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127] THE GOLDFISH AS A TEST ANIMAL—POWERS 7

INTRODUCTION

The need of uniformity of remedial agents has long been recognized among
therapeutists and pharmacologists. When the physiological activity of an
agent is associated with or dependent upon its chemical constitution which
can be determined by analysis the problem becomes a simple one. On the
other hand when either the chemical constitution can not be determined or
the activity of the substance is dependent upon some other factor independent
of its constitution the problem becomes more complex. This difficulty has
been overcome with more or less success by certain physiological assay methods,
the history of which it is not deemed necessary to present as Baker (1913)
has given an excellent review of the literature up to that date. Of the methods
employed at present the most favored is Fagge and Stevenson’s (1866) frog
method as proposed by Houghton (1898) or some modification of it. Others
have been suggested:—the blood pressure method, the guinea-pig method
introduced by Laborde (1884) and further worked out by Reed and Vander-
kleed (1908), the cat method of Hatcher and Brody (1910), the cockscomb
method of Haskell (1914), the goldfish method of Pittenger and Vanderkleed
(1915), and other methods.

The purpose of this investigation was to test the validity of the Pittenger
and Vanderkleed goldfish method or to work out a usable modification of it.
The problem then involved the development of a method and technic by which
drugs or remedial agents, not readily assayed chemically, could be assayed
or standardized physiologically by means of goldfish. In order to use the
goldfish as test animals they must meet the following requirements: 1. They
must be relatively constant in their reactions or resistance to the drug or
agent to be standardized or at least there must be a constant seasonal rhythm.
2. They should be capable of being standardized with some standard of a
conveniently assayable substance if seasonal rhythm is present. 3. They
must be relatively sensitive to small variations in the concentration of the

substance to be tested. %

S
MATERIALS AND METHODS OF STUDY g

A series of experiments was run with the goldfish to determine how far
they would comply with the three requirements just mentioned. In order
to do this the goldfish were tested with a number of substances varying in
toxic activities. A number of solutions of each substance tested were pre-
pared of which the concentration of each differed only 109 or less from that
of the one next to it in the series. Two goldfish of known weights were then
placed in two liters of each of the solutions contained in a three liter wide-
mouth bottle. The survival time of each fish in each solution was noted
and recorded. The bottles were kept stoppered when volatile substances
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8 ILLINOIS BIOLOGICAL MONOGRAPHS [128

were being tested. The stock of fish was kept at as nearly constant tempera-
ture as possible by the addition of hot water to the aerated tap-water. The
experiments were run at the same temperature as that of the stock by placing
the experimental bottles in the stock tank. This eliminated any ill effect due
to the sudden change of temperature (Wells 1914). By these experiments
it was hoped to determine two things: (1) the fitness of the goldfish as a test
animal and (2) the most adaptable range of survival time of the goldfish for
pharmacodynamic assay work.

The goldfish used in these experiments were Carassius carassius L. (Meek
and Hilderbrand 1910), the Crucian carp or goldfish. This is the goldfish
commonly sold for aquaria. C. auratus is less common and was not obtainable
for this work.
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129] THE GOLDFISH AS A TEST ANIMAL—POWERS 9

EXPERIMENTAL DATA

In the study of the goldfish as a test animal it was deemed advisable to
determine the uniformity or lack of uniformity of the resistance or suscepti-
bility of the goldfish first to certain of the less toxic simple substances; then
later to take up a study of the more toxic and the more complex substances.
First the chlorides and nitrates of the alkali and alkaline earth metals were
employed. Later the heavier metals, cupric chloride, cadmium chloride,
and ferric chloride, and finally hydrochloric acid, potassium cyanide, methyl,
ethyl, and isobutyl alcohols, phenol, caffeine, and pyridine were used. It was
found that all substances tested, with the exception of CuCly, CdCls, and to
a certain extent FeCls, have certain points in common when the toxic activity
of varying amounts of the substance tested is considered. This can be best
illustrated by a detailed study of one or two representative substances and
by comparing these with the other substances employed. The experiments
with lithium chloride will first be considered.

In the lithium chloride experiments the resistance of the goldfish to con-
centrations varying from 0.089 N. to 0.466 N. was tested. By referring to
Table I it will be found that the goldfish died fairly uniformly in any given
concentration of the lithium chloride solution. For other chlorides and
nitrates see Tables IT to XV. The 2.5 g. goldfish (Table III) having a sur-
vival time of 135 minutes and marked with an asterisk (*) was taken out of
the sodium chloride solution for dead, but when placed in an HCl solution

