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TOXEEITY J?F.‘ 77 THERAPEUTIC COMPOUNDS
TO SIX FISHES

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

ABSTRACT.-~0Of 22 therapeutic chemicals (18 parasiticides and 4 oral
hacteriostats) tested by bioassays, 10 were toxic to fish and 6 were not,
Tests were in 24- and 48-hour static bicassays on rainbow, brown, brook,
and lake trout and biuegills atr 129 C, and channel catfish at 179 ¢, 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 ¢ 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. Alihough efficacious
- concentrations of many drugs have been de-
termined, a thorough examination of their
toxicity has not been reperted, 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.

FEighteen 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 METHCDS

Six species of fish were obtained from vari-
ous fish hactcheries (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 bicassays 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 129C, 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 selution of each com-
pound, using acetone or deionized water or
both as solvents, was usually prepared for ad-
dition to the test vessels immediactely before
each test, When solubiliry of the compound
prevented preparation of concentrated stocks,
rhe compound was added directly and allowed
to dissolve in the test vessel

Ohservations on survival and mortality
were recorded ar 24 and 48 hours, The data
were then analyzed by plotting concentration
against mortality on logarithmic normal




4 Investigations in Fish Control 18: Bureau of Sport Fisheries and Wildlife

TABLE 1.--Fishes used in toxicity trials

Average Average s
Species Lot lené?i weigﬁi Griziﬁg Source
{inches) | {grams)
Reinbow treut, Salmo gairdneri.........| 159 1.5 0.5 1-21-65 } National Fish Hatchery,
Do.uvn.. P I K 3+ 1.8 0.9 2-15-65 Manchester, Iowa
Brown troub, Salmo trubil......eosees e | 177 1.7 0.8 3-16-65 National Fish Hatchery,
Dotareinininanenn . vessaunaan 177 1.9 1.2 4= 1-63 Lake Mills, Wis.
Brook trout, Salyelinus fontinallis.... | 161 1.5 G4 1-21-63 State Fish Hatchery,
Doviveanienanans O I Y23 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,
Dovvinnenns ferkveraarernaasaeas veen ] 78 4.0 2.8 8-28-64 Jordan River, Mich.
DOwerrnennnas daterasavsarraseersena ] 78 4.1 3.2 10- 7-64
Charmel catfish, Ictalurus puncltatus... | W-70 2.1 1.2 7-21-65 National Fish Hatchery,
Dot svesrrarsvuvusrasovasasininnnan W74 2.2 1.5 8- 4-65 Marion, Ala.
Bluegill, Iepomis macrochirus.......... | 115 1.6 c.8 11- 5-64 National Fish Hatchery,
Doveranannn fereseearat b e e 131 L.4 0.7 1i-17-64 Lake Mills, Wis.
I R X 1.7 1.1 12- 1-64

TABLE 2.--Cormon names and active imgredients of compounds tested

n . Grade or e s iomt
CIMOT TEME formuiation Active ingredient
Aoriflavine (Deutral)ee.ecreernaennn BECHNICal. v vesrnaannnaranrinna 3,6-dianing-10-mathyl acridinium chloride end 3,6-diamincasridine
Amopyroquin dibydrochloride.......... technieal. ool 4-(7-(:[1101‘0“4‘q\.lil'lolyl&millﬂ)—gl“—l—P}'TI‘Olidyl-‘_‘_‘_)vCI‘eEGl dfhydrochlorida

technicali..,
800 mog/me

0,0-diethyl O-3-chloro-4-methyl-2-oxo-2H~ l-henzopyran-7-yl-phosphorothioate
erythromyein thiocyanate

