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TOXICITY OF 22 THERAPEUTIC COMPOUNDS
TO SIX FISHES

By Wayne A, Willford, Chemist
Fish Control Laboratory, La Crosse, Wis.

ABSTRACT.-~Of 22 therapeutic chemicals (18 parasiticides and 4 oral
bacteriostats) tested by bioassays, 16 were toxic to fish and 6 were not.
Tests were in 24- and 48-hour static bioassays on rainbow, brown, brook,
and lake trout and bluegills at 129 C, and channel catfish at 17° C. The
16 toxic chemicals, in descending order, were malachite green, Trolene,
CoRal, Tiguvon, Roccal, P,M, A,, Acriflavine, amopyroquin dihydrochloride,
merthiolate, methylene blue, Neguvon, Ruelene, TV-1096, nickel sulfate,
formalin, and quinacrine hydrochloride; the 6 that did not appear to be
toxic were erythromycin thiocyanate, quinine hydrochloride, Flagyl,

sulfamerazine, sulfamethazine, and sulfisoxazole,

An objective of the Fish Control Labora-
tories is to develop chemical tools to prevent
and control fish diseases. Although efficacious
concentrations of many drugs have been de-
termined, a thorough examination of their
toxicity has not been reported. Prior to clear-
ance of drugs, the Food and Drug Administra-
tion requires data on their toxicity. The pur-
pose of this study was to define the toxicity of
22 therapeutic chemicals to six species of
fish before further research is undertaken on
their efficacy and residues,

Eighteen parasiticides of known or possible
value as external treatments for fish were se-
lected for investigation upon recommendations
by other investigators. Four oralbacteriostats
were tested to determine whether any toxicity
to fish would result through leaching, or ex-
cretion, of the compounds into water,

MATERIALS AND METHODS

Six species of fish were obtained from vari-
ous fish hatcheries (table 1), All were quar-
antined for 10 days, and those judged ac-
ceptable for bioassays were acclimated to
conditions of the tests.

The static bioassays were made in facilities
described by Lennon and Walker (1964). We
used 5-gallon glass jars which contained 15
liters of reconstituted, deionized water at
total hardness of 42 p.p.m., and a maximum
of 1 gram of fish per liter of water. Each test
included 10 concentrations of a chemical, Ten
fish were exposed to each concentration, and
20 fish served as controls.

The 22 therapeutic compounds were tested
at 120C, against five species of fish at La
Crosse, Wis. (table 2), Tests against channel
catfish at 17 ®were made at the Southeastern
Fish Control Laboratory, Warm Springs, Ga.

A concentrated stock solution of each com-
pound, using acetone or deionized water or
both as solvents, was usually prepared for ad-
dition to the test vessels immediately before
each test. When solubility of the compound
prevented preparation of concentrated stocks,
the compound was added directly and allowed
to dissolve in the test vessel.

Observations on survival and mortality
were recorded at 24 and 48 hours. The data
were then analyzed by plotting concentration
against mortality on logarithmic normal
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TABLE 1.--Fishes used in toxicity trials

Average | Average 4
Species Lot leng?i'n weigigt Gr:i:zg Source
(inches) | (grams)
Rainbow trout, Salmo gairdneri....ee...| 159 1.5 0.5 1-21-65 National Fish Hatchery,
DOteteeescorennsoscresosasnascsness | 159 1.8 0.9 2-15-65 Manchester, Iowa
Brown trout, Salmo trutta.eceececescesss | 177 1.7 0.8 3-16-65 National Fish Hatchery,
DOuesevesesssseseassnsssssensnssses | 177 1.9 1.2 4- 1-65 Lake Mills, Wis.
Brook trout, Salvelinus fontinallis.... | 161 1.5 0.4 1-21-65 State Fish Hatchery,
DOtesesseoesnceessnencansnsessecsoes | 161 1.6 0.6 2-15-65 St. Croix Falls, Wis.
Lake trout, Salvelinus namaycush....... 78 4,0 2.5 8-14-64 National Fish Hatchery,
DOueeerescncenoncesccecsarsscnnance | 78 4.0 2.8 8-28-64 Jordan River, Mich.
DOtevssresncsocsvecevssoesesvescnce | 18 4.1 3.2 10- 7-64
Channel catfish, Ictalurus punctatus... | W-70 2.1 1.2 7-21-65 National Fish Hatchery,
DOteveeonoosvoassccnsssvacascnceess | W-74 2.2 1.5 8- 4-65 Marion, Ala.
Bluegill, lLepomis macrochirusS...eceee.. | 115 1.6 0.8 11- 5-64 National Fish Hatchery,
DOisaveresnsssoossnonnossessassvsses | 131 1.4 0.7 11-17-64 Lake Mills, Wis.
DOteeeeocsoccsncosonsossannsesnases | 131 1.7 1.1 12- 1-64

TABLE 2.--Common nemes and active ingredients of compounds tested

Grade or 1
Common name formulation Active ingredient
a
Acriflavine (neutral)eececeescsanseas technical.iseossocsaarssncsaasne 3,6-diamino-10~methyl acridinium chloride and 3,6-diaminoacridine
Amopyroquin dihydrochloride.sessosss o | technicalicesseueseaaanas cere 4-(7-chloro-4-quinolylamino) -g-1-pyrrolidyl-g-cresol dihydrochloride
CORalivcecscsscerscessaassssnnaanna + | technicalisessese . “ee « | 0,0-diethyl 0-3-chloro-4-methyl-2-oxo-2H-1-benzopyran-7-yl-phosphorothioate
Erythromycin thiocyanate.... wsoee | BOD MCE/MEessersnsaarosasonsas erythromycin thiocyanate
Flagyl.eeeesasscesenocss sesesessocssse 1-(2-hydroxyethyl)-2-methyl-5-nitroimidazole
FOrmalin.ececssececsveccsssceccannnne UeSePevoaenn seeesevasassnecnas 37-percent formeldehyde gas in water
Malachite greenc.... veeessoans secnons technical.eeeersrcssosscssanrs bis~{ p-dimethylaminophenyl) phenylmethane treated with HCL
Merthiclatiseesceesacsacssenssarcans technicaliee.eeevenssesanannas sodium ethylmercurithiosalicylate
Methylene blu€ssas.. vessssassssarsees [ techniceleesesees seasssesasene 3,7-bis(dimethylamino) phenazathionium chloride
NEZUVOM.cesnsssssasanssssnsansansnnne 80-percent soluble
POWAET . vavus tressastans eesss | 0,0-dimethyl 2,2,2-trichloro-1l-hydroxyethyl phosphonate
Nickel sulfatCesececessoaccssncnsens . | analytical reagent....eeesease NiSO, . 6Hs0
PMoAreeeeransrnsscsrascasss evessenes | TeChnlcal.eccrecsscnssrscnsans pyridylmercuric acetate
Quinacrine hydrochloride
(AtBbrine).seeeesseecnnsesanas sesss |technical.eeveassses wessesssss | 3-chloro-7-methoxy-9- (l-methyl-4-diethylaminobutylamino) acridine dihydrochloride
Quinine hydrochlorid€se.ececeessssass technicaliceasseesceccencannns quinine hydrochloride
Roccalesiseenteacnoransnasannsonnsnne 50-percent concentrate......,. alkyl dimethylbenzylammonium chlorides
RUGLENE..seevoteeccarracnessnanaances 227 ME/CCe s veeriiniasncarnansn 4-tert-butyl-2-chlorophenyl methyl methylphosphoramidate
SULLEMEraZine. s ovassacsaessarsasnanan UeSePuvassnssnnsacnsanssonnsan AL-(4-methyl-2-pyrimidyl) sulfanilamide
Sulfemethazine..oeevvencerseoseasons o [ UsSePoroosaacnns weenane cesenes N1.(4,6-dimethyl-2-pyrimidinyl) sulfanilamide

TV-1096 (Parke, Davis & Compariy).e...

WNYo(3,4-dimethyl-5-1s0xazolyl) sulfanilamide
0,0-dimethyl O-[4-(methylthio)-m-tolyl] phosphorothioate

0,0-dimethyl 0-2,4,5-trichlorophenyl phosphorothioate

Lg-threo-2-(5-nitro-2-furyl) -5-( p- nitrophenyl) -2-oxazoline~4-methanol

(probability) graph paper to define the con-
centration that produced 50-percent mortality -
(LCso ) as described by Litchfield and Wil-

coxon (1949), Variance and the 95-percent
confidence interval (C,1.) were also deter-

mined.

Most of the compounds tested were techni-

cal or U,S, P, materials, and the rest were

formulated materials. To eliminate confusion,
all results are reported in terms of p.p.m. of

total material (formulated or technical) in-
stead of active ingredient,

RESULTS

Of the 22 compounds, 16 were toxic to the
six species of fish, and the LC 5 values were
determined (tables 3 to 8).

The most toxic compound, malachite green,
is relatively uniform in toxicity to the six
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TABLE 3.--Toxicity of 16 compounds to rainbow trout at 12° C.

TABLE 6.--Toxicity of 16 compounds to lake trout at 12° C.

At 24 hours At 48 hours At 24 hours At 48 hours
Compound LCsg 95-percent LCso 95-percent Gampound LCso 95-percent LCso 95-percent
(p.p.m.) c.I. (p.p.m.) c.I. (p.p.m.) c.I. (p.p.m.) C.I.

