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Table 1. C oncentratmn—mort hty data for

Calandra oryzae exposed to carbon
disulfide for different times at 80°C.

1 No. of

Exposure

C ncentr tion, : Mortalxtv
Times in_ ; ¥,
Houra n mg/L Igsggtv in 2
3 35 100 0.0
) Co40- S 100 2.0
45 - 100 13.00 -
§lt] 100 - 340
Bd 100 ~47.0
60 100~ 73.4)
G5 . 100 04.0
.70 100 88.0
76 100 100.0
80 100 100.0
a 25 1510 0.0
30 200 SN BT
35 : 200 235
40 1 2.0 45.0-
5] 200 80,5
40 - 200 = 95.0
. Bb 200 98.0
60 200 - 1000 ¢
- 18 200 2 0H
L 2L w180 1.3
24 S 180 B o
27 =160 27.3
30 160 552
33 . 150 913
36 - 150 93.0
39 150 'O8.6.
42 150" 100.0
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Table 2. Fitness test of linearity of concentrat-
* jon-mortality curves for each expasure
time, from the data of table L.
A. Untransformed in logarithms

E;;I;g' Regression Equation % Ezg:;?-' wlop

ir??%?t'jr Y=5\»‘l~b(X-m) F;§;111 | K ‘
8 [Y=5-+0113(X—5512)| 5 | 87.86{<P01
5 |v=5+0183(X~40.00 4 |10.33] 0036
8  |Ye=5+0.260(X~-29.30) 6 | 1488 0.021
12 [V =5-+0.280(X~2536) 6 | 1020} 0.117
16 |Y=5-+0208(X~2330) 7 | 6.26] 0511
94 |Y=5+0207(X~20.00) 14 |2205| 0.078
48 |V =5+0.523(X—11:06) 8 |1459| 0.008

w

=Mortality in. probits,
X Concentration in mgfl, .
m==Med'an lethal conuentmtlon in mg/L

B. Transformed in logarxthms

19 16 50 0.0
18 50 20

20 50 80

99 5) 18.0

24 50 42,0

26 50 48.0

98 - 5) 70.0

30 .50 98.0 *

39 50 98.0

494 50 100.0

16 4 100 0
16 100 30

18 100 7.0

20 100 14,0

99 100 30.0

24 100 76.0

26 100 81.0

' 28 150 80.3
30 200 90.5

39 1900 99.6

34 100 100.0

24 1 50 00
12 100 1.0

13 100 7.0

14 100 30

‘15 100 11.0

16 100 17.0

7 100 16.0

18 107 26.0

19 100 33.0

20 100 41.0

91 100 66.0

92 00 | 680

93 100 74.0

94 10) 0.0

925 100 93.0

26 100 4990

97 100 99.0

928 100 100.0

48 B IR R ) 0.0
: 7 100 1.0
coT 8 150 33
9 150 6.6

10 150 10.0

11 150 | 324

12 150 | 553

13 150- 612

4 7150 | . 880

n 150 933

16 150 98.6

17 150 | 1000
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16 [Y=6+16.410(X—1.36370) 7 |18:62 0010 -
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24 ‘Y
48 =04

?LL?)(D%@{%(;’:: sx”mold clirve #‘%b;hljc\,\go '

L OFERA BIET A probit 1ZEHL BHEZ D L 0
KL T s ey - L Fig. 1 ehot,
‘ ﬂ&@*fﬁ&w _\, qu.#t%:'? g MUk Fig 2
R EE I TH B SR RS & IR

52 b ISR OB S ~BEF,
Ltiksh, Figl wirthe & bARIROMMN: :
- Lo @ bic Fig,

@1;5'?-?2!4“7‘&0';\,‘7@@ Lo LU e 7o UHE DR B
Wt 5 ¥ Fig 2 Ol IE e A ¥ B L AT

RIS B D E T B £ BEID |

Pl e F oy oA b 2Te b LT
HEBBIG LS ThDo Ll Bliss OFf:

