaps be an
explanation for the resistance of c¢lamg and crayfish to

antimycin.

The toxiclty of antimyeclin was. reduced in hard water,

This agrees with Marking and Dawson (1972). Alkaline

degradation..of antimycin in pH 8-waters is well established
(van Temelen et al., 1961)., -

One, both formulations of antlmycin produced similar re-
“sults. Two, it was noted form all the values that the
1650 was raised in habd water; antimycin was less toxic

"'in hard water,
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SUMMARY AND CONCLUSIONS

l., Juglone was determined to be an effective fish toxicant

for Cyprinus carpio, Lepomis cyanellus, and Ictaluras
punctatus. Juglone showed norspecies specificity.

2. Juglone‘cén be readily édsorbed onto the surface of
sand, silt and organlc sediment particles. Agitaﬁion
increases the rate of adsorption. . . R

3+« The toxleity of juglone to Cyprinus carpio and‘Lepomis

czanellus was reduced in the presence of an organic sediment,

L, Photooxication of juglone occurs when exposed to ultra- !

violet light for more tham 35 hours, Visible 1ight-did

not effect juglone. Juglonerdoes'undergo spontaneous oxida-

tion and .concentration. was.reduced over a time period of 96 hours.

S. The efficacy of Juglone to carp was effected by exposure

to-ultra-violet light.

6. ‘angﬁnhnahinnsmgf_iuglgne_gxcseding;lﬂﬁfpphﬁsubstantially

reduced the standing crop of Chlorella vul%arisuand Chla-

.mﬁzdomasmsp.

7. Concentrations of antimycin used to erradicate fish

“will also kill Gammarus limnaeus, Antimycin is toxic to

“this nontarget organism is piscicical concentrations.

8. Antimycin was also toxie fékﬁééééfﬁﬁhiéf sp. and Rana

Qibens,_but not In fish-k1lling concentrations. Anti-

. myecin was not toxic to Orconectes immunis or Lampsilis

*“9¢WMAntimycin degrades 1in alkilirié waters}”%ﬁéféfore, the

- LC50 values for hard water were higher than those
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in standard water. _
10, Antimyein powder and Liquid Fintrol Concentrate
produced similar results to five ofganisms in standard

"and hard waters.,
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table 2. Toxlelty of jugloge to three specles of fish at different
water hardnesses and 13 C.

species

Water
hardness

LC50 and 95-percent confidence
- intervals-in ppb at

2 nours .

Carp o
+ . Cyprinus carpilo

Carp_

" Carp

mcafﬁmm“_“”"

Soft
Standard
Standard
Hard

Very Hafd

C136h 0L

e gy e

h.92 738 -

94.0. "76.0
76,2 - 115.9 57.6 - 100.0

85,0 85.0 .
77T = 92.9 TTe7 = 92.9

106.0

99'6 - 169a5 85-9 - 130-8

- 110.0 110.0

;“Chahnel“catfish
- Ietalurus

Standard

42,6 - 51,7

86,3 =140,0 86,3 e‘lho.l

. ﬂ?.O. ‘ 40,0
3609 - 1'1501

““Green sunfish
Lepomis cyanellus

e GFEeR SURPLISRT

~.Green sunfish

~ Green sunfish

Soft

Standara

Hard =

.fmmfﬁg7%UQﬁ}Q.Q
52.1 - 62.3

TG Y0
47,6 - 56,8

 57.5 - 66,8

- 5340

57T _ .
48,9 - 57.4

54,2 = 59,9

- 58.0
55.2 = 61.0

:J“;56.O
52.8 - 590)4
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Table 3. Toxicity of juglone to'fish with and without organié
sediment (50g/10 L) (standard reconstituted water, 13“ C.

" :_ﬂ”"LC45O'and 95«percent confidence iﬁﬁé?val§“ih“ppb”ét

_ With sediment w/o sediment 'w/ sediment w/o sediment

carp © 108.0 79.0 o 117.0 72,0

Green ~ 109.0 ©57.0 - 107.0 - 53,0
Sunfish 99 - 119 . sk 260 99 - 115 49 = 57
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Tablé 4, Toxiecity of antimycln A (Liquid Fintrol Concentrate)
to selected aquatic organisms, (13 C)

R N  LC507and 95-percent: confidence
Species - - Water .- intervals in ppb at
C hardness - . o

24 hours - 96 hours

”Caddisfly , . h5,0. . 13.0
o Hesperophylax Sp. Standard 27.9 - 72.5 8.0 - 21.0

‘”Caddisfly ‘Hard. " 550.0 14,6
Ll _ 297.8 - 1015.8 10.3 - 20.7
.mClams : 7f"-” Lo - _ Non-toxic at 5.0 parts per million

Non-toxic at 5.0 parts per million

Orconectes TMHHHIS"

’h,_Leopard"Wrog Standard 18,0 3.8
_Rana_ pipens o - 32 2= Tl M“. 2.6 -

8
5
‘"”fLeopard frcg .”Héfd .  59 0 11.7
S 15,4

S e— — ST __: __Tfué;§, ”m” _iw_“ 0.63

' Gammarus limnaeus L 2.1 - 40 0.44 - 0,90

6.7 = 12,6 0,99 - 1.96




‘able 5.
aquatic organisms,

Toxiclty of antimyein A (antimycin powder-95,5%) to selected

(13° C)

Specles.

Water

hardness

LC50-and-95~percent confidence

intervals in ppb at

2l hours 96 hours

Caddisfly B
Hesperophylax sp.

Caddisfly

- Clams
Lampsilis recta

Crayfish..
Orconectes immunls

'”Leopard frog

Standard:

Hard -

Standard -

_Non—toxic.at 5.0 parts per million

" ‘Non-toxic at 5.0 parts per million

' 5.0 - 7.0

17540 o 7.1
10702 - 28516 60“ - 7-8

5 - 8.5

~Leopard frog

Scud

Hard

Standard

646 = 10.9

8.8 - 11.1

0.43

“Gammarus  Limnaeus

Hard

029 = 0 .62
0.32

T b i
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o Figure 3. Three common forms of juglone
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