Acriflavine.,ceecevvsnaenes 30,1 26.,2-34.6 19.9 17.0-23.3 Acriflavine. 375 34.7-40.5 28.0 24.4-32,2
Amopyroquin. . .| 47.0 43.5-50.8 35.3 33.3-37.4 ADNOPYTOQUIN. 4 e versnnnanenes |  15.5 12.1-19.8 4.0 10.8-18.1
CoRBL.curnrvneecnraoncnanes 2.60 2.28-2.96 Q.55 0.51-0.59 CORAl.evveecsaassocanasnnns 6.80 4.00-11.56 4.00 1.25-12.80

Formalin.........eeeuvevaaa | 207 182-236 168 154-183 FOrmalin...oevececeosnneans 220 200-242 167 160-174
Malachite green..i.evseen.. 0.50 0.36-0.69 0.39 0.33-0.46 Malachite greeNeeseeceseees 0.57 0.49-0.66 0.40 0.33-0.49
Merthiolate.. 60.5 53.5-68.4 21.2 18.6-24.2 Merthiolate..eueeensenanaas 13.0 9.6-17.6 2.13 1.06-4.26
Methylene bluece.eeereianas 25.0 20.5-30.5 16.0 13.8-18.7 Methylene blues..ovvesinons 35.0 29.4-41.6 34.0 29.3-39.4
NeguVona.eeeerevsinenenenns 32.5 29.3-36.1 2.2 10.6-14.0 Neguvon.seeevaues ceena 41.0 38.7-46.5 9.00 7.20-11.25
Nickel sulfate.......ee. 320 302-339 160 150-171 Nickel sulfate.cuecssioanns 170 139-209 75.0 55.6-101.2
D 5.00 4.35-5.75 3.75 3.02-4.65 PM A ciiicaiioneecnnnnaane 12.5 11.8-13.2 7.60 6.33-9.12
Quinacrine HCL..sserennnuen -- -- 172 159-186 Quinacrine HCL.osevenoonsas 28.0 18.8-42.0 21.0 12.4-35.7
Roccalesuerovoacseosncnnans 3.24 2.92-3.60 2.57 2.16-3.06 Rocealisavasnanas 2.70 2.41-3.02 1.95 1.68-2.26
Ruelene.svveecencessesanans 35.0 31.5-38.8 32.0 30.5-33.6 Ruelen€:csstssonroveassnnas 27.0 25.0-29.2 27.0 23.9-30.5
TigUVONiessecentrnnsosencas 5.30 4.82-5,83 4.35 3.62-5,22 TigUVON.eecasensanssanncans 6.50 6.08-6.96 5.30 4491-5.72
1.17 0.89-1.53 0.74 0.64-0.86 Trolene 0.73 0.62-0.86 0.62 0.53-0.72

24,2 22.8-25.7 16.1 14.9-17.4 TV-1096.4... 32.0 28.6-35.8 16.5 13,2-20.6

TABLE 4,--Toxicity of 16 compounds to brown trout at 120 C. TABLE 7.--Toxicity of 16 compounds to channel catfish at 17° C.
At 24 hours At 48 hours At 24 hours At 48 hours
Compound ICs0 95-percent ICsqo 95-percent Compound LCsq 95-~percent 1Cso 95-percent
(p.p-m.} c.I. (p.p.m.) c.I. (p-p.m.) c.1. (p.p.m.) L1,

Acriflavine..eeeiieeneanaes 40.0 36.4-44.0 27.0 25.0-29.2 Acriflavine...eevecoirsvocss 43.5 39.9-47.4 33.2 31.0-35.5
Amopyroquin....i.ie.... eeen 42.0 37.5-47.0 36.0 33.3-38.9 AMOPYTOQUIN: vsvevaarsvennne 19.8 17.7-22.2 12.5 11.8-13.2
CORBL.cuiennvonnannsoonsane 0.92 0.84-1,00 0.73 0.62-0.86 6.80 5.81-7.96 - -
Formalinieseoeecssnvoeranns 325 304-348 185 165-208 137 129-145 96.0 90.6-101.8
Malachite green..... cseennn 0.45 0.42-0.49 0.34 0.30-0.38 Malachite greence.c.sescnees 0.21 0.17-0.27 0.20 0.16-0.26
Merthiolate...cvvvevavanase 110 75-160 54.0 47.8-61.0 Merthiolateesssceeeoansnaen 7.50 6.41-8.78 5.65 4.79-6.67
Methylene blu€s..oeneenaass 54.0 46.2-63.2 32.8 28.8-37.4 Methylene blue......... 120 110-131 104 93-116
NEZUYON. esvenesronnnnasanns 54.0 48.2-60.5 16.5 11.8-23.1 NEBUVOIle s sesennvrnssananens 80.0 72.7-88.0 32.0 24.8-41.3
Nickel sulfate...eececccnns 400 345-464 270 241-302 Nickel sulfat€.eescessancas 368 334-405 165 129-211
P.MAceiiiiocosaninencsones 9.30 8.30-10.42 6.22 5.71-6.78 PiMAceasesicinnoarcoannns 3.22 2.66-3.90 2.89 2.60-3.21
Quinacrine HCLesoueevnosaes 390 361-421 230 184-288 Quinacrine HCLesseosasavens 198 169-232 70.0 59.3-82.6
RoccBliesiasesrennnenceanns 2.95 2.46-3.54 2.05 1.74-2.42 Roccaleiesescaciancsanannas 1.28 1l.le-1.41 1.12 1.03-1.22
Rielenfisseensecsasssassans 20.2 24.7-27.8 25.7 24.2-27.2 Rueleneeieseeassosnnssocnnnes 39.5 37.6-41.5 34.8 32,5-37.2
Tiguvon..... crvececacenn 4.50 4.09-4.95 3.62 2.78~4.71 Tiguvon. . cen B 5.90 4.50-7.73 5.90 4.50-7.73
Trolene.c.eueasnesnsarsonns 0.53 0.38-0.7 0.39 0.30-0.51 Troleneiecescrasesosansanse 1.76 1.54-2,01 1.26 1.09-1.46
TV-1096..cuecnuaneronnacess -- -- - - TV-1096ecseeaccsrnnsncancns 27.0 24.8-29.4 20.3 19.3-21.3

TABLE 5.--Toxicity of 16 compounds to brook

trout at 12° C.

At 24 hours At 48 hours
Compound LCso 95-percent 1Cs0 95-percent
(p.p.m.) C.I. {p.p.m.) c.1.

Acriflavine.....coveannases 48.0 43.2-53.3 14.8 14.0-15.7
AMOPYTOQUIMN s sssersoaanonas 52.0 44.8-60.3 40. 38.1-42.0
CORBL.vvruronennanenonanssn 1.06 0.87-1.29 0.80 0.70-0.91
Formalin. cesenens 196 87-206 157 143-173
Malachite green....ceovsses 0.30 0.22-0.40 0.26 0.22-0.31
Merthiolate.e.viesesensaans 89.5 85.2-94.,0 45 71.0-78.2
Methylene blueic.esencnanns 49.8 41.2-60.3 22.9 17.2-30.5
NEGUVON. s evernannrceroansas 34.0 23.4-49.3 16.8 14.1-20.0
Nickel sulfateé.,..vevevunns -- -- 242 224261
PaMiAiciieniiinnennnonsnss 15.5 12.9-18.6 10.7 9.8-11.7
Quinacrine HCL.uveeraovunas - - 230 177-299
Roceal...ueen 4,13 3.79-4..50 3.40 3.09-3.74
Pu}elene.... 36.8 34.4-39.4 35.0 31.5-38.8
Tiguvon.... 6.15 5,21-7.26 5.50 5.14-5,88
Trolene,..eeeaas 0.59 0.44-0.78 0.39 0.26~0.59
TV-10960cacscenssrnnnes 29.3 26.4~32.5 19.0 16.8-21.5

TABLE 8.--Toxicity of 16 compounds to bluegills at 120 C.

At 24 hours At 48 hours
d
Compoun 1GCso 95~percent LCsq 95-percent
(p.p.m.) c.I. (p.p.m.) c.I.

Acriflavine...uvesecenscens 18.0 16.8-19.3 13.5 12.6-14.4
AmOPYTOQUIN. ¢ veveresaanenss 33.0 23.6-42.2 18.5 16.7-20.5
CoRalivvesnsvsoosensersaasnn 10.5 8.1-13.6 8.00 6.11-10.48
Formalin....oeveseniacnonen 185 156-220 140 127-154
Malachite green.....eceus.. 0.26 0.22-0.31 0.11 0.09-0.14
Merthiolate.sssesaaeonnnnns 110 87-139 64,5 57.6-72.2
Methylene blue........ 51.0 40.2-64.8 33.0 26.2-41.6
NEgUVOM. s e vnnvaeennnnaanee 78.0 64.5-% .4 71.0 55.9-90.2
Nickel sulfat€.sescuacoaces -- -- 495 450-544
PaMAcssiorreannsensassnsas 20.0 18.0-22.2 16.0 13.4-19.0
Quinacrine HCL. . 120 73-198 79.0 54.1-115.3
Roccalesevvecassonncecancan 2.10 1.94-2.27 1.68 1.56-1.81
Ruelenesssnesncasnvavscanes 36.0 34.,3-37.8 35.0 33.0-37.1
TiQUVONieserrsnannsuooanans 5.7 13.2-18.7 8.90 7.67-10.32
TrOlen€eseesenserencescnncs 2.50 2.25-2.78 1.00 0.67-1.50
TV-109600carvesesncsnnsanes 37.0 33.3-41.1 28.2 25.9-30.7
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species, and 1.Cg values range from 0,11 to
0.40 p.p.m. at 48 hours. Clemens and Sneed
(1958a) reported its L.C 5 to channel catfish
as 0.14 p.p.m, in 24 and 48 hours at 25°C,
Our results show the LC g values to be 0.21
and 0,20 p,p.m, in 24 and 48 hours respec-
tively at 170 This variation between results
may be due to differences in test tempera-
tures,

Following malachite green in decreasing
order of toxicity are Trolene, CoRal, and
Tiguvon, all of which have the basic structure
of phosphorothioate, In the same general
range of toxicity are Roccal and P,M. A,, with
Roccal the more toxic of the two, Roccal, like
malachite green, exhibits relatively uniform
toxicity, and 1.Cs values range from 1.12 to
3.40 p.p.m. at 48 hours for all species.

P.M. A, exhibits a much wider range of tox-
icity with 1.C ,, values of 2.9 to 16.0 p,p.m, at
48 hours, Clemens and Sneed (1958a) reported
its L.Cso to channel catfish as 3.8 p.p.m. in
24 hours at 24° C, In a later publication, these
authors (1958b) reported the L.C, of P.M.A.
to channel catfish as 2.96 and 2,81 p.p.m. in
24 and 48 hours, respectively, at 16.5°, Both
reports compare favorably with our L.Cg
values of 3.22 and 2,89 p.p.m. for 24 and 48
hours at 179,

Acriflavine, amopyroquin dihydrochloride,
merthiolate, methylene blue, Neguvon, Rue-
lene, and TV-1096 fall into an intermediate
toxicity range with LCg, of 10 to 100 p,p.m.
Only Ruelene exhibits a uniform 1.Cz range
of 25.7 to 35,0 p.p.m, for six species in 48
hours, The other compounds of this group
demonstrate a relatively wide range of tox-
icity to the different species.