TABLE I
LitaroM CHLORIE. TEMPERATURE 21° C. DeceEMBER 1, 1916
Weight | Survival Weight | Survival
Normal | of fish | timeof | Normal | of fish | time of Remarks
ingrams | fish in ingrams | fishin
minutes minutes
0.466 2.8 36 0.2001 2.8 141 | Daggers (}) indicate the
2 32 41 2 3.05 179 | range in which the
0.388 3.0 46 0.166 28 234 | greatest difference in
2 4.2 % % 3.6 310 | survival times occured
0.3221 29 54 0.133 29 525 | in any two solutions
4 32 58 3 34 925 with the least differ-
0.2661 29 92 0.111 3.0 1204 | ence in concentrations
1 3.2 96 ” 3.2 1214 | in which the fish died
0.2221 3.3 116 0.089 2.7 +1320 | uniformly.
2 3.35 112 4 3.0 1620
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10 ILLINOIS BIOLOGICAL MONOGRAPHS [130

showed very slight signs of life. All goldfish when taken out of a solution for
dead were tested by placing them in a hydrochloric acid solution and if any
signs of life were evidenced the goldfish was designated by an asterisk in
experimental data as not dead. No corrections have been made either
in this or subsequent tables or graphs since it was deemed as being within
experimental error as well as within individual variation of the goldfish. For
further discussion of the uniformity of the survival time of the goldfish see
page40. By a close examination of data of killing goldfish in different con-
centrations of lithium chloride (Table I) it is found that the survival time of
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Figure 1. Lithium chloride. LIJM is the survival time curve. The survival time of

the goldfish is plotted as ordinate and the concentration of the LiCl as abscissa. The crosses
(+) are located from actual experimental data. CABG is the velocity of fatality curve. The
concentration of the LiCl is plotted as abscissa and the reciprocal of the survival time in
minutes or the velocity of fatality is plotted as ordinate. Instead of 1 over the survival time
which gives the reciprocals, 100 over the survival time is used to avoid the use of fractions.
The circles (@) are located by calculations from actual experimental data. The numbers
at the left hand of the graphs represent minutes of survival time and those at right hand side
of graphs represent units of velocity of fatality. The line PABF is the theoretical velocity
of fatality curve and is a straight line. HIJK is the theoretical survival time curve.
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100

0.5. 0.1. 0.15. 0.2. 025. 0.3. 035 04. 045. 0.5. 0.55. 0.6. 0.65. 0.7. 0.75. 0.8N.
Figure 2. Sodium chloride

the goldfish does not increase in the same ratio as the concentration
of the lithium chloride decreases, i. e., the survival time of the the gold-
fish is not in inverse proportion to the concentration of the lithium chlo-
ride employed. At higher concentrations (0.466, 0.388, and 0.322 N.) the
increase in survival time of the goldfish was less rapid than the decrease
in concentration of the solution. With concentrations from 0.322 to 0.133 N.
there was a more rapid increase in survival time of the goldfish in proportion
to the decrease in concentration of the solutions. And finally with concen-
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12 ILLINOIS BIOLOGICAL MONOGRAPHS [132

trations from 0.133 to 0.089 N. there was again a less rapid increase in survival
time in proportion to the decrease in concentration of the lithium chloride
solutions. These points can be better illustrated by the graphic method,
(Fig.1). Letone block abscissa represent 0.05 N. LiCl and one block ordinate
represent 120 minute survival time of the goldfish and plot data as represented
in Table I. When the points (+4) have been located on the graphs the curve
LIJM can be drawn by interpolation. The crosses of this and all subsequent
graphs are located from actual experimental data. The curve LIJM thus

TABLE II
SopruM CHLORIDE. TEMPERATURE 21.5° C. NoveEMsER 19 T0 20, 1916
Weight | Survival Weight | Survival
Normal of fish | time of | Normal of fish | time of Remarks
ingrams| fish in ingrams | fish in
minutes minutes
0.600 2.5 28 0277t 2.6 +178
2 2 30 y 2.7 260 | Daggers () as in Table
0.500t 2:0 33 0.266 2.6 1270 | I. Fish were all alive
%, 2:7 34 ’ 2.7 296 | in 0.18, 0.15 and 0.124
04171 2.85 61 0.253 2.7 457 | N. solutions after 10200
2 2.9 55 2 2.8 304 | minutes when experi-
0.347t 2.6 97 0.241 2.65 478 | ments were discon-
1 2%l 93 R 23 1290 | tinued.
0.289t 215 114 0.201 ? 2040
7 2.8 155 i 3.0 9240
TABLE III
Soprum CHLORIDE. TEMPERATURE 21.5° C. Aerir 10, 1917
Weight | Survival Weight | Survival
Normal of fish | time of | Normal of fish | time of Remarks
ingrams| fish in ingrams | fish in
minutes minutes
0.600 2.0 35 0.278t 3.3 134
7 3.8 38 4 34 129
0.5001 2.5 35 0.263 24 130
2 29 37 ? 2:5 141 | Daggers () asinTable
0.417¢ 2.5 40 0.253 24 255 | I. *Fish was not dead
2 32 42 2 2.5 135* | when taken out of solu-
0.3471 2.3 56 0.241 2.5 295 | tion.
% 2.5 68 ¥ 29 400
0.289% 27 115 0.200 24 +1020
4 2.9 125 2 3.0 £1020
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133] THE GOLDFISH AS A TEST ANIMAL—POWERS 13