krythromyein thiocysmate

Y s s ta s tine e nncronarsaannansnas 1-{2-nydraxyethyl)-2-methyI-5-nitroimidazole
Formalimisansusseviimnvennansooonnanas J7-pereznt formaldehyde gas in water
Malachite greefu..ecesvsnasiiiiaraans bis~{ p-dimethylaminaphenyl) phenylmethens treated with HOL
Mertliolate. i iiaiiirinninaniaiiinnes, sodiuil etbyimercurithiosslicylate
Methyiene Blug,..aveirasnsraaasnssraans 3,%-bis(dlmethylamino} phenazsthionium chloride
MO BOVOTle s s v v s v s s nastaaasscssnacennnns
G,0-dimethyl 2,2,2~irichloro-l-hydroxyethyl phesphonate
Nickel SULLBEE. oimnsvenereernaaanans analytical TCAEENL. cvrveavraes M50y « G0
T techniotlcrararararaarisncnnn pyridylmercuric acetate
Quinavrine hydrochlcride
S Technical. v iisscrirrrrarrnnss 3-chloro-7-methoxy-9- (i-metlyl-4-diethylaminobubylamine) acridine dihydrochloride
Quinine hydrochloride.,seesssvanneaas eohnieak . s vir s v i i b a e, quinine hydrochloride
T 3 Y 50-percent concentrate........ allyl dimethylbvenzylammonius chlorides
BUBLEIIE . v v raarsraaatrnnevonnnirsenns 227 ME O i 4-tert-butyi-2-chlovophenyl methyl methyiphosphoremidate
Sulfemerazine. /V"lr(drmethyl-Z—pyrimiﬁyll sulfanilamide
Sulfamethasine A4, Gedinethy l-2-pyTimiding]l) sulfamdlamide

A3, 4-dimethy}~5-isoxazolyl) sulfanilamide
0, 0-dlmethyl O-[4-( methylthic)-m-tolyl ] phosphorothicate

JETi b MR- 1Ty =D e
TIEUVOT. o as st mnrrrrsrararassaruinsas

i Q,0-dimethyl G-2,4,5-trichlorophenyl phosphorothioste

IV-1098 {Parke, Davis & CGONpamy)es... bechmicalisesisiotscinnnecnnas Tg-threo-2-(5-nitro-2-furyl)~5-{ p-rdtrophenyl) -2-okanal ing—4 -methanc}

{probability)} graph paper to define the con- total material {formulated or technical) in-
centration that produced 50-percent mortality stead of active ingredient.

(LCs ) as described by Litchfield and Wil-

coxon (1949), Variance and the 93-percent

confidence interval (C.1.) were also deter- RESULTS

mined. Of the 22 compounds, 16 were toxic to the

six species of fish, and the L.C 5 values were
determined (tables 3 o 8),

Most of the compounds tested were techni-
cal or U,5.P, materials, and the rest were
formulated materials, To eliminate confusion, The most toxic compound, malachite green,
all results are reported in terms of p.p.m. of is relatively uniform in toxicity to the six
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TABLE &.—-Toxl

ciby of 18 compowrls to leke trowl at 129 ¢.

TABLE 3. --Toxicity of 16 compounds o rainbow trowt ot 129 .