TV-1096 is soluble only to approximately
30 p.p.m. in water. Amounts above this level
produce a saturated solution with a precipi-
tate on the bottom of the test vessel. Brown
trout fail to succumb to concentrations below
30 p.p.m. and for this reason, L.Cse values
could not be derived for the species. Also,
amounts of TV-1096 in excess of a saturated
solution are nontoxic to brown trout. In con-
trast, L.Csy values of TV-1096 for the other
species range from 16.1 to 28,2 p.p.m. at 48
hours,

Nickel sulfate, formalin, and quinacrine hy-
drochloride are the least toxic of the com-
pounds analyzed. Formalin exhibits a fairly
uniform L.Cs range of 96 to 185 p.p.m. at 48
hours. The other two have a much wider
range.

Clemens and Sneed (1958a) reported the
LCj, values of formalin on channel catfish to
be 87 and 69 p.p.m. in 24 and 48 hours, re-
spectively, at 250 whereas we found them to
be 137 and 96 p.p.m. in 24 and 48 hours, re-
spectively, at 170C, This variation in results
seems to indicate that the toxicity of formalin
may be increased by an increase in tempera=-
ture, The observation is supported by our re-
sults which show that formalin is more toxic
to channel catfish at 179 than it is to four
species of trout and to bluegills at 12°,

Erythromycin thiocyanate and quinine hy-
drochloride were tested at an arbitrary level
of 100 p.p.m. Their solubility would have per-
mitted higher concentrations but preliminary
tests indicated little toxicity. At 100 p.p.m.,
the substances were not toxic to the fish,

The poor solubility of Flagyl, sulfamera-
zine, sulfamethazine, and sulfisoxazole pre-
vented the determination of LCg values.
Solutions were saturated before lethal levels
could be reached. The arbitrary concentration
of 100 p.p.m. was selected then for tests. This
resulted in saturated solutions with excess
chemical remaining on the bottom of the bio-
assay vessels. None of them was toxic to the
six species of fish,

DISCUSSION

Malachite green has been in use for many
years as a fungicidal dip for fish (Foster and
Woodbury, 1936), Recently, Amlacher (1961)
recommended it for prolonged treatment of
fish in ponds to combat Ichthyophthirius,
Chilodenella, and Costia, He applied 0.15
p.p.m, and allowed it to dissipate in the water.
Concentrations of 0.11 to 0.40 p.p.m. in our
bioassays proved toxic within 48 hours to the
six species of fish tested, Thus, there is a
risk with concentrations over 0,11 p.p.m. in
long-term treatments.
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Trolene, CoRal, and Tiguvon are under con-
sideration as prolonged treatments for control
of Ichthyophthirius. Tiguvon is the least toxic
of these organophosphates to fish. This indi-
cates that it may prove the most valuable of
the group if minimum concentrations required
for control of "Ich' are approximately the
same for all three,

Roccal has been in use as a bactericide for
many years (Fish, 1947), Putz (1964) reported
its possible value in prolonged, indefinite
treatments at 0,25 to 0.50 p.p.m. for Ichthyo-

what at 48 hours, and lake trout become the
most sensitive to the chemical. The LC s at
48 hours for lake trout is 2.1 p.p.m. in con-
trast with 74.5 p.p.m, for brown trout. Varia-
tions in resistance such as this may make
merthiolate extremely difficult to work with
in routine treatments of several species.

Acriflavine, amopyroquin dihydrochloride,
methylene blue, Neguvon, Ruelene, and TV -
1096 are under consideration as prolonged,
indefinite treatments for control of Ichthyo-
phthirius, Putz (1964) reported that 3 p.p.m,

phthirius. In treatments such as this, the
chemical attacks the free-living stages of
"Ich", He did not say which formulation of the
chemical he used, but 10-percent active is the
formulation commonly used in hatcheries
(Davis, 1956), We used 50-percent active, and
upon converting from 10-percent active to
30~percent active, the treatment levels could
be reduced to 0.05 and 0,10 p,p.m, This per-
mits a comparison between treatment levels
and toxicity which shows a 10-fold difference
in concentrations.

P.M. A. has been of considerable value in
combating bacterial and protozoan diseases
(Davis, 1956), Evidence of its greater toxicity
to rainbow trout than other trouts has been
reported over the years (Foster and Olson,
1951; Rodgers et al., 1951; Wolf, 1951;
Hammer, 1960), Allison (1957) reported va-
riations in the toxicity of P.M.A. from lot to
lot of chemical. We used only one lot of
P,M. A, in this study, and the results support
the earlier findings that it has greater toxicity
to rainbow trout, For example, it was up to
three times as toxic to rainbow trout as to
brook trout. Channel catfish appear to be sen-
sitive to the compound at 179 C,

Snieszko and Friddle (1948) used merthio-
late (sulfo) as a disinfectant for rainbow trout
eggs. Van Duijn (1956) cautioned against use
of merthiolate as a fish bath since the com-
pound is a mercurial and is certain to be toxic
to fish in contact with it for some period, We
find an extreme variation in its toxicity to
different species. This is especially true at
24 hours where L.Cg, values range from 7.5
p.p.m. for channel catfish to 110.0 p.p.m. for
brown trout, This variation diminishes some-

of acriflavine shows promise against the par-
asite. Our results indicate that bluegills are
the most sensitive to the compound with L.Cg
values of 18,0 and 13.5 p.p.m. at 24 and 48
hours respectively. Channel catfish are the
most resistant with L.C;, values of 43,5 and
33.2 p.p.m, at 24 and 48 hours,

Clemens and Sneed (1958a) reported the
LCy, values of acriflavine on channel catfish
at 24 and 48 hours to be 11.5 and 6.8 p.p.m.,
respectively, at 20° C, Our finding, is that it
is only about one~fourth as toxic as that. Pos-
sible causes for the discrepancy are many,
Among them are differences in water quality
and temperature, differences in the condition
of fish, and purity of the compound used, In
addition to this unexplained variation in the
toxicity of acriflavine, another factor war-
rants serious consideration in its use. Van
Duijn (1956) reported sterility in both egg-
laying and live-bearing aquarium fish, This
is a temporary situation and normal fertility
is restored after several months,

Amopyroquin dihydrochloride also shows
promise as a prolonged, indefinite treatment
at 0,05 to 0.10 p.p.m. for control of Ichthyo-
phthirius (Putz, 1964), Our results show that
its toxicity to all trout tested, with the excep-
tion of lake trout, is between 35 and 40 p.p.m.
for 48 hours. Also, bluegills at 120C, and
channel catfish at 170 are approximately as
sensitive as lake trout. A treatment level of
0.1 p.p.m. would include a safety margin in
use of more than a hundredfold even against
these three species,

Van Duijn (1956) recommended methylene
blue as a satisfactory control for Ichthyo-
phthirius in aquariums. He used 2 to 4 p.p.m.
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of it in a permanent bath at temperatures be-
tween 21 and 270C, We found that rainbow
trout are the most sensitive to the dye, and the
LC g is 16 p.p.m. at 48 hours, The most re-
sistant species is channel catfish with an

LC,, of 104 p.p.m. at 48 hours. The remain-
ing species are intermediate in sensitivity
with a 48-hour LC ,; range of 22.9 to 34.0
p.p.m. Comparison of the use levels with tox~
icity levels indicates a good safety margin,

Neguvon and Ruelene are of approximately
the same toxicity except in one very important
respect, Neguvon has a marked difference be-
tween the 24-hour and 48-hour LC 4. The
most striking example of this involves lake
trout with LC ¢, values of 41 p.p.m, at 24
hours and 9 p.p.m. at 48 hours. Differences
between the 24~ and 48~hour LC,, values by a
factor of at least two are common except with
bluegills, For some unknown reason the dif-
ference with bluegills is only 78 to 71 p.p.m,

Ruelene provides a contrast with Neguvon
because it exhibits approximately the same
toxicity at 24 and 48 hours. In the case of lake
trout, the 24~ and 48-hour LC , values are
identical at 27 p.p.m. It is possible that Rue-
lene degrades very rapidly in the test vessel
to a nontoxic level.

TV-1096 has toxicity comparable to that of
Neguvon and Ruelene. Like Neguvon, it does
not appear to degrade as rapidly as Ruelene,

Nickel sulfate is under consideration as a
prolonged, indefinite treatment for control of
Ichthyophthirius. Our results show that it is
relatively low in toxicity when compared with
the other compounds tested, but it has a fairly
wide range of toxicity among the species
tested. The LCs values at 48 hours range
from 75 p.p.m. for lake trout to 495 p.p.m, for
bluegills, Twenty-four-hour tests of 50 to 275
p.p.m. on brook trout and 200 to 500 p.p.m. on
bluegills did not cause death,

Allison (1957) reported use of formalin as a
parasiticide in long-term treatments in ponds.
He suggested 5 p.p.m, for Gyrodactylus and
15 p.p.m. for Trichodina and Ichthyophthirius.
Our results show that formalin is relatively
and uniformly low in toxicity when compared

with the other compounds tested. It does ap-
pear to increase in toxicity as temperatures
rise from 170 to 25© C, Even with this in-
crease in toxicity, the compound retains a
safety margin of at least sixfold at recom-
mended use levels.

Van Duijn (1956) recommended use of quin-
acrine hydrochloride in treatment of stubborn
cases of "Ich" in aquarium fish, The treat-
ment consists of three applications of 1 p.p.m.
at 48~hour intervals. This totals 3 p.p.m., if
no degradation of the compound occurs. He
also stated that this treatment should not be
extended over long periods and that 8 to 10
days should be sufficient.

Our results show that lake trout are ap-
proximately 10 times as sensitive to quin-
acrine hydrochloride as the other trout and 3
or 4 times as sensitive as bluegills and chan-
nel catfish, The sensitivity is complicated by
the fact that the toxicity to lake trout is quite
erratic and some deaths occur over a wide
range of concentrations, The 48-hour LC, of
quinacrine hydrochloride for lake trout is
approximately 10 p.p.m., the LC,, is 21
p.p.m., and the L.C ;,, is 110 p.p.m. Some fish
succumb to the chemical quickly and at com-
paratively low concentrations whereas the
rest survive for long periods. Further evi-
dence of this lingering is shown by the slight
difference between the 24-hour L.Cg of 28
p.p.m. and the 48-hour LCg of 21 p.p.m. In
contrast, there is a considerable difference
between the 24~ and 48-hour L.C, values ob-
tained for the other species. A possible ex-
planation is that there is considerable va-~
riation in resistance among lake trout
individuals.