TABLE 1V
Porasstum CHLORIE. TEMPERATURE 20.5° C. NoveEmBER 17, 1916
Weight | Survival Weight | Survival
Normal of fish | time of | Normal of fish | time of Remarks
ingrams| fishin ingrams | fishin
minutes minutes
0.434 29 14 0.192 2.85 151
2 3.2 17 2 29 282
0.378 29 11 0.172 3.0 207
2 3.0 16 2 31 396
0.3287 2.8 22 0.134 29 286 | Daggers (1) as in Table
22 3.0 26 4 2.9 1900 | I. *Fish was not dead
0.286} 3.2 25% 0.122 2.8 347 | when taken out of solu-
¥ 3.3 44 i 3 527 | tion.
0.243% 2.9 S5% 0.112 81 318
L 2.8 57 2 3.2 292
0.214% 2.9 69 0.102 3.55 279
4 2.8 150 g 2.8 1000

drawn resembles that of an hyperbola and has been designated as the survival
time curve the nature of which can be better illustrated by drawing the re-
ciprocal curve. In the reciprocal curve the reciprocal of the survival time of
the goldfish is plotted as ordinate. The normality is plotted as in the survival
time curve. To avoid the use of fractions 100 over the survival time is taken as
the reciprocal. One block ordinate represents one unit reciprocal. The circles
(®) represent the location of the reciprocals. The curve CABG is drawn by in-
terpolation and has been designated as the velocity of fatality curve. By an ex-
amination of this curve it is seen that it rises very slowly from the point C to A,
i.e., in low concentrations, more rapidly from A to B, i.e., in higher concentra-
tions, and again there is a falling off from B to G at still higher concentrations.
By a closer examination of the curve it is seen that the portion from A to B
approaches a straight line and for all practical purposes this portion can be
considered as such. The point C where this curve cuts the X-axis has been
designated as the actual threshold of toxicity concentration, i.e., the concen-
tration below which the substance will not kill the goldfish. The portion
of the curve from A to B is not a straight line but approaches a straight line
in that the direction of curvature is being reversed from that of the curvature
from C to A to that of the curvature from B to G (See velocity of fatality curves,
Figures 1 to 21.) For a further discussion of the velocity of fatality curve
see pages 48, 52. The portion from A to B of the curve CABG if considered asa
straight line and prolonged cuts the X-axis at the point P. The curve PABF
thus drawn has been designated as the theoretical velocity of fatality curve
and the point P has been designated as the theoretical threshold of toxicity
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concentration. The curve HIJK is an equilateral hyperbola drawn from
calculations and has been designated as the theoretical survival time curve.
The two curves HIJK and LIJM show the variation of the actual survival

TABLE V
AmMoNTUM CHLORIDE. TEMPERATURE 21° C. NoVEMBER 24 TO 25, 1916
Weight | Survival Weight | Survival
Normal of fish | time of | Normal of fish | time of Remarks
ingrams| fishin ingrams | fish in
minutes minutes
0.352 35 29 0.141 3.25 357
7 8.7 20 i 34 600
0.319 3.6 30 0.115 3.15 320
2 3.8 31 2 39 297
0.268t 3.45 38 0.096 3.2 547
2 40 37 i 3.2 11020 | Daggers (1) as in Table
0.249% 2.8 48 0.064 3.1 +1020 | 1.
22 32 64 2 3.3 +1020
0.224t 2:5 99 0.032 3.1 376
< 3.7 90 3 34 1080
0.166 29 283
e 32 285
TABLE VI
AmumoNTUM CHLORIDE. TEMPERATURE 21.5° C. Aprir 12, 1917
Weight | Survival Weight | Survival
Normal of fish | time of | Normal of fish | time of Remarks
ingrams | fish in ingrams | fish in
minutes minutes
0.351 2.1 17 0.160 2.8 166
2 43 28* 2? 37 261
0.320 2.8 26 0.141 218 111 Daggers (1) as in Table
i 3.0 22 % P I. *Fish was not dead
0.268% 3.0 48 0.115 3.0 376 | when'taken out of solu-
% 3.2 40 2 315 106 | tion.
0.257t 27 51 0.096 2.7 123 ** Fish was alive after
i 29 43 s 2. 663 | 5040 minutes when
0.224t 2.8 53 0.064 2.5 +1080 | experiment was discon-
% 2.8 65 z 2.8 +1080 | tinued.
0.186 25 141 0.041 2.5 +1080*
27 2.8 95 3 ? b
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135] THE GOLDFISH AS A TEST ANIMAL—POWERS 15

time curve from that of an equilateral hyperbola. To summarize: in the
lithium chloride and all toxic substances tested with the exception of CuCls,
CdCly, and to a certain extent FeCl; the following conditions were met:—
1. A concentration (the point C, about 0.073 N. LiCl), the threshold of
toxicity concentration, was found below which the goldfish were not killed.
2. Just above the threshold of toxicity concentration the rate of fatality, as
expressed by the reciprocal of the survival time, increased very slowly with
increase in concentration of the toxic substance employed. This is represented
by the portion C to A, about 0.073 to 0.19 N. LiCl, of the velocity of fatality
curve CABG (Fig. 1). 3. With higher concentrations, concentrations