At 24 hours i At 40 hours M 24 hours At 48 hours
- Campeownd
Lisg SS-peroent ¥ I8 s0 LCsp 5-pereent
(pepam, ) o7, {x.p. (pepam) c.I.
ferlflavinc. . o.iaiiaaas LAY Aordflovine, 37.5 B V] 28.0 Qé. 432,70
ANGEFTCQUin. .. e [P L4.0 fmepyroquin . 1504 12.1-19.8 .0 l0.8-18,1
Colalevecrrivaarsarnan 2.60 0,35 oo 1l-0.59 Collakevansas .80 &.C0-11.56 4,00 1.25-12.80
FOTHALL D+ v v sansanss 207 168 154-143 220 2002 167 160174
.39 0.33-0.48 G.57 049068 0.50 0.33-0,49
ALz 18.4-2 3.0 96176 2.13 1.06-4,26
20.5-30.5 6.0 13.8-18.7 35.0 20 b4md Ja.G 29.3.09.4
av,3-36,1 122 10.6-34.0 41.0 3. Tb0, ] 2.G0 7.20-11L.25
302-33% 160 150-171 Kickel sultat 170 139-203 75,0
4,35-5.7% 3,75 3.02-4.05 3. 12.5 1L.8-13,2 7.6l
Giinacrine BO - - 172 15G-106 inaerine HOL 28.0 18.8-42.0 21.0
Roongde vvees 3424 2,82-0.60 2.57 2-16-3,00 2.70 2.41-3,02 1.935
AR T T R 35.0 31,5-38.8 3x.0 30.5-33,60 Huelene, . . 27.0 25.0-29.2 27.0 23.9-30.5
LAV s s rsnaaan 5.30 4.82-5.83 4,35 3.62-5,22 TLgavo. . 6.50 &.08-6.55 §.30 4.91-5.72
Troleni. . .. L1V 0.89-1,33 0.74 O, 540,86 frolens G.73 0.62 0.53-0,7%2
TY-10980 o uu. 2.2 22.8-25.7 16,1 14.9-17.4 TV-10%6 32.0 1é.3 13.2-20.6 H
:
~Toxielty of 16 conpoands to beown trout at 129 C. 6 compornds to chanmel ca at 17 G.
£% 24 hours At 48 hours At 24 hours A1 48 hours
T i
i }
Compound Isa Lisy Comnound L0sg 95-pe Losp H H
{p.p-m.) {p.pom.) (p.poin. ) . {p.p.m.}
A0.0 ElCRR LN 27-G 43,9 A9, 9474 33.2 11.0-35.5 i
£3.0 37.3-47.0 36.0 19.8 17,7222 12.5 11.8-13.2
0.92 0. 84-1.00 0.73 6.80 5,81-7.98 - -
323 30434 185 a7 129-145 20.,6-101. 8
plachite gr 0.45 0,42-0.49 0,34 0.30-.38 G.2l 0. 370,27 0.20 0.16-0.26
thiolate.... 110 75-160 5400 &7.8-01.0 .50 6,42-8,78 5,08 4.79-6.87
lena nlus . £6.2-62.2 32.8 26.8-37.4 Wethylens blue. 120 104 93-116
. 43.2-60.5 16,5 21,8-23.1 TGN | PN 80.0 3z2.0 24,8-41.3
b 34544 270 240-302 sulfate. .. 368 185
. R B.30-10.42 E.22 5.71-& .2z 2.89 1
361-420 220 154-288 198 70,0 50.3-82.0
2.460-3, 5% 2.05 L.74-3.42 1.2¢ .12 1.03-1.22
jtat 25,7278 25.7 24.2-27.2 3.5 34.8 32.5-37.2
Tiguven. 4,094,395 3.62 278471 5.90 5,99 1 4.50-7.73
Troleng. cauvas . 0,53 0.38-0.74 0.3% C.30-0.91 1.76 1.54-2.00 1.26 1.09-1.46
TV-1096 - - - -- 27.0 26,8-29.4 20,3 19.3-21.3
¢ of Lo o s o brook trout at 12¢ C, TABLE 8, ~-Toxleity of 16 compouwmds to biuegills az 129 G
AF 24 hours Kb 48 hours Kb 24 hours AL 48 houns
Comgpourkt % e e P e L Loamocind
) Prpercen (DLE’D? ) Properecn . LCsg 95-pereens | sy | 95-percent
) ) - (p.p.m.} C.1. (b7 0.1
Tlavine........ LE.0 4£3.2-53.73 14.8 14.0-15.7 riflevine.. . .0 e, 8-18.3 13.3 12.6-14.4 i
52.0 A4, 850, 3 40.0 38, 1-42.0 leopyroguin 33.0 23.6-42.2 18,5 16.7-20.5
CaRal eaa 1.G6 O.67-1.29 0. 8¢ 0.70-0.%1 10,35 8,1~13.8 8.00 B, 11-1G.48