Van Duijn (1956) recommended use of qui-
nine hydrochloride for treatment of Ichthyo-
phthirius in aquarium fish, The treatment
consists in adding 1 p.p.m. on 3 successive
days, a final treatment level of 3 p.p.m. He
cautioned against use of the treatment for long
periods because of possible fertility problems,
Our results show that 100 p.p.m. of the chem-
ical in water are not toxic within 48 hours to .
the species tested,

Erythromycin thiocyanate has been used as
a food additive for control of kidney disease in
rainbow trout at 4.5 grams per 100 pounds of
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fish per day for 21 days (Piper, 1961), Warren
(1963) reported that it is toxic to rainbow
trout at 500 mg. per kg, Our results show that
100 p.p.m. of the antibiotic in water is not
toxic to the species tested within 48 hours.

Flagyl has been used in medicine as an
antiprotozoal agent (Cutting, 1962), Putz
(1964) reported experimental use of it at 1.5
p.p.m, for control of Ichthyophthirius., Our
results show that Flagyl is nontoxic at 100
p.p.m. The finding is qualified somewhat since
the compound is not immediately soluble at
100 p.p.m. It dissolves slowly, however, and
is completely in solution within 48 hours.

Snieszko and Bullock (1957) reported use of
sulfamerazine, sulfamethazine, and sulfisox~
azole as food additives in the treatment of
furunculosis at 8 to 10 grams per 100 pounds
of fish per day for 10 to 20 days. Van Duijn
(1956) recommended use of the sodium salt of
sulfamerazine at 1 part per thousand as an
effective cure for worm cataract in aquarium
fish, In our water, sulfamerazine, sulfameth-
azine, and sulfisoxazole are not soluble at 100
p.p.m., and saturated solutions are not toxic
to the six species within 48 hours,

All of our results were obtained with fish
which were, to the best of our knowledge,
healthy, They showed no signs of disease or
physical injuries. The toxicity of these com-
pounds to fish which are sick or in poor con-
dition might be significantly different.

None of the compounds reported herein are
cleared by the Food and Drug Administration
and the Department of Agriculture for use on
fish destined for human consumption. The
data and discussion presented in this paper
should not be construed as recommendations
for use.

CONCLUSIONS AND SUMMARY

The toxicities of 22 therapeutic compounds
to rainbow trout, brown trout, brook trout,
lake trout, and bluegills at 12°C, and channel
catfish at 17 ®were determined in 24- and 48-
hour static bioassays,

LC g, values for malachite green, the most
toxic compound tested, range from 0.1 to 0.4
p.p.m. for all species tested. CoRal, P.M.A,,
Roccal, Tiguvon, and Trolene are less toxic
than malachite green, but still rank relatively
high in toxicity, Their LCg, values range
from approximately 0.5 to 10 p.p.m. for all
species. .

Acriflavine, amopyroquin dihydrochloride,
merthiolate, methylene blue, Neguvon, Rue-
lene, and TV-1096 are intermediate in tox-
icity. The LC 5 values range from approxi-
mately 10 to 100 p.p.m. for all species.
Merthiolate has wide variations in toxicity to
various species,

Formalin, nickel sulfate, and quinacrine
hydrochloride have relatively low toxicities.
The LC g, values are usually above 100 p.p.m,
Quinacrine hydrochloride is substantially
more toxic to lake trout than to the other
species,

No tests of erythromycin thiocyanate and
quinine hydrochloride were made at concen-
trations above 100 p.p.m, They are not toxic
within 48 hours at this concentration. Satu-
rated solutions of Flagyl, sulfamerazine,
sulfamethazine, and sulfisoxazole are also not
toxic within 48 hours.
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TOXICITY OF BAYER 73 TO FISH

Fish Control Laboratories

B/ Leif L. Marking and James W, Hogan, Chemists

La Crosse, Wis,, and Warm Springs, Ga.

ABSTRACT.--Bayer 73, a molluscicide sold commercially as Bayluscide,
is highly toxic to 18 species of freshwater fish. Various temperatures and
water qualities in static bioassays do not influence the toxicity greatly, but
pH variations in chemically buffered solutions do. The biodegradability, ef-
ficacy, and relative safety of Bayer 73 in aquatic situations indicate possible

usefulness as a general fish toxicant.

Nitrosalicylanilides display intense bio-
logical activity against a broad spectrum of or-
ganisms. Taborsky et al, (1959) and Taborsky
and Starkey (1962 and 1963) reported anti-
microbial activity of salicylanilides. They
found various levels of activity of nitro- and
halo-substituted salicylanilides against fungi
and bacteria, and concluded that certain po-
sitions on the salicylanilide molecule are
more active than others,

Taborsky and Starkey (1962) also reported
antitumoral activity of substituted salicyl-
anilides. Molnar and Baron (1964) and Vinson
et al, (1961) stated that salicylanilides possess
germicidal properties and are efficacious as
hospital sanitizers.

The molluscicidal activity of Bayer 73, 2!,
S-dichloro-4'-nitrosalicylanilide, was first
recognized by Gonnert and Schraufstatter
(1958), Since then it has been tested thoroughly
in the laboratory and field against snails which
are intermediate hosts for schistosomiasis
(Gonnert, 1961; Schraufstatter et al., 1961;
Schraufstétter, 1962; Strufe and Gonnert, 1962;
Foster, 1962; and Webbe, 1963). In addition,
Gillet and Braux (1962) determined in lab-
oratory tests with snails that Bayer 73 is
ovicidal and cercaricidal, which enhances its
effectiveness in breaking the cycle of schis-
tosomes, Meyling et al, (1962) found that it
killed 100 percent of the snail eggs at 1.0
p.p.m. in 4 to 5 hours,

Bayer 73 is relatively nontoxic to mammals.
Hecht and Gloxhuber (1962) reported that dogs
tolerated 0.1 g./kg. orally. Duhm (1963) indi~
cated that humans and animals are not harmed
by drinking water containing molluscicidal
concentrations of Bayer 73. Foster (1962)and
Holz and Hwa (1963) reported survival of
plants exposed to molluscicidal concentra-
tions. Shiff and Garnett (1961) reported re-
duced planktonic life immediately after appli-
cation of 1,0 p.p.m. of Bayer 73, but the effect
was short lived, and 32 days later populations
were back to normal.

Gonnert (1962) and Webbe (1963) reported
fish kills with Bayer 73 at a concentration of
0.3 p.p.m. Howell et al, (1964) found that
Bayer 73 is highly toxic to sea lamprey larvae
and rainbow trout, They further discovered
that Bayer 73 synergized 3-trifluoromethyl-4-
nitrophenol, and potentiated the compound as
a selective lamprey larvicide,

In research for fish control chemicals,
Walker et al. (1966) described the structure-
activity relation of substituted salicylanilides
to fish, Starkey and Howell (1966) showed that
a number of substituted salicylanilides are
more toxic to larval sea lampreys than rain-
bow trout. Marking et al, (in press) defined
the toxicity of 3'-chloro-3-nitrosalicylanilide
to larval sea lamprey and many species of
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fish in the laboratory under standard test
conditions and also in simulated stream en-
vironments. The compound is highly toxic to
all species but most toxic to larval lamprey
and several species of rough fish,

In view of the possible wide use of Bayer 73
in acquatic environments for controlling schis-
tosomiasis and the piscicidal activity previ-
ously reported, there is a need to define its
toxicity to fish and evaluate its potential in
controlling fish populations. Accordingly,
Bayer 73 was bioassayed at the Fish Control
Laboratories at La Crosse, Wis,, and Warm
Springs, Ga., to determine its effects on fish
in various laboratory environments.

MATERIALS AND METHODS

The sample (control No. C910) was obtained
from Chemagro Corporation, Kansas City,
Mo. as a technical formulation containing 99
percent 2-aminoethanol salt of 2', 5-dichloro-
4-nitrosalicylanilide. Its structure is illus-
trated in figure 1, The material is a bright
yellow, crystalline powder,

Test fish were obtained from National, ‘
State, and private fish hatcheries (table 1)
and were acclimated to test conditions ac-

Cl (o]
i i
)
-C-N- ~NO, - NH,=(CHy)y~OH
i
OH
Figure l,--Structure of 2-aminoethanol salt of
2', S5-dichloro-4'-nitrosalicylanilide,

cording to procedures described by Lennon
and Walker (1964),

Preliminary screening was in 15 liters of
bioassay medium at 120 C, at L.a Crosse and
at 17° C. at Warm Springs. The fish were
exposed to 0.1, 1.0, and 10.0 p.p.m. Bayer 73
to determine the general range of toxicity and
the rate of reaction at the higher concentra-
tions.

Delineative tests, including variations in
test media such as temperature, water quality,
and pH were conducted using 10 fish per con-
centration and at least 9 concentrations per
test, plus a control, Temperature variations
were maintained mechanically, and water
quality variations were obtained by adding se-
lected quantities of reconsitution salts to de-
ionized water (table 2).

TABLE 1.--Sizes and sources of test fish

Average Average
Species Lot length weight Source
(inches) (grams)

Rainbow trout, Salmo gairdnerii.cceseccsceocss 279 1.9 1.0 Nevin SFH, Wis.

Brook trout, Salvelinus fontin8liS..eceesesses 295 1.8 1.0 Osceola SFH, Wis.

Goldfish, Carassius auratuS....ee.. esas W1l6 1.7 1.3 Tallagsee PFH, Ala.
DOvssesossossnssssessoscecssrossossessnncncss W96A 1.6 1.3 Marion NFH, Ala.

Ca Cyprinus carpiOieceeesecosessscsoncsccsas w78 1.7 1.1 Marion NFH, Ala.
IID%....... w86 2.0 1.9 Marion NFH, Ala.
DOseosssoosssososoaseosrscrsscsncsscossscnne w89 2.3 2.2 Marion NFH, ala.
DOsessssessssscsssosssssvesessessassssanconce 367 1.5 0.8 Genoa NFH, Wis.

Fathead minnow, Pimephales promelas..eseecesse w113 1.8 1.0 Marion NFH, Ala.

White sucker, Catostomus commersoni.... 381 2.0 1.2 Lake Mills NFH, Wis.

Bigmouth buffalo, Ictiobus cyprinelluS.ecscsse W79 2.0 1.5 Marion NFH, Ala.

Black bullhead, Ictalurus melaSeeseseccescesss 393 1.9 1.3 Guttenberg NFH, Iowa

Brown bullhead, Ictalurus nebuloSUS...sseeesss w148 1.8 1.1 Marion NFH, Ala.