100
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Figure 4. Ammonium chloride

sufficient to kill the goldfish in not less than 54 to 58 minutes and not more
than 234 to 310 minutes in lithium chloride solutions, the velocity of fatality
increased more rapidly in proportion to the increase in concentration of the
toxic substance, and this portion of the velocity of fatality curve approaches
a straight line. (The portion A to B, curve CABG, Fig. 1.) Table XXIV
shows minimum and maximum survival time of goldfish and concentration
of toxic substances tested where its velocity of fatality curve approaches a
straight line. The daggers (f) in Tables I to XXIII also indicate the con-
centrations of the substances and the survival time of the goldfish where
their velocity of fatality curves approach a straight line. 4. At still higher
concentrations (0.375 to 0.45 N. LiCl) the increase in the velocity of fatality
was again less rapid in proportion to the increase in concentration of the
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16 ILLINOIS BIOLOGICAL MONOGRAPHS [136
TABLE VII
Soprum N1TRATE. TEMPERATURE 21° C. DECEMBER 9, 1916
Weight | Survival Weight | Survival
Normal of fish | time of | Normal of fish | time of Remarks
ingrams| fish in ingrams | fishin
minutes minutes
0.500 247 61 0.2607 3.0 134 Daggers (}) as in Table
” 29 164 » 34 274 | L
0.460 27 116 0.220% 2.6 171* | *Fish was not dead
i 2.7 118 ” 2.7 196 when taken out of solu-
0.440 2.65 148 0.180 2.6 433 | tion.
Y 32 68 2 3.0 656 | Fishin0.12 N. and 0.10
0.380% 29 122* 0.150 255 593* | N. solutions were alive
s 3.1 109 i 2.9 +840 after 1680 minutes
0.310f 3.05 133 when experiments were
2 34 180 discontinued.
100
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Figure 5. Sodium nitrate

solution. See the portion B to Q (Fig. 1). 5. At the highest concentrations
tested the velocity of fatality curve a second time approaches a straight line
but with a less rapid increase of velocity of fatality in proportion to the con-
centration of the solution than the portion of the velocity of fatality curve repre-
sented by the portion A to B, curve CABG (Fig. 1).
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'Fig. 1.) This last point is better illustrated by the curves represented in
Figures 2 to 20. These curves are logarithmic in nature. See pages 48, 51
for discussion of the theoretical equation for the velocity of fatality curve.

TABLE VIII
AmMONIUM NITRATE. TEMPERATURE 21° C. DECEMBER 18, 1916
Weight | Survival Weight | Survival
Normal of fish | time of | Normal of fish | time of Remarks
ingrams| fish in ingrams | fish in
minutes minutes
Daggers (1) as in Table
i
0.309 1.95 20% 0.120 2.0 1720 | *Fish was not dead
2 24 32 " 2.3 12160 | when taken out of solu-
0.2537 2.3 37 0.100 2:3 +1080 | tion.

L 2.7 52 o 24 +1800 | ®A close approximate

0.213¢t 2.4 78 0.080 1.7 1620 | survival time.

2 24 82% = 19 1800 *2 Fish was alive after

0.173 2.1 228%1 0.066 17 5625 | 4 days when taken out

4 2.5 228*% # 137, *2 | of solution and experi-

0.140 218 371 0.053 2.2 5400* | ment discontinued.

g ? 404 e 20 ——*2 | Fish were alive after 4
days in 0.033 N. Solu-
tion when experiment
was discontinued.
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Figure 6. Ammonium nitrate
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100
Minutes t
840 v 7
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720 : 6
i
600 i 5
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480 : P
: o
360 Wi ," 3
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.
120 J%{; 1
7 e
/:7 i #*\-¥—$‘—.—.

0.05. 01. 0.15. 0.2 025. 03. 035 04. 045. 0.5N.
Figure 7. Magnesium chloride

TABLE IX
MacNEstuM CELORIDE. TEMPERATURE 20.5°C. NovEMBER 8 T0 14, 1916
Weight | Survival Weight | Survival
Normal of fish | time of | Normal of fish | time of Remarks
ingrams| fish in ingrams | fish in
minutes minutes

2.158 44 10.5
0.432% $:3 23 0.298 32 82

72 4.1 34 ” 34 91

i 5.0 30* 4 3.6 86
04117 42 33 0.283 3.6 117

i 54 35 - 5.1 174

2 6.2 58 7 6.3 270 | Daggers (}) as in Table
0.373% 34 40 0.270 3i7 183K

i 3.7 45 % 55 132 | *Fish was not dead

2 5.8 70 2 6.0 239 | when taken out of solu-
0.360t1 3.9 42 0.257 3.3 306 | tion.

