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Fig. 1. Time-mortality regression isotherms of
the carp fish in 0.8 ppm solution of PCP. Data:
Block V shown in Table 2.
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Table 1. Characteristics of time-mortality regression isotherms of the carp fish which were
immersed in 0. 8 ppm solution of PCP under five different conditions of temperature,
and the correlation coefficients between lethal times and weights of fishes.

. . Median Confident limits
Temper- Regression Standard Log median lethal for 959 c .
©s; nad y % orrelation
Block g?ﬂx(r:(; coef?cxent deviation  lethal time _time _ probability coefficient
o a6 to T (min.) (min. )
I 32 11.453 0.08731 1. 800 63.0 59, 6~66.7 0.296
29 14,221 0. 07032 1,893 78.2 74.8~81.8 0.114
26 17. 416 0. 05742 1.983 96.1 92,7~99.7 0.075
23 22.371 0. 04470 2.124 133.2 129, 4~137.1 —0.126
11 35 12. 758 0.07838 1.586 38.6 36.6~40. 6 0. 528*
32 17.214 0. 05809 1.778 59.9 57.4~62.5 0.275
29 16. 540 0. 06046 1.911 81.4 77.9~85.1 0.105
26 20. 206 0. 04949 1.958 90.7 87.8~93.6 0.242
111 35 11.559 0. 08651 1.562 36.5 34.5~.38.6 0.079
32 19.798 0. 05051 1.792 60.5 59, 9~64.0 0.339*
29 15. 468 0. 06465 1.922 83.6 80.1~87.3 0.214
23 15.918 0.06282 2.121 132.0 126, 7~137.5 0.154
v 35 11. 436 0. 08744 1.415 ' 26.0 24,5~.27.6 0. 320*
32 18.318 0. 05459 1.699 50.0 48,2~51.8 0.202
26 19. 209 0. 05206 1.953 "89.8 86.8~92.8 0.345*
23 19,984 0. 05004 2.035 108.5 105. 0~112. 1 0. 249*
v 35 15.982 0. 06257 1.611 40.8 39.1~42.5 0. 154
29 18. 889 0. 05294 1. 858 72.1 69.7~74.7 0.260
26 17.425 0.05739 1. 961 91.3 87.7~95.1 —0.019
23 21.683 . 0.04612 2.065 116.2 112.9~119.7 0.103

* Significant at P=0.05
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Table 2. Effect of temperature on toxicity of PCP in terms of the Iog LT,o for each series.
Temper- Log median lethal time in  block -7 . I

ature (°C) 1 11 11 v VT Vi Wi Ys

35 1.5862 1.5621 1.4149 1. 6106 6 1738 0. 3488 6. 1803
1.5342% '

32 1. 7996 1.7775 1.7919 1. 6992 7.0682 0.0196 7.0686

29 1. 8934 1.9107 1.9222 1. 8581 7.5844 —1.0270 7.5654

26 1.9829 1.9576 1.9531 1. 9605 7. 8541 0. 4151 7. 8618

23 2.1244 2.1206 2.0355 2.0652 8. 3457 0. 2475 8. 3503

T 7. 8003 7.2320 7.3968 7.1027 7.4944 37.0262 37.0264

* Numerical substitute estimated by the missing value technique of Cornish.®

Table 3. Median lethal time of 0.8 ppm solution of PCP to the carp fish under five different
conditions of temperature corrected for differences between days.
"""" Temp. (*C) Log LTy LT (min. ) “Log LTy LTso(min. )*
35 1.5451 35.1 1. 5778 37.8
32 1.7672 58.5 1. 7658 58.3
29 1. 8924 78.1 1.8874 77.2
26 1. 9655 92.4 1.9673 92.7
23 2.0876 122. 4 2, 0881 122.5

* Results computed with the value replaced by the missing value technique of Cornish.®
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Fig. 2. Relation between temperature and log

median lethal time of the carp fish in 0.8 ppm
solution of PCP.
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Table 4. Characteristics of ‘tima-mortality regression isotherms of the carp fish which
were immersed in 0.5~16 ppm solution of PCP under five different conditions
of temperature from 20 to 32°C.

Temper- Concen- Regression Standard Log median Median Confident limits
ature tration coefficient deviation lethal time lethal time for 959% proba-
6(°C) (ppm) by ) to T (min.) bility

16 13. 000 0. 07692 1. 2825 19.2 17.7~ 20.7 -
8 16.088 0. 06216 1. 4725 29.7 27.8~ 31.7
20 4 13.238 0. 07554 1. 6725 47.0 43.5~ 50. 8
2 20. 392 0. 04904 1. 8555 71.7 68.1~ 75.5
1 13.748 0. 07274 2, 0800 120.2 111.6~129.6
16 14. 903 0.06710 1, 1800 . 15.1 14.1~ 16.2
8 17. 361 0. 05760 1. 3950 24.8 23.4~ 26.4
23 4 19,040 0. 05252 1. 6075 40.5 38.3~ 42.8
2 15. 845 0. 06311 1. 7563 57.1 54,5~ 59.8
1 15.126 0. 06611 1. 9450 88.1 82,3~ 94.3
8 13.680 0. 07310 1. 2900 19.5 18.1~ 21.0
4 14. 025 0.07130 1. 5092 32.3 30.0~ 34.0
26 2 18.192 0. 05497 1.7825 60.6 57.2~ 64.2
1 16. 197 0.06174 1. 9575 90.7 85.1~ 96.7
0.5 22,533 0.04438 2.1075 128.1 122,2~134.3
8 18.413 0. 05431 1. 1250 13.3 12,6~ 14.1
4 13.755 0.07270 1.3125 20.5 19.1~ 22,1
29 2 12,164 0. 08221 1.5225 33.3 30.6~ 36.2
1 11.510 0. 08688 1. 6975 49.8 45.6~ 54.5
0.5 10. 879 0. 09192 1. 8300 66.6 61.5~ 74.3
4 10. 404 0. 09612 1. 1200 13.2 12,0~ 14.5
32 2 9.243 0.10819 1. 3575 22.8 20,4~ 25.4
1 6.971 0.14346 1.5525 35.7 29,0~ 38.8
0. 1