Channel catfish, Ictalurus punctatuS.cscececss W74 A 3.0 2.8 Marion NFH, Ala.
DOvsanssennsesesonccsssenconsenanasenncsnnse w87 2.8 3.0 Marion NFH, Ala.

Flathead catfish, Pylodictis olivaris.. W154 2.2 1.1 Marion NFH, Ala.

Green sunfish, Lepomis cyanelluS.eceecscecaces W75 1.6 l.4 Marion NFH, Ala.

Bluegill, Lepomis macrochiruS..ecescscscsesans W1ll9 1.6 1.1 Marion NFH, Ala,
DOseseesesassnasoscsscacssncooessansassacess 340 1.5 0.6 Lake Mills, NFH, Wis.

Redear sunfish, Lepomis microlophuS.esescesscss Wwol 1.6 0.9 Marion NFH, Ala.

Smallmouth bass, Micropterus dolomieui........ W146 1.6 0.7 Mammoth Springs NFH, Ark.

Largemouth bass, Micropterus salmoideS.ecesse. W140 1.6 0.8 Welaka NFH, Fla.

Yellow perch, Perca £1ayeSCenS..eeceecececessssss 382 1.7 0.6 Lake Mills NFH, Wis.

Tilapia, Tilapia mossambic8...ceecesececcosses Wl56 1.5 0.8 Marion NFH, Ala.
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TABLE 2.-~Quality and composition of reconstituted water used at the Fish Control Laboratories

Concentration in

Classification Salt added in mg. per liter pH p.p.m. CaC03 as total
of range
water
NaHCO3 CaS0, Mgs0, KC1 hardness alkalinity
1 7.5 7.5 0.50 6.4-6.8 10- 13 10- 13
48 30.0 30.0 1 2.00 7.2-7.6 40- 48 30- 35
Hardessssesssscosncses 192 120.0 120.0 8.00 7.6-8.0 160-180 110-120

1 Standard reconstituted water used in routine bioassays.

Different buffers to control the pH of test
media were prepared from reagent grade
chemicals, The normal and molar solutions
and corresponding dilutions are listed in table
3. The pH's of solutions were checked daily
and adjusted as necessary to yield approxi-
mately the desired pH level.

The delineative data were analyzed accord-
ing to the methods of Litchfield and Wilcoxon
(1949) to determine LC g, values, variation,
slope functions, and 95-percent confidence
intervals.

TABLE 3.--Volumes of buffer reagents (ml.) necessary to
yield desired pH levels in 15 liters of test solution

Volume to yield
pH of

Reagent and strength approximately--

5 7 10

Sodium hydroxide (NaCH).eeeaseovenn. 1.0 N| 10 10 20
Potassium acid phthalate

(KHCgH404) s esusasavsesosessananns 0.1 M| 510 -- --

Potassium phosphate (KHaPO,)eseees. 1.0 M| -- 30 -

Boric acid (H3B03)eesseresnaoaensns 1.OM| - | -- | 21

PRELIMINARY SCREENING

Initial tests with Bayer 73 indicated a high
level of biological activity in fish, In a con~
centration of 0.1 p.p.m., all rainbow trout
succumbed in 15 minutes, flathead catfish died
within an hour, and yellow perch died within
24 hours, but not all white suckers, black
bullheads and bluegills died within the 96-hour
bioassay. Exposure to a 1,0 p.p.m, concen-
tration for 15 minutes caused deaths of all
white suckers, flathead catfish, green sunfish,

and yellow perch. Carp, black bullheads, and
bluegills were more resistant, but died during
a 15-minute exposure to a concentration of
10.0 p.p.m.

The response of fish to the chemical is no-
ticeable immediately after exposure to the
higher concentrations. They appear irritated,
and become excited when exposed to sound or
external movements, Their early reactions
include rapid, irregular respiration, Swimming
is aimless, and some fish skitter on the sur-
face while losing equilibrium. Just before
death, respiration and swimming actions
gradually slow and become irregular, and
finally are spastic, Often the opercula are
extended on the dead fish.

DELINEATIVE SCREENING

General toxicity.--Bayer 73 is toxic to the
18 species of fish tested. The L.Csy values,
95-percent confidence intervals, and mean
slope functions for routine tests are given in
table 4 for the 24- to 96-hour exposure peri-
ods. Exposure beyond 24 hours produces little
additional mortality, In fact, the figures indi-
cate nodifference inthe 24- and 48-hour L.Csp
values because the confidence intervals over-
lap for all species at the two exposure periods.
The LC, values for brook trout, one lot of
carp, and brown bullheads remained the same
from 24~ to 96-hour exposures.

The 95-percent confidence intervals of 24-
to 96-hour L.Cg's overlap for all species ex-
cept brown bullhead, redear sunfish, small-
mouth bass, largemouth bass and tilapia.
Intervals are narrow in most cases, indicating
consistent toxic effects with little range between
concentrations resulting in survival and death,
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TABLE 4.--Toxicity of Bayer 73 to selected species of fish

1Cs¢ (p.p.m.) and 95-percent confidence interval

Species Temp. Mean slope
C. function
24 hours 48 hours 96 hours
RAINDOW TrOUTecerseensennnsanns 120 0.052 0.052 0.050 1.133
0.049-0.056 0.049-0.056 0.047-0.054
Brook trout.cecescessceceonenne 120 0.061 0.061 0.061 1.070
0.058-0.065 0.058-0.065 0.058-0.065
GOLAFiGH aersrnrencnsnncnsnnens 17° 0.279 0.279 0.230 1.147
0.243-0.321 0.243-0.321 0.201-0.263
CaTPesrnorsonnsssssnassssanssos 12° 0.143 0.139 0.139 1.053
0.133-0.154 0.134-0.145 0.134-0.145
DOteverennronranenssocasnnnns 17° 0.148 0.148 0.148 1.060
0.142-0.159 0.142-0.159 0.142-0.159
o 17° 0.245 0.235 0.225 1.106
0.227-0.265 0.214-0.258 0.208-0.243
Fathead MinnOW..eseeeasscecsass 17° 0.106 0.103 0.102 1.106
0.097-0.116 0.096-0.111 0.089-0.117
White SUCKET«eeseeerarencnsenns 12° 0.084 0.081 0.081 1.084
0.073-0.097 0.075-0.088 0.076-0.086
Bigmouth buffaloeeceececeeseens 17° 0.080 0.064 1.245
0.059-0.108 0.056-0.073 -
Black bullhead..eeseseeeuenaons 12° 0.104 0.096 0.088 1.156
0.084-0.123 0.087-0.106 0.078-0.098
Brown bullhead. ..eeeeeecnnseenn 17° 0.071 0.071 0.056 1.107
0.065-0.077 0.066-0.077 0.049-0.064
Channel catfisheeeesvoeseenvens 17° 0.084 0.084 0.082 1.063
0.079-0.089 0.079-0.089 0.077-0.088
Flathead catfisheceseeeescesens 179 0.043 0.043 0.043 1.060
0.040-0.046 0.040-0.046 0.040-0.046
Green SUNfiShe.eeercesecenneans 17° 0.158 0.115 0.100 1.097
0.145-0.172 0.101-0.130 0.094-0.107
Bluegill.ceescoscosssossansones 12° 0.105 0.098 0.09% 1.131
0.095-0.116 0.085-0.112 0.083-0.107
DOt eceseeansennsannsnsesnnnns 17° 0.082 0.082 0.068 1.158
0.072-0.092 0.070-0.096 0.057-0.080
Redear SUNTisSh.c.veeesecoecnons 17° 0.157 0.153 0.088 1.069
0.148-0,167 0.142-0.165 0.086-0.090
SMAllmouth DASS. eeeseeseononens 17° 0.089 0.089 0.060 1.223
0.085-0.099 0.085-0.099 0.048-0.07%
Largemouth basS.ceesasascscsnas 17° 0.111 0.097 0.062 1.157
0.099-0.12% 0.087-0.109 0.050-0.076
Ye11lOW PErCh.eeesseeseecansenes 120 0.082 0.081 0.081 1.077
0.076-0.088 0.069-0.087 0.069-0.087
Ti1aDi8eessoseccsesccnrcnnsanans 17° 0.180 0.150 0.109 1.157
0.159-0.203 0.133-0.170 0.090-0,132
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The slope functions were consistent in ex-
posures of 24, 48, and 96 hours, and they were
averaged to yield the figures given in table 4,
The values, ranging from 1.060 to 1,245, are
low, the regression is nearly vertical, and
there is little difference between concentra-
tion permitting complete survival and that
producing complete mortality, In contrast, the
slope function of p,p'-DDT for goldfish is 6.02
(Marking, 1966).

Comparative toxicity.--Bayer 73 is highly
toxic to all species, with 96-hour LCs, values
ranging from 0.043 to 0.230 p.p.m. Flathead
catfish, rainbow trout, brown bullheads, small-
mouth bass, brook trout, and largemouth bass
in that order are the most sensitive speciesto
Bayer 73 (fig. 2). Goldfish are the most re~
sistant, followed by carp. Intermediate in
sensitivity are white suckers, yellow perch,
channel catfish, black bullheads, redear sun-
fish, bluegills, green sunfish, tilapia, and fat-
head minnows. Bayer 73 does not appear spe-

Rainbow trout ]

Brook trout ]
Goldfish

Carp

Fathead minnow
White sucker
Black bullhead
Brown bullhead
Channel catfish
Flathead catfish

Green sunfish

Bluegill

Redear sunfish |

Smallmouth bass
Largemouth bass
Yellow perch

Tilapia

cific to any undesirable species of fish but
rather is generally toxic to game and rough
fish.

Short exposures.--Among the six species
selected to determine effects of short-term .
exposures to Bayer 73, rainbow trout were
most sensitive and carp most resistant
(table 5), Rainbow trout, brook trout, and
yellow perch respond rather quickly; LCs,
values are only slightly greater at 1 hour than
at 6 hours. The 95-percent confidence inter-
vals overlap for each species in the 2-, 3-,
and 6-hour exposures. Also, the values at 6
hours and 24 hours for rainbow trout and
brook trout do not differ significantly (tables
5 and 6).

Carp, white suckers, and black bullheads
respond somewhat more slowly at 1 hour, al-
though their resistance is greater initially and
the increments in L.Cs values from l- to 96-
hour exposures are small and fairly uniform.

Concentration

0.1

0.2 0.3
in p.p.m.

Figure 2,--95-percent confidence intervals for LCgy values of Bayer 73 to 17 species of fish, The data was
taken from table 4 at 96-hour exposures,
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TABLE 5.--Toxicity of Bayer 73 in short exposures at 12° C.