) S50 S| i il 291

2 6.1 61 » 43 301
0.328t 34 62 0.216 54 780

2 3.9 118

2 7.6 99 & 43 1200
0.313t 4.2 121 0.142 ? 30420

% 5.0 88 & ? 15180

i 5.5 80 2 7 4680
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TABLE X
Carcrum CHLORIDE. TEMPERATURE 21°C. NovEMBER 21 AND DECEMBER 2, 1916
Weight | Survival Weight | Survival
Normal of fish | time of | Normal of fish | time of Remarks
ingrams | fishin ingrams | fishin
minutes minutes
0.583 2.6 43 0.213 Ao 136
£ 2.6 43 ¥ 2:5 +900
0.3561 1.9 48* 0.202 ? +1080
2 2.05 59 2 <l 11920 | Daggers (1) as in Table
0.347% 2.6 S7% 0.171 2:3 2640 | 1.
i 2. 66* " 2.5 4080 | *Fish was not dead
0.299 2.0 65 0.168 2.8 6627 | when taken out of solu-
2 22 90 2 3.1 +2760 | tion.
0.290% 2.8 91 0.142 2i5 1391 | *Experiment discon—
22 3.0 139 2 3.0 4331 | tinued after 4320 min-
0.250% 27 182 0.140 29 1920 | utes. Fish wereall alive.
? 29 111 5 34 4320
0.249% 2:8 174 0.128 — ¥
2 2.25 190 & — *1
TABLE XI
StroNTIUM CHLORIDE. TEMPERATURE 20°C. NOVEMBER 25, 1916
Weight | Survival Weight | Survival
Normal | of fish | time of | Normal of fish | time of Remarks
ingrams | fishin ingrams | fish in
minutes minutes
0.458 34 50 0.289% 3.3 80
z 2.6 59 2 41 88
0.380 2.8 46 0.237% 3.6 168 | Daggers (}) as in Table
% 3.75 51 s 3.6 347 |1
0.318t 34 59 0.193 2.7 11020
2 35 76 2 34 | *1860
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Figure.8. Calcium chloride
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100
Minutes v
1200 \ . 10
1
1080 \ 9
+
960 \ 8
840 /f
720 + 6
600 )
480 4
360 3
240 2
120 1
k]
0.05. 0.. 0.15. 02. 025 03. 035 04. 045. 0.5N.
Figure 10. Barium chloride
TABLE XII
BarruMm CHLORIDE. TEMPERATURE 20.5°C. NOVEMBER 22, 1916
Weight | Survival Weight | Survival
Normal of fish | time of | Normal of fish | time of Remarks
in grams| fish in in grams| fish in
minutes minutes
0.368 3.0 38 0.143 3.35 216
2 32 38 K 3.1 314
0.302 312 51% 0.119 3.3 1420 | Daggers (1) as in Table
¥ 32 56 ? Sif s T
0.2497 3.5 43 0.107 35 1720 | *Fish was not dead
2 3.5 80 i 3.6 £720 | when taken out of solu-
0.2081 3.35 113 0.090 3.2 1720 | tion.
2 3.5 144 2 3.8 1020
0.172f 2.8 169
" 3.7

316

rcin.org.pl



143] THE GOLDFISH AS A TEST ANIMAL—POWERS 23
100
Minutes —
t
1200 . 10
1080 i 9
1
960 + | 8
]
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720 \ :I 6
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Figure 12. Magnesium nitrate
TABLE XIII
MacNESIUM NITRATE. TEMPERATURE 21°C. DECEMBER 15 anD 16, 1916
Weight | Survival Weight | Survival
Normal of fish | time of | Normal of fish | time of Remarks
in grams| fish in in grams| fish in
minutes minutes
Daggers (f) as in Table
I
0.405 2.7 33% 0.2297 2:2 107* | *Fish was not dead
2 23 46%1 2 29 104* | when taken out of solu-
0.370t 2.6 37* 0.185 24 1240 | tion.
22 2. 56* 3 2.6 £240 | *Fish had been dead
0.3341 24 33* 0.158 1.9 +840 | possibly a few minutes.
i 2.5 35 2 2.5 1960 | Fish were alive in 0.132
0.2731 2.9 708 N. 0.106 N. 0.083 N.
%% 34 13* and 0.07 N. solutions
after 3120 minutes
when experiments were
terminated.
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¥ i

b4 :