AR
I

~

ok Y~Mdrtality in’ probits, :
: X=Céncentration in logarithms, ‘
“Medmn lethal concentmilon mioganthms

m&ﬁ%"&%? :}e e mbrln h SOREILT B #NT ?ﬁﬂ'x
golfid 35 = Tatof_l&/*@ﬁ‘f{l”t Lo, Chi s

Aﬂkﬁﬁapwm@rra%@A(ﬁ%owmyf"

355 TebTEV A TR o RIS T
AR R L 8 WL T ook IS T e
‘ﬁ"z‘il‘f."'{fﬁ U‘lu?ﬁ’&’)i)xh\.‘ ZEERLTWS, Lin
NP ot OEIUB) 8 Ut 1Al F :
E%wfﬁf&%ﬁﬁ@ﬁ%ﬁbﬁbﬂ&vut%m .
2R IEBIL W bbb iR

16, 24, 48[1 7 £ OB OB AT 3 X By '

ijk@M@ﬂh@@ﬂWﬁmﬁm;owmnfxhnmf

ﬁlL“C\, B DD DI, SO L RUIEDRBIL
;fﬁ‘é, 3‘: 7‘;07‘&%”: 'ffiﬁf%gf@ >fj'"C’J.< "‘ﬂL/I« i

12




wE ER B B e
Bliss ", Wadley om,
Busvine ¢ 7 Eop
Brijiioch s,
R U2 4 Dz
LT s T %
P B NI B
D LR T )
DL G AT
T O h—F L
TR IR A,
VE D Lol g
A2 Offi ¥ ATl
FTHI LW END Y
D e FRUETER o
BRI B
LIRS, 3

126

of ‘carbon “disulfide. to ‘the rice weevil ‘in- terms¢ of
mortality in probits and log-concentration at. seven
dlﬂerent exposuxc txmes(d,.),b 12,716, 24, and 48 hours).

wobin 75 A> B[R]l o
CUNE DIERTTD &
AT IR B¢
b5 & R e
‘mmmmﬁmttkh
‘1:7}'\( A2 VJﬁl’iﬂi

. j\ & I OB

DHJEHE L Ter T By DT é;

BB R A R X W

HEIRRRS PRI B TR
ERBTE R ROHI S b, B
e ds Tieb BVHAIRT OMTY

BT EAETHEN D, hBAALIL
3 S oHTh B, (bR
IR AT b U B

BB BILE O TN D D Fa L.

TR M AT TS

Bliss 2o flid A2 233 < o B
RERT Ry DIGRIPNAL) sl
%%Lfm&mKLfQM&ﬁﬂt

"",\'ﬂ—tcst DR {EL v b T -

VR R 5 - LR
?915»14‘97:1}“‘ L< ('317‘3»\4 N VJ" ;
athZDW1%WMMH,

O iR CERRERRT Lo

THKER zzfngﬁL@;bx~c;‘fc'
Bhie L LEOEED LY
12 [f] B 2 DB O T h

9 b
4l
f'[' 3
=
S of
£ bE
i
¢ .
2 g}
=
+
=)
= 3F
ol
1 4 1, B . . i
0 10 20 .30 40‘ L 60 70 80
" ‘ Concentration in  Wg/L,
Fig- 1. Concentxatmn -mortality curves measuring the toxicity of -,
carbon disulfide ‘to the rice weevﬂ in térms of mortahty
, in probits and concentmuon in"-mg/L. Each - differs xn
exposura. tine. (},o, 16, 24, and 48 hours), ;
o
T+
w 6 d >
=
e
=bp
8
-
LB
z
5
oo .
A
2F
: 1 £ S - i a ' KL
a5 10 R I N o)
oo Log, - concentration B
Fig* 2. Congentration-mortality curves measuring the toxicity

CeWte e offi A

& 0TI ORI AN DDy

L RYORR T 0% B eE

DAY WP




BRSO o N Ralb 3 & 0% i L O LA o1 ) it N

!