L1Csq (p-p.m.) and 95-percent confidence interval at-- Meen
Species slope
1 hour 2 hours 3 hours 6 hours functicn
Rainbow trout..... 0.063 0.056 0.052 0.052 1.064
0.060-0.066 0.053-0.059 0.049-0.056 0.049-0.056
Brook trouteceess. 0.077 0.069 0.064 0.064 1.089
0.069-0.086 0.063-0.076 0.060-0.068 0.060-0.068
CaArPececcnensonnss 0.300 0.250 0.200 0.188 1.080
0.267-0.338 0.232-0.264 0.188-0.214 0.173-0.204
White sucker...... 0.180 0.108 0.105 0.100 1.126
0.177-0.183 0.092-0.127 0.091-0.122 0.088-0.114
Black bullhead.... 0.275 0.210 0.156 0.156 1.156
0.230-0.329 0.181-0.243 0.138-0.177 0.138-0.177
Yellow perche..... 0.120 0.116 0.116 0.100 1.143
0.103-0,140 0.103-0.131 0.101-0.133 0.089-0.112
TABLE 6.-- Effects of temperature on toxicity of Bayer 73 to fish
. Temp. LCsq (p.p.m.) and 95-percent confidence interval at--
Species c
3 hours 6 hours 24 hours 48 hours 96 hours
Rainbow trout...... 7° 0.059 0.050 0.048 0.048 0.047
0.053-0.066 0.044-0.057 0.042-0.055 0.042-0.055 0.043-0.052
Douennen . veen ] 12° 0.052 0.052 0.052 0.052 0.050
0.049-0.050 0.049-0.056 0.049-0.056 0.049-0.056 0.047-0.054
DOvevevnenannnnas | 17° 0.054 0.053 0.052 0.052 0.050
0.048-0.059 0.048-0.058 0.048-0.057 0.048-0.057 0.048-0.054
Goldfisheceeseoacns 12© 0.340 0.270 0.228 C.228 0.228
0.315-0.367 0.250-0.290 0.207-0.251 0.207-0.251 0.207-0.251
DOvervenennennaes| 17° 0.350 0.283 0.279 0.279 0.230
0.311-0.3% 0.258-0.311 0.243-0.321 0.243-0.321 0,201-0.263
DOvececsncnsnsnns 22° 0.290 0.268 0.252 0.206 0.223
0.260-0.320 0.237-0.302 0.221-0.287 C.181-0.235 0.179-0.279
Channel catfish.... 12° 0.065 0.056 0.052 0.050 0.049
0.060-0.070 0.053-C.059 0.048-0.056 0.046-0.054 0.045-0.053
DOuerennnns e 17° - - 0.084 0.084 0.082
0.079-0.089 0.079-0.089 0.077-0.088
Doveneneennenanns 220 0.058 0.058 0.055 0.055 0.042
0.055-0.061 0.055-0.061 0.252-0.058 0.052-0.058 0.035-0.051
Bluegill.cvveennasn 129 0.141 0.115 0.106 0.092 0.092
0.128-0.155 0.103-0.129 0.09%-0.120 0.085-0.099 0.085-0.099
DOtevnronnnsnnnse 17° 0.120 0.09 0.082 0.082 0.068
0.107-0.135 0.082-0,,110 0.072-0.092 C.070-0.096 0.057-0.080
DOurrvennncennans 22° 0.100 0.092 0.082 0.066 0.054
0.093-0.108 0.080-0.106 0.065-0,103 0.058-0.076 0.046-0.063
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The values for all 6 species vary from 0.063
to 0.300 p.p.m. in 1 hour to 0,050 to 0.139 in
96 hours. The figures indicate that fish die
rather quickly at concentrations only slightly
greater than those required to kill at 96-hour
exposures,

The average slope functions for 1-, 2-, 3-,
and 6-hour exposures are low and similar to
those for longer exposures (table 5). The fig-
ures indicate a steep regression where small
increases in concentration produce consider-
able additional mortality,

Effects of temperature.--Bayer 73 was
tested with rainbow trout, goldfish, channel
catfish, and bluegills at 79, 129, and 17° C. in
3-, 6~, 24~, 48-, and 96-hour exposures (table
6). These changes in temperature had no sig-
nificant effect on the toxicity of Bayer 73 to
rainbow trout,

Goldfish, although more resistant than rain-
bow trout, reacted similarly at 120, 179, and
22° C. The difference is not significant at any
one temperature, but the data indicate greater
toxicity at 22° than at 12° or 17° C. The con-
fidence intervals overlap for the 6-, 24-, 48-,
and 96-hour exposures but not for the 3-hour
exposure.

The channel catfish tested at 17° were dif-
ferent from the lot tested at 120 and 220 C,
The results indicate greater resistance at
179, but the difference may be attributable to
the source and physical condition of the fish,
Another lot of channel catfish tested in 3- and
6~hour bioassays indicated little or no differ-
ence at 179, The responses at 120 and 220 ob-
tained from the same lot of catfish show no
significant differences.

Bluegills respond to increases in temper-
ature more than the other species (table 6),
Bayer 73 is more toxic at 220 than at 120 or
179, The confidence intervals do not overlap
at 129 and 22° at exposures of 3, 48, and 96
hours. The increase in toxicity at longer ex-

posures also is more noticeable with bluegills
than with the other three species,

Effects of water quality.--Bayer 73 was
tested in soft, medium, and hard water pre-
pared according to table 2, At all exposure
periods, the chemical is more toxic to rain-
bow trout in soft water and less toxic in hard
water (table 7). The greater decrease in tox-
icity is between medium and hard water and
suggests degradation of Bayer 73 at higher pH
values and higher alkalinities,

Carp respond much the same as rainbow
trout, although the confidence intervals over-
lap at the extreme water quality variations
(table 7). The carp tested in water of medium
hardness were from a different lot of fish. The
data indicate greater sensitivity in water of
medium hardness than in soft water, but the
difference is not significant,

The toxicity of Bayer 73 to channel catfish
decreases significantly in hard water but
changes very little from soft to medium hard
water, The toxic effects are uniform within
each hardness, and do not increase signifi-
cantly from the 3-hour to the 96-hour ex-
posure (table 7).

Bluegills also are more susceptible to
Bayer 73 in softer waters (table 7). The LCs
values in hard water are 2 or more times
those in medium water, Confidence intervals
for medium and hard water do not overlap at
any exposure,

Effects of pH.-~Variations in pH were ac-
complished by adding buffering agents to
standard test water according to table 3.
There were significant differences in the tox-
icity of Bayer 73 to goldfish at pH 5, 7, and 10
(table 8), The tests at pH 7 conform somewhat
to tests in standard bioassays although these
goldfish are from a different lot and appear
more sensitive to Bayer 73 than the goldfish
tested in standard water,



10

Investigations in Fish Control 19: Bureau of Sport Fisheries and Wildlife

TABLE 7.--Effects of water quality on toxicity of Bayer 73 to fish

) Water LCsq (p.p.m.) and 95-percent confidence interval at--
Species .
quality
3 hours 6 hours 24 hours 48 hours 96 hours
Rainbow trout.... sof't, 0.046 0.046 0.046 0.046 0.046
0.043-0.049 0.043-0.049 0.043-0.049 0.043-0.049 0.043-0.049
DOveveennnnnann medium 0.054 0.053 0.053 0.053 0.053
0.050-0.059 0.049-0.055 0.049-0.055 0.049-0.055 0.049-0.055
DOveveasvannnes hard 0.082 0.082 0.082 0.082 0.070
0.075-0.090 0.075-0.090 0.075-0.090 0.075-0.090 0.066-0.074
CaIDrernnrnnnnnns soft - - 0.197 0.188 0.191
0.168-0.230 0.181-0.196 0.170-0.214
DOvevesennanens medium - - 0.169 0.169 0.169
0.163-0.178 0.163-0.178 0.163-0.178
DOvvonecnnnanan hard - 0.342 0.229 0.229 0.224
0.309-0.374 0.210-0.250 0.207-0.242 0.207-0.242
Channel catfish.. sof't 0.082 0.070 0.070
0.075-0.090 - 0.066-0,074 0.066-0.074 -
DOvevanevonnnns medium 0.064 0.062 0.062 0.060
0.058-0.071 - 0.056-0.068 0.056-0.068 0.054-0.067
DOtevennnn [ hard 0.079 0.093 0.093 0.093
0.091-0.104 - 0.085-0.101 0.085-0.101 0.085-0.101
Bluegill........ . soft 0.092 0.083 0.083 0.073 0.064
0.084-0.101 0.074~0.093 0.074-0.093 0.060-0.088 0.055-0.074
DOvevens seesaes medium 0.120 0.096 0.082 0.082 0.068
0.106-0.135 0.082-0.110 0.072-0.092 0.070-0.0%96 0.057-0.080
DOvavvanesnanns hard 0.200 0.190 0.178 0.154 0.117
0.183-0.219 0.170-0.212 0.152-0.209 0.136-0.175 0.100-0.137

TABLE 8.--Effects of pH on the toxicity of Bayer 73 to
goldfish at 12° C.

LCsq (p.p.m.) and 95-percent confidence
interval at--
pH
3 hours 24 hours 48 hours 96 hours
Seve 4,600 3.520 3.500 3.500
3.880-5.460 | 3.120-3.980 | 3.100-4.000 | 3.100-4.000
Tue ) 0.180 0.180
0.163-0.198 | 0.163-0.198 -
10.. 6.420 6.150 3.190
- 5.780-7.130 | 5.690-6.640 | 2.850-3.580

Bayer 73 is toxic to fish in very brief ex-
posures and does not become proportionately
more toxic with increased exposure time. In
several cases the LC;, differed only little be-
tween 1 and 96 hours. This suggests rapid
degradation of the toxicant either by the water
or the fish, Duhm et al. (1963) found that rats

fed 50 mg. /kg. 5,2'-dichloro-4'-nitro-salicic-
anilide excrete most of the material as 5,2'-
dichloro-4-aminosalicylic-anilide in a con-
jugated form, The amino-structures excreted
are very unstable and decompose when the ex~-
crement is left to stand for several hours,
They concluded that the chemical is reduced
and detoxified by metabolism in rats. Quite
possibly, fish are able to detoxify Bayer 73 by
a reduction process similar to that in rats.
This may explain to some extent why the com-
paratively high initial activity of the compound
is followed by minimum time-concentration
effects.