Forwalin, e 187-206 157 143373 135 156-220 T4A0 127-104
H .30 0.22-0.40 .28 C.22-0,31 0.26 G.22-0.31 0.1k 0.09-0,14
b 82.5 85.2-24.0 Th.5 71.0-73.2 115 &7-129 [
Methylene Dlus......ieaenss 28,4 41,2-060.5 2.9 X7 2~30.3 51.0 40, 2-04. 8 33.0
B 34.0 23.4-49.5 16.8 T8.0 B4 5-% 0 71,0
Hickel sulfate.. o - 242 224-261, Hickel sulfate. . - -- 495 4000044
15.5 12.9-18.6 .7 9.8-11.7 Pobhidua, N 20.0 18.0-22.2 6.0 13.4-19.0
- - 230 17%-299 Quinaerine HCL. 120 T3-148 790 115, 3
4,013 30794 58 3.40 3.09-3.74 Rocecal...... 2,10 1.94-2,2% 1.C8 1.81
3e.8 34 A=004 a5.0 31.5-38.8 RUBLETIE e s v v s s rmrnennmnnnnnn 36.0 34 37.8 33.0 33.0-3%.1
6. 15 5.21~7. 36 5.50 S.14-5.88 Tiguvom. s savieraavsaranrens 15.°7 13.2-18.7 3.90 7oaT-10.32
.59 0. 44-0.78 N ) Q. 26-0.59 Trolens 2.50 2.25-2.78 1.00 a.67-1.50 A
29.3 26.4-32.5 19.0 18.8-21.5 TV-109G0 0 e es resraen 7.0 33.3~41.1 28.2 25,9-30.7 i
B
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species, and L.C5 values range from 0.11 to
0.40 p.p.m. at ¢8 hours. Clemens and Sneed
(1958a) reported its LC 5 to chamnel catfish
as 0.14 p.p.m. in 24 and 48 hours at 25°C,
Our results show the 1.C g values to be 0,21
and 0.20 p.p.m. in 24 and 48 hours respec-
tively at 179 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 phosphorothicate. In the same general
range of toxicity are Roccal and P.M, A., with
Roccal the more toxic of the two. Roceal, like
malachite green, exhibits relatively uniform
toxicity, and L.C g 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-
fcity with LC ) values of 2.9 to 16,0 p.p.m, at
48 hours. Clemens and Sneed (1938a) reported
its L.Cso to channel catfish as 3.8 p.p.m, in
24 hours at 249 C. In a later publication, these
authors (1958b) reported the LC, 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 cur LCg
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 LC__ of 10 to 100 p.p.m.
Only Ruelene exhibits a uniform LCg range
of 23,7 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 scluble 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, LCse 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.Cg values of TV-1096 for the other
specles 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 LC s 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
LGy values of formalin on channel catfish to
be 87 and 69 p.p.m, in 24 and 48 hours, re-
spectively, at 250 whereag we found them to
be 137 and 96 p.p.m. in 24 and 48 hours, re-
spectively, at 170 C, This variation in results
gseems to indicate that the toxicity of formalin
may be increased by an increase in tempera-
ture, The observation ig supported by our re-
sults which show that formalin is more toxic
to channel catfish at 170 ¢than it is to four
species of trout and to bluegills ar 12°,