. RS SUETLR NN PSR I ¢ 211 T b

RS X o THBI ST
EHTHBYL

CTEFF LR ERIBR LR, AL

o

o%‘éiﬂlfw loitv‘ ST d‘_ 24, 487z ¥ o)
TR SO A A B S 2R & X F

¥ erciu?oo FICh L OFENTTIE LW
FRTVS 2T BIbiE, CS DINd b o TEHHED
gy . L CHE DR 2R A & by PWEEFDL DR 2
o T T DU nxmuﬂ'ﬁ@mm Rl L g
7:>~.-<‘;(’31C1f,;~\: &V 53 i&M' 5L THDE
Haps logauthmlc ChBE HEBHT tti’.\_@ B

AR
IR BT D EIC A < AT J:n“Cz}“‘

~ —ﬁu‘:%‘ [ o FHAT OFED L C/‘;:\ el t(ﬂ:ﬁ wL

AU HIRVIETH S 5 o

~ I
% D, BT }IJ’*. Z;L(it}f*ﬁbﬁ
R A & B BRI F MRS RIS & L ks

L
(Adsorption) s 1= X OT ZEfi TS TS 5.0

(‘L’.«‘f"nd\’g gzl,d) Ldl)@o =L kIL[ﬁ’ﬁu(D 55{51‘» iuITiE] a

SHROMET b B BT ok ) o
oy ifl\a‘ L AW h R Th
o dde\, A DR DRI
ALY )
I FEC-T R R
THR ST TofREkE vvhb
CrMETED EELEND B, I

P BB X STRATRA a:ﬁl%ﬂtbf
R e D OBEFATEL ¢ v
S EAVTE Divd LU,

‘ Carpenter and Moore @ IRE SO
I ko A RIS VBT
B S LRI R FN L EHO
A x‘&J]ﬁE%Hmﬂ’ g ah, Thuh s
Mth: LAt ALy B FRiTlE &
T h o HCN Wit 23 <,

o4k

2

s 15 B

12 LU) rml’J&m{?ﬂ 5 lls @ et
VT RSB O TR BT Tl B I DB D46 z}“ﬁ
Beo IEBuRENC A L ¢ nomal 55 IChD S
HBLBHEENCED, COFLD fvf%@;s
T g e R
IRZEB L CRIPRZEING & 1oF ¢ sigmoid kAR
SR O MFIIC X 5 TR SIS R E2,

X e ceee(1)
(Y- JETAS probit, Xoo -, an-- RIE)

ANOWALE BRI e L FCTH 2T, &
udlen-Y X log-X ofiibiE@iRobhs o 25
FTEOTHD, VWEIOMESRLCEE THHNE
5, table 1 ofkilc o DFRE HTEDTERIL
THE G o log¥ 2logX ofH% HA Lot Fig.
OB GHBAL TIUS X B ¥\ SH oM 0B

B LTI OCTEREERESS D 5HIL5,

4 ) R

05
ﬂffnxjjo)%‘%\: %VJ}’&%\““C‘ FNDH T :
)_;"a,‘g‘.l;\, L 2 O ARSI Lo
‘ Fig. 3

T -HCN nlgu]'.ﬂ (q: "“mg/g) x

DESy (P:-- Hg, mm)’ P:Dfrf ko
L UE TS AR S U
S i

i , g=kpn

i

u-#L'i\t B 5 Fleundhch @[lu}iﬂ‘&m.ﬂ; (Adsm pt-

on Tsotherm) HLTLOILTV B LD e

LTl s, bk ol L LA 2§~

Bz CoRE Sk b D THHH, T hE

‘"1[”03 wnlhll)j’é'jft) [ ‘D,E{¥ZJ“‘J sf§ﬁl.7 g i

e %\—’C\r‘i&'iﬁ‘“f"@&)%lﬂ]ﬁt%@ﬁﬂ’@%ﬂ)[ v

)

e
409 IR g 2;6

Liogx

Application of regression equqtmn Y=='1X for relat 0

ion between concentration (X))’ and mortahty dn- o
probits .(Y). at different. exposure t1meq (3, J,R 12,
16,24. and 4“3 hours) :

2L ThDe Tlobb, JETEY pmbxt

HITIR BT, ‘

* R U’ 5 f(‘ F;II'WU}SC(Absorptl n) & LA A b!‘)

75 (Sorption) &-42%7CH 2% 5,

MPUDLLOTHAE D EFTnd, :
SR E DR W IR R LT EN B

TLZOMERFRILT L LM BN T WD, %

C L REME P @Lﬂﬁkﬁ*}}ﬁ’ﬁ*ﬁ.?ﬂvfﬂ; nﬁam*’
. 71’7?‘:?’\.?;?1,%:2:@’)0 -

ok Clark €0 13 R E-FE a8 i —»1@%«%%]{‘

R OTH B R BRI e

c




Bom

AoS
’},-.