()]

7.606 0.13147

. 7225 52.8 46.2~ 60.3

7+ 1/ 05
o .
- o]
£ 6 :
S fe)
4 o/o 025
s o
R o (o)
2
S 4 4
‘g (o}
2 4
I 13 15 17 19 2r 23 T 25
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Fig. 3. Time-mortality regression isoconcs of the carp fish for 0.25, 0.5, 1,2,4,
and 8 ppm solutions of PCP at 26°C
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Fig. 4. Relation between concentration and

median lethal time in the carp fish-PCP
experiment at 26°C
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Table 5. Equations of concentration-time regression isotherms.

Median lethal

Temperature . : Revised equation )
6(*C) Regression equation with common slope at %c;rlggnr;riitn?gpm)
20 $=2.7253—0.6571¢ t=2.7071-0. 6457¢ 2,75
23 $=2,5834—0.6283¢ t=2,6113—-0, 6457¢ 1.95
26 t=2.5452—0,6271¢ t=2,5694—0.6457¢ 1.68
29 t=2.2724—0. 5956¢ t=2.3376—0. 6457¢ 0.74
32 t=2.2034—0. 6652¢ t=2.1810—-0. 6457¢ 0.42
22¢
19¢

Time in logarithms, ¢
—
cx

ek
2

0.7 10 13 16 1.9 . 22
Concentration in logarithms, ¢
Fig. 5. Time-concentration regression isotherms obtained in the carp fish-PCP

experiment under five different conditions of temperature from 20 to 32C°.
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Fig. 6. Concentration-temperature regression

isotherms computed based on the figures shown
in Table9. Median lethal concentrations at
60 minutes after immersion were used for
computation.
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e 45 31 () =2

$=3.7112—-0. 046360 —0.6631¢c ---+s-ee-e-- (8)

EHobiANS, h=b/b1314.3020 TH b, TR
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Fig. 7. Toxic action of solution of PCP as determined from the survival time of the

carp fishes after immersion, ¢=log minutes, as a function of the concentration of PCP,
c=log ppm, and temperature, O="C; 2=0+hc is the temperature adjusted for difference

in concentration.
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PCP-Natid = 4 ictong 23k & EDBIE %,
ISRY-B 7Bl § & DO THRMTRETL T2, HAKE 23,
26,29, 3245 k0r 35°C DRMHTFTA SN 0.8ppm
DORRBIENGIN, B E ERMEGRERU, BIEAN
OWEREUZIETH -7z, 35°C IRl
VRIZE 3 @ DI 2.23 Th -1z, Tieb BN
HEED 10°C EHT BT E b2, FOEHIEHHY 2 4%
MATAHLERRLUTV A, ZEE IR 3l L
Mo 2, WEDLEFE L HITO 500122 Bl
24 b, 24 OBRIEOEMVBAREL LB L E2RL
1o, TRAF 20, 23, 26, 29, 510 32°C O&HTiRET

Table 6. Analysis of variance of multiple regression with two independent variates,

no restriction in the design.

Term DF Sum of squares MS F
Combined effect T BE=b(x1y)+ 5. x23)
of b, and b, m=2 =34. 858334 A=17.429167 A/s?=2410. 676502
Test of &, 1 b,%/v,,=13. 441714 B,=13.441714 B,/s*=1859. 160801
Test of b, 1 b?/v,,=33.242207  B,=33.242207  B,/s?=4597. 821989
Residual variation = N—m—1=476 (y9)—ZB?%=:3.441478 s2=0. 0072299
Total N—1=478 Cy7)=38. 299812 -
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Smﬁmary' h

In the present papér, relationships betweer the
lethal action of PCP-Na salt to the carp fish and
temperature were disqu'ssed. from the _sta_t»iético-
physiological point of view. The original time-
mortality data obtained were statistically summe-
rized by the method of complete time-mortality
curve. The median lethal times of PCP 0.8 ppm
solution were detefmined under the temperature
conditions of 23,26, 29,32and 35°C. A lihe_ar relation
was obtained between the median lethal time and
temperature. The temperature coefficient of
lethal action of PCP for the carp fish was proved
to be positive. The median lethal time obtained
at 35°C, however, was much smaller than those
obtained at lower temperature. The value of @,
calculated for the range of temperature from 23
t0 32°C was 2.23. That is, the velocity of lethal
action of PCP increases about two times with
every 10°C rise in temperaturé. The slopes of
the time-mortality régression isotherms became
flatter with rising temperature. This means that
the standard deviatiqn of susceptibility in the
carp fish became larger with fising temperature.
The median lethal times of PCP in the range of
concentration from 0.5 to 16 pp‘rh were determined
under the conditions of temperature 20,23, 26, 29
and 32°C. From the results obtained, the relation
between temperature and the median lethal con-
A linear relation
was obtained between both variates and the
temperature coefficient of lethal action of PCP
was also proved to be positive from this experi
mental data. The value of @, calculated was
4,82. The relation between lethal time, concen-
tration and temperature could be determined
with a multiple regression equation. From this

centration was determined.

equation, by transforming concentration into
temperature with a factor for equalizing individual
differences in lethal concentration, the relation
between temperature and lethal time was derived.
A similar linearity as that mentioned above was
also obtained between these two variates.
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