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

The poor solubility of Flagyl, sulfamera-
zine, sulfamethazine, and sulfisoxazele pre-
vented the determination of LC,, 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 solurions with excess
chemical remaining on the bottom of the bio-
assay vessels. None of them was toxic to the
8ix species of fish,

DISCUSSION

Malachite green has been in use for many
vears as a fungicidal dip for fish (Foster and
Woodbury, 1936), Recently, Amlacher (1961)
recommended it for prolonged treatment of
Tish in ponds te cormbat Ichthyophthirius,
Chilodenella, and Costia. He applied 0,15

p.p.m. and allowed it to dissipate in the water,
Concentrations of 0.11 to0 0,40 p.p.m. in our
bipassays proved toxic within 48 hours to the
gix gpecies 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 concenirations required
for control of "Ich' are approximately the
game for all three.

Roccal has been in use as a bactericide for
many years (Fish, 1947), Putz (1964) reported
its pogsible value in prolonged, indefinite
treatments at 0.25 to 0,50 p,p.m. for Ichthyo-
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what at 48 hours, and lake trout become the
maost sensitive to the chemical. The LG 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 resigstance 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 -
1006 are under consideration as prolonged,
indefinite treatments for control of Ichihyo-
phthirius, Putz (1964) reported that 3 p.p.m.

phthirius. In treatments such as this, the
chemical attacks the free-living stages of
"Ieh'!, 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
50-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 rainhow trout than other trouts has been
reported over the years (Foster and Olson,
1951: Rodgers et al., 1951; Wolf, 1951;
Hammer, 1060), 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 secudy, and the results suppert
the earlier findings that it has greater roxicity
to rairibow trout. For example, it was up to
three times as toxic to rainbow trout as to
brook trout. Channel catflsh appear to be sen-
sitive to the compound at 179G,

Snieszko and Friddie (1948) used merthio-
late {sulfo} as a disinfectant for rainhow trout
egga, 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 Tish 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 LC,, 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 acrifiavine shows promise against the par-
agite. 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 LGy, values of 43.5 and
33.2 p.p.m. at 24 and 48 hours,

Clemens and Sneed (1958a) reported the
LC, values of acriflavine on channel catfish
at 24 and 48 hours to be 11,5 and 6.8 p.p.m.,
respectively, at 200 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 hoth egg-
laying and live-bearing aquarium fish. This
is a temporary situation and normal fertility
ig restored after several months.

Amopyroguin 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 approximaiely 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 Ichihyo-
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 279 C, We found that rainbow
trout are the most sensitive to the dye, and the
LC,, is 16 p.p.n. 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 4, 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 4 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 conirol 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 L.Cyg 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 179 to 250 C, Even with this in-
crease in toxicity, the compound retains a
safety margin of at least sixfold at recom-
mended use levels,

Van Puijn {1956) recommended use of quin-
acrine hydrochloride in treatment of stubborn
cages of "eh¥ 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
neo 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
guccumb to the chemical quickly and at com-
paratively low concentrations whereas the
rest survive for long pericds. Further evi-
dence of this lingering 18 shown by the slight
difference between the 24~hour L.C g of 28
p.p.m, and the 48-hour LCj of 21 p.p.im. In
contrast, there is a considerable difference
between the 24- and 48-hour LGy, 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 gui-
nine hydrochloride for treatment of Ichthyo-
phthirius in aquarium fish, The treatment
congists 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
perieds because of possible fertility problems.
Qur 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 ig gualified somewhat since
the compound is not immediately soluble at
100 p,p.m. It dissolves slowly, however, and
iz 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 uge 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.1m., and saturated solutions are not toxic
to the gix 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 ox
physical injuries. The toxicity of these com-
pounds to fish which are gick or in pootr cofn-
dition might be significantly different.

None of the compounds reported hereln 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 hicassays,

LC 5 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,
Roceal, Tiguvon, and Trolene are less toxic
than malachite green, but still rank relatively
high in toxicity. Their L.C,, values range
from approximately 0.3 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 ail species.
Merthiolate has wide variations in toxicity to
various species,

Formalin, nickel sulfate, and quinacrine
hydrochloride have relatively low toxicities.
The LC 5 values are usually above 100 p.p.m.
Quinacrine hydrechioride is substantially
more toxic to lake trout than to the other
species.

No tests of erythromycin thiocyanate and
quinine hydrochloride were made at concern-
trations above 100 p,p.m. They are not toxic
within 48 hours at this concentration. Satu-
rated solutions of Flagyl, sulfamerazine,
sulfamethazine, and sulfiscxazole are also not
taxic within 48 hours,
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