#5015 o

Table 3. Statistical test for egreement of data in table 1 with equation (1) by the
ana'ysis of covariance (level of mgmﬁmnce, 0.05)

]‘xposu e Variation Sum of '| Degt * k
F grees of Mean - ; 3
’1111_?0:’ in Due to Squares Freedom Square Equatton. :
ours _ . S e o i . S
Regression term | (0.0842041 1 00842941 | Y =0.02128 X¥
5 Residual 0.0047119 5 10.0000420
Total 0.0890060 6 Fy=89.48) F=16.26
Reg ession term | 01048924 | - 1 01048924 | Y =0.02081 X473
5 Residual 0.0093195 4 0.00132908 ) :
Total 0.1102119 5 | Fy=T78.87 F=21.90
Regression term | 02274180 | 1 02074180 | Y =0.02633 X830
‘ Res'dual 0.0038387 6 00009730 ~
- Total 0.2332567 7 Fo=23373) F=13.74 .
Regression term | O.UI67801 | 1 0.1167801 | Y =0.04248 X1
12 Residual 0.0025727 6 0.0004238- L
Total 01193598 7 0=272.34) F=13.74
) Regression term | 0.1560351 1 01660351 | Y =0.06849 X'¥*7
16 Residlual 0.0336136 7 0.0048019 ‘
Total - 0.1806487 8 Fo=3240) F=12.25
Regression term | 0.891838 1 | 02891888 | Y=0. 11646 x40
o Residual 0.0055647 | . 14 0.0003974 | -
) Total 0204753 | 15 F=727.705 F =8.80
Repression’ term | 1887362 [ = 01887802 | Y=024818 X205
45 | Residual 00021548 | 8 00002603 -
Total - 01908910 | 9 Fo=700:83) F =11.26
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Résumé

Usually, the dosagc—-mo1t111ty relation is repr~
esented by a sigmoid curve, which is interpreted
as the cumulative character of thz individuat vas' :
O'Kang &

" others,#) Gaddum® and Hemmingsen® have cal-"

led 'attention to the possibilities of the pfobabi-;;
lity transfomation of this curve and. Bligst™-12
has developzd 'this method. Bliss has found out :
the fact that ih many cases the form ‘of ‘this cu«
rve is asymmetucal and. he aought 'm explanatmn
of this fact to the asymmetry in the mode ‘of to~"
xic action ar the Jogarithmic nature of the mode E
of -action. Accordingly, the curve: becomes sym-‘
mgtrical by the transformation of concentrations
to logarithms and it turns into Iineﬁr form by

~ the tranaformation of mortality ih percantages to o

probability units,'or “probit”. In seﬁeral sets of l
the published’ data,however, the log-probit trans- .
formatioh of the dosas ve-—mo1ta11ty curve has . not: i

been always valid, namely the predicted regresst

‘line is often interproted as two'or three separate
" straight lines breaking at different parts of the

curve, Utida & Harukawa, 4D Harukawa & Tok~ .
unaga,® Kono, and Saito™ have reported in
the expeiimént of the fumigants that the dosage- .
miortality ~curve can be 1nterpreted as a. smgle,;_;

- stmxght line by using the dosage itself, rather than

usmg the logarithmic transfurmatlon of it. Tt is & i

" failure certainly in the method of logarlthmm

transformation as a mathematical device, for thérf: ;
is some of: the departure of points from . the ‘sti=
aight "liﬁe‘the range of the lower dosages,

Expériments were planed by thei‘pr‘esent auth= "
ofé;to verify the questions aboVé discussed, vuth
special reference to the form of the ‘dosage—moj |