V

i -..t—/'g

e
0.05. 0.1. 0.15. 02. 025. 03. 035 04. 045 0.5N
Figure 13. Calcium nitrate

TABLE XIV

CarcruMm N1TRATE. TEMPERATURE 21°C. DECEMBER 16, 1916

Weight | Survival Weight | Survival
Normal of fish | time of | Normal of fish | time of Remarks
ingrams | fish in ingrams | fish in
minutes minutes
0.311 2.6 42 0.133 20 +840
2 3.0 4 4 2.1 +840
0.281% 2.2 45 0.111 2.4 +1200
2 24 50 bt 24 11200 | Daggers (1) as in Table
0.229% 24 75 0.088 24 2116 | L.
2 24 85 % 2.2 4936
0.192t 2.6 186 0.074 2:5 2580
2 2.6 186 i 2.0 2920
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100
t
4
3
I’,
II . 2
/’ = - : 1
P
0.05. 0.1. 0.5 02. 025 03. 035 04. 045. 0.5N.
Figure 14. Strontium nitrate
TABLE XV
STRONTIUM NITRATE. TEMPERATURE 21°C. DECEMBER 14, 1916
Weight | Survival Weight | Survival
Normal of fish | time of Normal of fish time of Remarks
ingrams| fish in ingrams | fish in
minutes minutes
0.394 2.7 63 0.165t 3.5 1300
& 2.5 75 2 3.5 600
0.347 2.7 108 0.137 29 435 Daggers (f) as in
# 2.9 50 & 34 1990 | Table L
0.283 3.0 60 0.110 2.2 816 Fish were alive in
2 3.2 111 7 3.5 6240 | 0.073 N. solution after
0.238 3.0 70 0.091 3t 1923 | 5760 minutes when ex-
A 2.8 85 X 2.8 8760 | periment was termin-
0.192} 3.0 92 ated.
4 32 87
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8low -
0.0003N.
0.00029N.
TABLE XVI == 0.00028N.
Porassium CYANIDE. TEMPERATURE 21.5° C.
— 0.00027N.
Weight | Survival Weight | Survival — 0.00026N.
Normal of fish | time of Normal of fish time of
ingrams | fishin ingrams | fish in 0.00025N.
minutes minutes
e 0.00024N.
0.2X10- 2.9 35%; [08%10% a7 118 il S
7 45 59 7 3.0 94
0.1210-! Hi 61 0.375 X104 3.0 138 5 0.00022N.
2 34 96 0.251X10-¢ 34 146*
0.6X10-2 3.4 96 2 35 204 Los 0.00021N.
e 4.3 64 0.235t
X104 29 192 e 0.0002N.
0.375X10-2 3:3 67 2 3.6 163
4 3.3 68 |0.22{X10¢| 23 128 T 0.00019N.
0.2¢10-2 2.8 69 2 42 179
» 41 97 |0.217% fiopuIsH
X104 2.5 138* 0.00017N.
0.1X10-2 3.6 43* 2 37 253
” 43 71 |0.215F s 0.00016N.
X104 38 296
0.5 XlO'a 34 123 2 38 1658 0.00015N.
2 3.7 90 |0.211%
X104 2.8 178 — 0.00014N.
0.25X10-3 3.4 98 % 3.9 928 J
& 42 98 0.205} e 0.00013N.
X104 29 2135
0.162X10-3 A 84 il 3.8 1945 o 0.00012N.
i 3.0 84 0.195 %104 2.8 505 -y
0.135%103 | 3.2 84 » 3.3 2785 fIGHN.
< 3.5 84 0.185X%10+ 3.1 715 A 0.0001N.
0.1X10-3 3:3 70% 2 42 655
» 36 | 67* |0175x10¢| 24 1519 G.00005N.
0.85X10- 2.9: "S5 79 iz 4.2 +1020 .
i 2.95 79 0.12XX10~ 2.9 2615 0.00008N.
0.7X10¢ 2.6 824 & 3.0 7080
” 29 74% _— 0.00007N.
Daggers (1) as in Table I — 1 0.00006N.
*Fish was not dead when taken out of solution
— 0.00005N.
Fig. 14 (atright). Potassium cyanide. Velocity of fatality curve only ‘— Lol
— 0.00003N.
sl 0.00002N.
0.00001N.
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TABLE XVII

100

Weight | Survival Weight | Survival
Normal of fish | time of Normal of fish | time of
ingrams | fish in ingrams | fish in
minutes minutes
8.89X10- 2.8 27% 0317103 “13.2 333
2 34 34 22 4.0 246
7.32X10-3 3.0 22% |0.209X102 | 4.5 +1000
22 57 33% 2 5.5 +1000
4.19X10- 23 30 [0.125%103| 34 +1200
» 5.0 36 7 40 12520
2.09X10-3 3.0 37 |8.37X10% 3.5 +1200
2 L3 | 40 7 5.0 12520
1.05x10- 3.0 50% |6.27X10- 5.0 +1200
2 5.3 70 2 48 660
0.91%x10-3 32 46* | 4.18X10 47 +1200
2 40 72% 2 41 697
0.7741 3.13X10 541 +1200
%10-8 2.2 78 fifil e 2 52 12420
2 33 87 |2.09X10- 3.3 553%
0.627t » 41 +1200
%10 47 98 |1.57X10- 5 584
2 43 110 22 39 794
0.5231
X10-3 39 134
2 41 161
0.418t
X10-? 42 339
2 5.2 480*