Strufe and Gonnert (1962) reported that
water temperature influences the efficacy of
Bayer 73 in destroying snails, They found that
0.3 p.p.m, in 24-hour exposures is sufficient
to kill all the snails at 200, but 0.5 p.p.m. is
necessary to yield 100-percent mortality at
59 C. They also indicated that solutions of
Bayer 73 exposed to diffused daylight at 200
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to 50° C, for 9 hours show no significant loss
of active ingredient, Our data indicate greater
biological activity at higher temperatures, and
the results probably would be more significant
at extreme temperatures,

Gonnert (1962) reported that environmental
factors such as salt content and pH of the
water do not decisively influence activity of
Bayer 73 against snails during the required
exposure time, Strufe and Gonnert (1962)
stated that the biological action of Bayer 73
against snails is not influenced to any meas-
urable degree by salty waters containing up to
500 p.p.m. of calcium and magnesium, The
laboratory tests with fish indicate less activity
of the compound in harder water but, as other
scientists report on snails, the difference is
not considerable.

The pH variations in different water quali-
ties which ranged from 6.4 to 8.0, did not in-
fluence toxicity drastically; the buffered pH 5
and 10 solutions did. Data from the latter test
indicate less toxicity at low and high pH values
and little difference at pH 7. The probable

! cause of decreased toxicity at extreme pH's
may be a solubility or ionization factor in
which less active chemical is available to the
fish, Recently, Meyling and Pitchford (1966)
found that as the pH of Bayer 73 solutions in-
crease from 6.0 to 8.0 the solubility increases
from less than 1.0 to 5.0 p.p.m, They did not
define the solubility at pH 10, Strufe and Gon-
nert (1962) concluded from irradiation tests
that up to 15 percent of the molluscicide is
inactivated in neutral and weakly alkaline con-
ditions, and up to 30 percent in the acid range
of pH 5 to 6. Our tests at the extreme pH

x\values of 3 and 10 confirm their findings.

Fox et al, (1963) reported that at pH 9.7 to
9.9 about 4 times as much Bayer 73 is re-
quired to kill snails as at pH 7.0 to 9.2. They
suggest that snails require continuous stimu-
lation by chlorine in order to bring into play
their detoxifying mechanisms.

Meyling et al, (1962) reported that concen-
trations of Bayer 73 in hard water exposed to
sunlight were reduced from 1.0 to 0.57 p.p.m.
in 16 hours whereas in darkness the concen-
trations did not change after 312 hours. Ap-

1
parently sunlight, hard water, high pH, and
alkalinjty contribute to the reduction of Bayer
73. !

|
Bayz} 73 is highly toxic to certain fish
species resistant to other chemicals, Cat-
fishes, for example, are readily susceptible
to it but are resistant to such other toxicants
as anti{nycin A (Walker et al., 1964) and ro-
tenone (Henegar, 1966).

Gbnn‘ert (1961) summarizes the results of

laboratory and field trials with Bayer 73 in a
number of countries. Minimum lethal concen-
trations for snails and snail ova were found to
be between 0.2 and 0.5 p.p.m. Applications of
1.0 p.p.m. of Bayer 73 destroyed snails in
standing and flowing water. He also indicated
that the toxicity of Bayer 73 to fish is very
similai‘ to that for snails,

Our tests in the laboratory show that Bayer
73 produces 50-percent mortality in 18 species
of fish|at concentrations of 0.043 to 0.230
p.p.m. |in standard 96-hour bioassays. More
than 1.0 p.p.m. was required to kill fish only
when the bioassays were chemically buffered
to pH 3 and 10. Thus, in the laboratory, mol-
luscicidal concentrations of Bayer 73 are
toxic to all species of fish tested. Applications
of 1.0 p.p.m. are probably toxic to fish in
naturaq environments provided that extreme
pH valﬂﬂes of 5 or 10 do not prevail.

CONCLUSIONS

Bayér 73, a molluscicide, is highly toxic to
18 speT:ies of fish in static bioassays. Concen-
tratioqs lethal to snails in the laboratory are
also thic to fish.

|

Bayer 73 kills 50 percent of the rainbow
trout, brook trout, brown bullheads, flathead
catfish, smallmouth bass, and largemouth
bass at 0,062 p.p.m. or less in 96-hour ex-
posures. Fathead minnows, white suckers,
black bullheads, channel catfish, green sun-
fish, bluegills, redear sunfish, yellow perch,
and tilapia are intermediate in sensitivity, and
LCs values range from 0,81 to 0,109 p.p.m.
in 96 hours. Goldfish and carp are more re-
sistant species, with L.Cso values of 0.230 and
0.148 p.p.m,
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The toxicity of Bayer 73 to bluegills in-
creased with temperature, but the toxicity to
trout, goldfish, and catfish was not signifi-
cantly affected. Various water gualities also

. do not influence the toxicity greatly%
pH changes significantly reduce the toxicity

Bayer 73 to fish, This. effect .may be > due to
decreased ionization at extreme pH values’ oij
to a metabolic reduction 6f #h& compound

" through stimulation of the “detoxif letoxifying system
in fish, :

Because of its biodegradability and safety
in water, Bayer 73 deserves consideration as
a general fish toxicant.
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TOXICITY OF DIMETHYL SULFOXIDE (DMSO) TO FISH

By Wayne A, Willford, Chemist
Fish Control Laboratory, La Crosse, Wis.

ABSTRACT,--Toxicities of dimethyl sulfoxide (DMSO) to rainbow trout,
brook trout, lake trout, carp, black bullhead, channel catfish, green sunfish,
bluegill, and yellow perch were determined in 24-, 48-, and 96-hour static
bioassays at 120 C, Toxicity was of low order, around 30 p.p.t. Water qual-
ity had little effect, but increased temperature increased the toxicity to
rainbow trout. A preliminary test indicated that DMSO has little effect on

the toxicity of antimycin to bluegill.

Dimethyl sulfoxide (DMSO) is the simplest
of the homologous-series of organic sulfoxides;
it is prepared by oxidation of dimethyl sulfide.
Its formula is (CHy ), SO, and the pure form is
a hygroscopic, colorless, odorless liquid,
melting at 18,450 and boiling at 189° C., with
a specific gravity of 1,100 (Stecher, 1960),

DMSO was first synthesized in 1867 but re-
mained a laboratory curiosity until the 1940's
when it was successfully used as a solvent for
the spinning of polyacrylonitrile fibers (Block,
1964), The first physiochemical data on the
compound appeared in 1948, and since that
time DMSO has been used extensively in sev-
eral fields.

DMSO has been shown to possess remark-
able potential as a solvent for many types of
inorganic and organic compounds including
gases (Willson et al., 1965). It has also been
used as a preservative during freeze storage
of red blood cells (Lovelock and Bishop,
1959), platelets (Geisler et al., 1964), sper-
matozoa (Sherman, 1964), mitochondria
(Greiff, 1961), protozoa (Hwang, 1964), bone
marrow (Ashwood-Smith, 1961a; Persidsky
and Richards, 1963), cardiac muscle (Levy
et al,, 1962), and tissue culture cells
(Dougherty, 1962; Porterfield and Ashwood-
Smith, 1962). DMSO also exhibited radio-

protective action against lethal doses of X-
irradiation in mice (Ashwood-Smith, 1961b).

In the medical field, the compound is under
investigation as a penetrant carrier, local
analgesic, anti-inflammatory adjunct, bacte-
riostatic agent, diuretic, tranquilizer, and
potentiator (Jacob et al., 1964a), It is even
reported to be good for headaches (Jacob,
1965). The most promising of these areas ap-
pears to be the ability of DMSO to penetrate
biological membranes and act as a carrier for
other drugs (Horita and Weber, 1964; Jacob
et al., 1964b; Stoughton and Fritsch, 1964;
Stoughton, 1965).

In the agricultural field, DMSO has been
shown to be of value as a solvent carrier for
certain compounds used in the control of
plant diseases (Bean, 1965; Keil et al., 1965).
It also has some herbicidal activity when
used by itself for the control of purple nut-
sedge (Anderson and Dunford, 1966).

Additional information and references on
DMSO can be obtained from articles written
by Rosenkrantz et al. (1963), and Kligman
(1965a and 1965b),

These interesting properties of DMSO plus
the fact that it is miscible in all proportions
with water suggested that it might be useful
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in fisheries as a nontoxic solvent in toxicity
studies and for the administration of non-
water-soluble drugs to fish. In addition, if
DMSO enhances the absorption by fish of
compounds dissolved in it, a major break-~
through in the fields of fish control and fish
disease control would result. It is for these
purposes that the following toxicity studies
were undertaken,

MATERIALS AND METHODS

Samples of DMSO were obtained from
Ayerst Laboratories, New York, N.Y. The
formulation was 90 percent DMSO and 10 per-
cent water,

The fish were obtained from several fish
hatcheries (table 1), and were introduced to
the static bioassays after routine acclimation
as described by Lennon and Walker (1964),

Preliminary bicassays were conducted in
1-gallon glass jars each containing 3 liters
of bicassay media and two fish, After the ap-
proximate level of toxicity had been estab-
lished, delineative bioassays were conducted
in 5-gallon glass jars each containing 15

liters of reconstituted deionized water and
10 fish. The proper volume of bioassay
media was maintained by removal of a quan-
tity of water equal to the aliquot of DMSO
which was to be added. Each test included

5 to 9 concentrations of chemical and 50 to
90 test fish plus 10 fish for controls.

Various water qualities were obtained by
adding selected concentrations of reconsti-
tuting salts to deionized water (table 2), Tests
were maintained at 79, 129, or 17° C. by
water baths,

Survival and mortality were recorded at
24, 48, and 96 hours, The data were analyzed
by plotting concentration versus mortality on
logarithmic normal (probability) graph paper
to define the concentration which produced
50-percent mortality (L.Cs ), slope function,
variation, and 95-percent confidence intervals
(C.1.) as described by Litchfield and Wilcoxon
(1949).