“ rtality curve, Using the adult of, thé rice weevil,

Calandra o;yzae T ‘the’ fumlg'xllon “was madé
with ‘the -carbon dlsulﬁde at dlfferent times of“
exposure. (3,5, 8,12 1(}, 24, and 48 hours) under‘;
constant L,ondxt;on of 30°C Dat’x of the otpcrt?f;j

- ment in’ concentratma~1norta11ty 1elat1cm forteach

r,xp:)'aure hour j is shown in table I At a ;,lunce'

,
L
§
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scem to be shown approximately a linear relation

when concentrations are plotted

scale or are plotted in

in either case,
directly in an arithmetic ‘
test of linearity of the
test,

Jogarithmic scale. By the
regression curve by using’ 12 however, it is
mu)gmzed that all of the
rations are not sxrrniflcantly the li-ear relation,
with two exceptions; viz, the curves for 8and 12
hours (tablle 2By,
to curve upw‘ud at the range of the lowcr do-
sages,especmlly in the curves for the concentrat—

" ion inoriginal ‘units, the regression lines for lo~

_nger fumigation are linear Qiqnifi'c'mtly,bi.lt those
for shorter time of funugatlon (3,0,and & houls)
are not so-(table 2 ‘A).
rithmic, or arithmetic function “of concentrations

Thcrcfole, neither Ioga—

satisfies the‘ linearity ' of the regression curve for
all, cases, ‘Evidehtly,(here‘ is a contradiction that
changes the‘normality in curve by the ‘time: of
€XPOSUKE. ¢ o

The theory that the toxic action is closely co-
nnected- with ‘the “adsorption” leads guthors to
apﬁly ‘the formula.of_’ads‘orptior‘l' to the - present
aXn,, hias been
‘ frequeqtly used as 1'eﬁ1'e$enting, the adsorl:;tion.

casé. An exponential function, Y=

The regression equaton Y =aX is teied, ‘where
‘Y is the rnmtahty in problts, X is the concentration,
~'dand n are constant:. Aq’qordmgly. the relation
between log-Y and log-X'should be expected to
follow a straight. line, when the theory is reaso-
nable (I‘xg 3).' In éach case of exposure times, it .

is:shown by the analysis of covatiance that the

curves in Iog -concent- .

And, there is a slight tendency .

9015 8]

theoretical one. It is usually claimed by some ‘
investigators that a definite point of the “thres-
‘hold concentration” which h}aarts from ' the zero
point exists, IHowever, this observed fact can not-

be represented by this equation. - From the g~ .

T “aphical 'malym of the wsult 1eprescnted in I‘lg

.observed ‘values. are fitted significantly ‘to - the ;

" “adsorption isotherm”

1, we can suppose a themetxcal xelatzon as showu
in Fig 4.
ntial curves that seems to be like the so-called

Namely, these curves-are thc expone-

and these start from a
“Thus, all of -the

regression line transformed in probit are only a

common point A on Y-axis.
part of those curves asshown by solid line in
Fig. 4. |
the following equation is '\ppllc‘lblc to the obta1n-,
ed data., ‘ k

From this hypothetical consideration,

Y = a X —b. o
A value of constant ‘b is obtained 2.5, apptoxxm-— :
ately. The straight hncs by whlch me expected the.

rectilinear - relation - between Iog (Y+Z.5) and

Jog-X, are plotted for each Qf the different ex~ . '

posure time  (Fig.5).. In all of the cfise's, the

arzreement between the obsex‘v’xtmns aqd the cas

mplt d regression curves - ig s1gmf1cant by using "
- thc statmncal test,as shown in table 4. ‘
Gevelal consxderanons based upon the above e

miathematical smatysm lead authors to 1he follow-_ ;f
(1) the mortahty dxstubut:ons
normally for an cwcponentml function of concent- ‘
ration ‘which seems to comcspond te the qu’lntlty::-": :

ing conclusions:

of adsorptlon of chemicals, (2). thete is apparent—" b

ly a threshold concentratlon whu:h dlffers fmm‘

zero -point. . R “:‘fgw
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