Daggers (}) as in Table I
*Fish was not dead when taken out of solution

Fig. 15 (at right). Hydrochloricacid. Velocity of fatality curve only
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0.0104N.
0.01N.

0.0096N.
0.0092N.
0.0088N.
0.0084N.

0.008 N.

0.0076N.
0.0072N.
0.0068N.
0.0064N.
0.006N.

0.0056N.

0.0052N.
0.0048N.
0.0044N.
0.004N.

0.0036N.
0.0032N.
0.0028N.

0.0024N.

0.0020N.

0.0016N.

0.0012N.

0.0008N.

<] 0.0004N.
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100
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Figure 16. Methyl alcohol (M); Ethyl alcohol (E); Iso-butyl alcohol (I). Velocity
of fatality curves only.

TABLE XVIII
MerEYL ALcoHOL. TEMPERATURE 21.5° C.
Weight | Survival Weight | Survival
cc.per L. of fish | time of | cc. per L. of fish | time of Remarks
ingrams | fish in ingrams | fish in
minutes minutes

62.5 2.3 36* 6.0 2.8 603

& 34 38* 2 40 258
52.5 23 40* 40 3.6 517

i 3.2 45 g2 4.2 502
42.5% 2.0 52 2.5 24 245

f 3.6 57 2 2:5 534 |Daggers (f) as in Table
32.5% 3.6 +109 1.5 3:2 651 |I.

2 42 +109 » 34 906 *Fish was not dead
25.0 3.0 206 1.0 29 507 when taken out of solu-