All results are reported in parts per thou-
sand (p.p.t.), by volume, of total material
added to the test vessel instead of active in-
gredient,

TABLE 1.--Species, sizes, and sources of bioassay fish

Average Average
Species length weight Sourcet
(inches) (grams)
Rainbow trout, Salmo gairdneri..ciciesceccssacnssss 1.8 0.9 NFH, Manchester, Iowa.
DOuarensoneassasessassesssossassasossassasasaansas 1.8 1.0 Rainbow Ranches, Spokane, Wash.
Brook trout, Salvelinus fontinaleS..eescescsscaeasas 1.5 0.5 SFH, Osceola, Wis.
Lake trout, Salvelinus namaycusSh...eeececocesoss PO 1.9 0.7 SFH, St. Croix Falls, Wis.
Carp, Cypripus carpio...... teneesescearnanssacnanen 1.6 1.0 NFH, Lake Mills, Wis.
Black bullhead, Ictalurus melaS...... P PN 2.0 1.7 NFH, New London, Minn.
Channel catfish, Ictalurus punctatuUS..c.cesecscanss 2.0 1.1 NFH, Fairport, Iowa.
Green sunfish, Lepomis cyanelluS....eevesescacasses 1.5 0.8 NFH, Lake Mills, Wis.
Bluegill, Lepomis MAcroChiruS..eeseeeveseessconsnne 1.3 0.5 Do.
Yellow perch, Perca [1lavasCeDS.s.sessccssascssanans 2.6 1.7 Do.

1 NFH = National Fish Hatchery; SFH = State Fish Hatchery.

TABLE 2.--Composition and analysis of reconstituted, deionized

water used in bioassays

Classification Amount of salts added (mg./1.) pH Range of Range of
of range total hardness | total alkalinity
water NaHCOs Caso, NS0, KCL as p.p.m. CaCOj as p.p.m. CaCOs
SOfteeeseeiearans 12.0 7.5 7.5 0.5 6.4 - 6.8 10-13 10-13
Mediuml.......... 48.0 30.0 30.0 2.0 7.2 - 7.6 40-48 30-35
Hard..oeevaonsans 192.0 120.0 120.0 8.0 7.6 - 8.0 160-180 110-120

1 Standard reconstituted water used in routine bioassays.
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RESULTS AND DISCUSSION

PRELIMINARY TESTING

Preliminary tests to determine the ap-
proximate level of DMSO toxicity were car-
ried out with yellow perch as the test species.
In order to preserve the supply of test ma-
terial it was necessary to prepare a 3-liter
solution containing 500 p.p.t. of DMSO. Sub-
sequent concentrations were obtained by dilu-
tion of this solution.

Results in terms of the approximate time
to death at each concentration were as fol-
lows:

500 p.p.t. - 10 minutes

250 p.p.t. - 30 minutes

125 p.p.t. - 1.5 hours

62 p.p.t. - 24 hours

31 p.p.t. - no mortality within 96 hours

From these data, the 24-, 48-, and 96-hour
LCs0 values appear to lie between 30 and 60
p.p.t., and concentrations were selected ac-
cordingly for the routine toxicity bioassays.

GENERAL TOXICITY

DMSO exhibited a consistent and nonselec-
tive toxicity of very low order to the nine
species tested (table 3).

Probit analysis yielded slope functions on
logarithmic paper which ranged from 1,06 to
1.20 with a mean of 1.11 on all tests. This

indicates that as the level of acute toxicity
is approached a minimal change in concen-
tration is required to produce either 0- or
100-percent mortality.

The comparative resistance of the nine
species was extremely close. The 96-hour
LCs's ranged from only 32,3 to 43,0 p.p.t.
for the various species.

The order of susceptibility of the nine
species varied with the observation period,
At 24 and 48 hours, for example, channel cat-
fish were the most susceptible, with bluegill
the most resistant at 24 hours and yellow
perch the most resistant at 48 hours. By
96 hours, rainbow trout became the most
susceptible and green sunfish the most re-
sistant. This fluctuation in the comparative
order of sensitivity further exemplifies the
extremely nonselective toxicity to all fish
tested.

Recent studies at the Western Fish Nutri-
tion Laboratory with yearling coho salmon
(Oncorhynchus kisutch) determined the me-
dian tolerance limit (TLm) to be 72, S5, and
46 p.p.t. at 24, 48, and 96 hours respectively.
Ball (1966) reported that the 48-hour L.Cg of
DMSO to goldfish (Carassius auratus) is 43
p.p.t. at 150 C. These results are in close
agreement with the results at this laboratory
and serve to further substantiate the consist~
ent and nonselective toxicity of DMSO.

1 personal communication from Pete Benville, Jr.,
Chemist, Western Fish Nutrition Laboratory, Bureau
of Sport Fisheries and Wildlife, Cook, Wash., 1966.

TABLE 3.--Toxicity of 90-percent DMSO to nine species of fish at 12° ¢.

At 24 hours At 48 hours At 96 hours
Species LCsp 95-percent LCso 95-percent LCsg 95-percent
(p.p.t.) C.1. (p.p.t.) c.1I. (p.p-t.) c.I.

Rainbow trout.....oveeesnn. 53.0 48.6 - 57.8 41.7 39.3 - 44.2 32.3 30.2 - 34.6
Brook trouteecececeseesness 54.5 50.9 - 58.3 46.0 42.2 - 50.1 36.5 33.2 - 40.2
Lake trout.veseecessnnenass 47.8 42.3 - 54.0 38.2 35.4 - 41.3 37.3 35.2 - 39.5
071 o« 44..0 39.3 - 49.3 44,.0 39.3 - 49.3 41.7 36.3 - 48.0
Black bullhead..eevevecsens 42.5 37.9 - 47.6 39.2 35.3 - 43.5 36.5 33.8 - 39.4
Channel catfishe.eseeeseens 39.0 36.1 - 42.1 34.5 31.7 - 37.6 32.5 29.8 - 35.4
Green sunfishese.eeveenssns 65.0 61.3 - 68.9 52.5 47.7 - 57.8 43.0 35.8 - 51.6
Bluegillevesesansnsavononas 72.0 63.2 - 82.1 56.0 51.9 - 60.5 33.5 29.9 - 37.5
Yellow percheveeeecesasees. 65.0 61.3 - 68.9 57.0 52.3 - 62.1 37.0 33.9 - 40.3
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Rabinowitz and Myerson (1966) stated that
a concentration of 19 p.p.t. of DMSO produced
an approximate 48-hour I.LDse with neon
tetras (Paracheirodon innesi), platys (Xi-
phosphorus maculatus), mollies (Pescilia
latipinna), and guppies (Poecilia reticulata).
The LDy,'s for zebras (Brachydanio rerio)
and catfish (Corydoras paleatus) were some-~
where in excess of 25 p.p.t. These results
were obtained in distilled water at 24° to
259 C. and the increased toxicity indicated
may be the result of osmotic stress induced
by the test media.

EFFECT OF WATER QUALITY AND
TEMPERATURE ON TOXICITY

Changes in water quality at 12° C, had
little or no effect upon the toxicity of DMSO
(table 4), The L.C g confidence interval in
any particular water quality overlaps the
LC 5's in other water qualities within the
same observation period in all cases except
one, This exception was in hard water at
96 hours. In general, it appears that DMSO
is slightly less toxic in hard water than it is
in waters of soft or medium hardness,

Changes in temperature at medium hardness
exhibited a substantial influence on toxicity
(table 4), An increase in toxicity in excess of
10 p.p.t. as the temperature increases from
70 to 170 C. was observed at all observation
periods.

This increase in toxicity at warmer tem-
perature is in agreement with observations
made at the Western Fish Nutrition Labora-
tory.

EFFECT OF DMSO ON TOXICITY
OF ANTIMYCIN

A preliminary test was performed to de-
termine what, if any, influence DMSO has
on the toxicity of antimycin to bluegill. Var-
ious concentrations of antimycin were added
in combination with enough DMSO to produce
1.0 p.p.t. of DMSO in the test vessel. A com-
parison test was run using only acetone as
solvent for the antimycin,

The 96-hour LC 4z of antimycin and acetone
alone was 0,089 parts per billion (p.p.b.),
while antimycin in combination with 1,0 p.p.t.
of DMSO produced a 96-hour L.C,, of 0,084
p.p.b. These results reflect biological varia-
tion and indicate that DMSO has no effect on
the toxicity of antimycin at 96 hours. It is
possible that in a bioassay designed to yield
toxicity with shorter exposures, DMSO could
enhance the absorption of antimycin suffi-
ciently to affect toxicity.

Ball (1966) compared the relative toxicity of
0.05 p.p.m. p,p'-DDT to goldfish when used in
combination with 6 and 18 p.p.t. of either
DMSO or acetone. His results indicated that
DMSO does not significantly affect the median
survival time of goldfish when compared to
acetone, He further suggested that DMSO may
be a better solvent than acetone for pesticide
toxicity studies.

Rabinowitz and Myerson (1966) were unable
to show a significant difference in the uptake
by aquarium fish of radioactive labeled dyes
when used in combination with 1.0 p.p.t. of
DMSO.

TABLE 4.--Effect of water quality and temperature on toxicity of DMSO (90-percent) to rainbow trout

At 24 hours At 48 hours At 96 hours
Water

Tempeé‘ature quality LCso 95-percent LCso 95-percent LCso 95-percent

: (p.p-t.) c.1. (p.p.t.) C.I (pep-t.) C. I
A medium 65.5 57.0-75.3 46.0 41.8-50.6 41.5 37.7-45.6
120 eienianenenn medium 53.0 48.6-57.8 41.7 39.3-44.2 32.3 30.2-34.6
170 i iiieinenannn medium 41.5 37.7-45.6 35.0 31.8-38.5 27.7 25.0-30.7
129 terinnannanen soft 53.5 49.1-58.3 42.3 38.4-46.5 33.5 30.7-36.5
120 i iieiinenana hard 57.0 51.8-62.7 44.8 41.5-48.4 38.0 35.8-40.3
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All of these results indicate that DMSO,
when used as a diluted constituent, does not
affect the absorption of some chemicals by
fish, It has been shown to be an excellent
solvent, and is worthy of further investiga-
tion as such for certain chemicals used in
fisheries. In addition, the potential of DMSO
as a penetrant carrier of certain drugs used
in human medicine suggests investigation of
similar potential in the treatment of fish
disease.

CONCLUSIONS

1. The acute toxicity of DMSO to fish is of a
very low order.

2. When the level of acute toxicity is reached,
DMSO is abruptly and nonselectively toxic
to the nine species tested.

3. Various water qualities at 12° C, have
little effect upon the toxicity of DMSO to
rainbow trout,

4. Increases in temperature cause a definite
increase in the toxicity of DMSO to rainbow
trout,

5. Preliminary results indicate that 1.0 p.p.t.
of DMSO has no effect on the toxicity of
antimycin to bluegill at 96 hours.
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