e 4.2 32 ” 38 +906 | tion.
20.0 34 271 0.5 H 581

4 34 421 2 5.0 901
16.0 2.8 151 0.25 24 791

& 3.8 299 £ 3.2 646
12.5 3.0 163

iy 24 325
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Figure 17. Ethyl alcohol
TABLE XIX
EtrYL Arcoror. TEMPERATURE 21.5° C.
Weight | Survival Weight | Survival
cc.perl. | of fish | timein | cc.perl. | of fish | timein Remarks
in grams | minutes in grams | minutes
87.5 2% 20 6.0 3.2 430
22 313 22 ” 3.3 475
75.0 S 21% 2 2.6 462
g 3.3 25 % 41 582
62.5 3.0 19* 4.0 3.0 469
4 3.3 24 Y 45 403
51.5¢% 2.8 26* Z 2.9 222
i 35 28 at 3.0 290 | Daggers () as in Table
42.5t 3.5 31 2.5 355 +900 | I
27 39 33* “ 4.0 +900 | *Fish was not dead
32.5¢% 3.3 42 £ 3.2 1540 | when taken out of
2 315 44* H 5.0 620 | solution.
25.01 2.8 5674 2 3.4 561
d 4.0 59* ” 5.0 771
20.01 2.5 61 1.5 2.8 593
& 3.9 85 2 34 538
16.0f 3:2 88* 1.0 2.4 738
2 2:5 98* 2 2.5 465
12.5 3.6 299 0.5 24 738
i 43 579 - 3.3 583
4 2.2 397 0.25 3.0 396
2 34 472 4 3.0 94
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TABLE XX
Iso-BuryL ArcoHOL. TEMPERATURE 21.5°C.
Weight | Survival Weight | Survival
cc.perl. | of fish | t_u:ne.of cc. per l. | of fish tlme.of Remarks
in grams ﬁ_Sh o in grams ﬁ.Sh =
minutes minutes
14. 3.2 20 6.0 2.6 43* | Boiling point 102° to
i 34 25 R 2.8 14* | 104° C.
12.5 29 24 5.0 3.3 64
i 3.2 30 ? 3.9 78* | Daggers () as in Table
11.0 29 28* 4.0 2.8 1012 11T,
i 3.2 32 = 5.5 130* | *Fish was not dead
9.0 29 33 3.25 3.3 464 when taken out of solu-
2 335 36* 2 34 654 tion.
755 2.9 41* 2.5 2.8 1680
i r) 46 e 42 900
20.0 3.0 17 44 3.0 57* | Boiling point 104° to
2 4.0 18 2 49 63 1 105%€C:
16.0 24 23 4.0 3.8 70
i 3.3 29 7 39 80*
1255 3.0 29 iy 3.6 70*
2 4.0 29 ] 45 83
9.0 34 35 3.62 23 157*
5 42 39* 4 ) 162
8.55 4.2 S0 213 2.6 302
” 4.5 35% E 3.9 328*
7.71 43 31 297 312 628
2 44 40 2 5.0 302
7.07 33 24 2:5 29 664
z 59 48% i 4.0 434
6.421 3.6 33% 1.5 3.0 270
2 54 513 % 39 509
6.0t 3.3 46 1.0 2.8 1425
X 45 43 X 4.0 +1140
5.85% 3.5 61 0.5 2.3 510
% 44 42% 13 2.9 665
583 3.0 59 0.25 23 734
2 43 61* g 4.1 419
485 2.5 58*
2 5.4 66*
9.0 2.8 40 1.5 34 389 Boiling point 105° to
& 3.3 40 2 4.7 703 to 107° C.
6.0 3.3 42 1.0 3.8 783
% 3:3 42 ” 4.5 663
40 2.8 71 0.5 4.0 390
2 3.7 87 2 42 664
2.52 34 282 0.25 38 784
3 4.2 262* 2 40 +1200
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TABLE XXI
PrENOL. TEMPERATURE 21.5°C.
Weight | Survival Weight | Survival
g. per liter | of fish | time of | g. per liter | of fish | time of Remarks
in grams | fish in in grams | fish in
minutes minutes
3.45 3.2 9 0.3457 24 59
H 8.7 9 & 2.6 103
2.58 3.3 10 0.31%} 29 81
2 39 10 3 34 53
1.72 24 13 0.26F 2.55 104
» 34 13 P 2.8 132
1.036 2.5 17 0.17 32 125 Daggers (1) as in Table
2 -7 24 i 35 136 I
0.69 2.8 18 0.10 3.2 91
2 3.8 30 2 29 71
0.517 2.3 32 0.07 3.3 292
2 215 38 7 337 217
0.4141 2.0 37 0.051 ? 92
2 34 51 it 34 140
TABLE XXII
CAFFEINE. TEMPERATURE 17°C.
Weight | Survival Weight | Survival
g. per liter | of fish | time of | g. per liter | of fish | time of Remarks
ingrams | fish in ingrams | fishin
minutes minutes
2.22 24 13 0.32% 2.8 22
4 29 10 2 3.5 83
1.58 3.0 14 0.284+ 34 94
i 3.0 18 2 3.8 256
0.95 3.0 22 0.19 24 319
P2 32 23 1 24 359 Daggers (}) as in Table
0.712 2.6 23 0.095 2.8 322 i
% 29 25 % 3.0 1140
0.47 2.8 23 0.047 2.8 1200
22 3.0 50 % 3 1652
0.407% 22 42 0.019 3.0 1320
”? 3.2 45 # 3.5 2760
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A
. ®
1l

02. 04. 06. 08 10. 1.2. 14. 16 18. 20. 22. 24
Figure 18. Caffeine. Velocity of fatality curve only. Abscissa represents g. per liter

0.25.,.0.5, 10,75, ' 1.0,.1.255 " 1.5¢2. 1 1.755 20, .225.. 2.5.2.45. 30, 3.25, 1351 31755 4.0
Figure 19. Phenol. Velocity of fatality curve only. Abscissa represents g. per liter.
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) :T‘
e/ |

2. 4. 8 10. 12cc
Figure 20. Pyridine. Velocity of fatality curve only. Abscissa represents cc. per liter

TABLE XXIII
PyrmINE. TEMPERATURE 17.5°C.

Weight | Survival Weight | Survival
cc. per liter| of fish | time of |cc. per liter| of fish | time of Remarks
ingrams | fishin ingrams | fish in
minutes minutes
7.87 2.0 26* 3.0 27 *720
Y 2.6 38 2 21 £720
6.75 24 28 2.81 35 180
& 3.6 58 < 3.7 1900
5.81 3:3 63 2.62 3.3 420 Daggers (1) as in Table
22 3.8 61 4 4.0 +1080 i
4.87 24 68 1.87 2.4 715 *Fish was not dead when
i 2.9 78 2 29 610 taken out of solution.
4.5t 2.2 82 10.0* 3 13* | ®Temperature 21.5 C.
g 41 83 o 3.1 15* | Fish were suffering with
4.127 2.5 87 5107 2.2 40 gas disease.
2 2 140 s 235 40
3.5 2:0 175 2,01 3.3 11020
& 3:1 187 2 3.3 660%*
3.19% 252 180
% 2.2 150
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TABLE XXIV
The maximum and minimum concentration of substance and maximum and minimum
survival time of goldfish within the range in which the velocity of fatality curve approaches
a straight line.

Survival Survival
Substance Normal time of Substance Normal time of
fish in fish in
minutes minutes
NaCl 0.500 33 Ca(NOs): 0.281 45
» ”» 34 E ” 50
4 0.277 178 7 0.192 186
” 2 