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ABSTRACT

Zitko, V. 1982. LETCUR, the lethality curve program. Can. Tech. Rep. Fish. Aquat. Sci. 1134, iii + 10 P

A BASIC program {s described to express LT50 {time to 50% mortality) as a three-parameter (KZ, A, B)
function of texicant concentration (CW): LT50 = ~In (A-B/CW)/K2. A calculator program, published previously,
Is documented to facilitate tts portablility.

Key wordn: aquatic toxleology, acute toxicity, computer program

RESUME

Zitko, V. 1982. LETCUR, the lethality curve program. Can. Tech. Rep. Fish. Aquat. Sci. 1134, iii + 10 p-

L.e présent rapport contient la description d'un programme BASIC permettant d'exprimer le TL50 {temps
requis pour 507 de mortalité) comme fonction & trols paramdtres (K2, A, B) de la concentration du toxique
(CW) : TL50 = ~1ln (A~B/CW)/K2. Une référence 3 un programme machine déjd publié en facilitera la

portabilité.



INTRODUCTION

Lethality curves, graphs of time te LTS50
plotted vs G4, are used widely in aquatic
toxicology. They present graphically the “dose~
mortality” relationship and are extrapolated
frequently to estimate the incipient lethal level
(lethality threshold).

The function
LTS0 = ~In (A-B/CW)/K2

has been suggested for the lethality curve {(Zitko
1979). This suggestion was based on the one-
compartment model of wuptake of chemicals.

Expressing the lethality curve in this
manner has several advantages over the usual
plotting and storage of the graphs. The data are
condensed into three parameters and may be stored
readfly in a data hase. Comparison of the values
of the parameters for a number of chemicals may
Lead to the development of structure/lethality
relationships,  Such comparlsons are practically
Imponsible or are ot hest only gqualitative, when
baned on s visual comparison of graphs. 1In
addition, inciplent lethal levels are given
conslutently by the ratio A/B. Finding the
values of the three parameters ls stralghtforward
but time-consuming, since it involves searching
for a walue of K2 which yields correlation
coefficient R = ~0.9 between EXPF{-~K2*LT50) and
i/6W. Yor each selected value of KZ, linear
regression must be calculated to obtain the
correaponding values of the parameters A and B.

The original paper (Zitko 1979) contains a
program to perform the calculations on the HP29C
programmable calculator. The program has not
been documented and, since the HP29C is no longer
a common calculator, the transfer of the program
to other calculators presents problems. A
detatled documentation is glven iIn this report to
make the program easy to lmplement on any
programmable calculator.

The maln part of this report contains
documentatlion of the program LETCUR, written in
HP Terminal BASIC. The program calculates values
of .the three paramelors and plots the lethality
curve as wells  The parameter calculation part s
readily transferable to any computer with a
reasonably "standard” BASIC interpreter. On the
other hand, the plotting part may require
considerable rewriting, although the algorithms,
such as those for plotting logarithmic scales and
data scaling, are generally applicable.

LETCUR also contains a “convenlence” routine
for the calculation of mean concentration of the
texicant if, as is the case in most static
experiments, the concentration decreases
exponentially with time. The routine also
provides for the ususl practice of changing the
toxlcant solution at 48 h of exposure.

PROGRAM 1ETCUR

In the attached listing, the calculation of
the parameters K2, A, and B is performed by
statements 100-765 and 3000-3150, the latter

-1

containing the linear regression subroutine. A4
major part of the listing (statements 770-1380)
deals with plotting the lethality curve.
Statements 4500-5010 are used optionally to
calculate the mean concentration of the toxicant
and to display the concentration vs time curve.

The arrays dimensioned in statement 100 are
used as follows: C{(20) toxicant concentrations,
T(20) LTS50"s, G(20) calculated LTS0's, Z(20)
scaled logarithms of toxicant concentrations,
D(20) logarithms of LT50's. The arrays may be
expanded, but there are seldom more than 20
points in lethaliiy tests.

Concentration wnits should be chosen so that
the values are>l. This is because of the
plotting format used. For the same reason,
experimental data must be entered in decreasing
order of concentration. In autoscaling
(statements 845~960) the program assumes that the
first and last toxicant concentration entered are
the highest and the lowest, respectively.

The search for the optimum value of K2 1s
performed In three stages: First (statements
205=300) a preliminary value is found, which
glves a correlation coefficient Rex —0.9. Then
{statements 320~435) the interval containing the
optimum value is obtained. Finally (statements
460-640) the interval is narrowed to within 1% of
the optimum X2 value. The whole algorithm is a
generally applicable “"one~dimensional”
optimization. A comvenlent starting value of K2
is usually K2 = 1, but there is the option for
the user to start with any value (statement 210).
On completion of the optimization, values of the
parameters K2, A and B, table of toxicant
concentrations, experimental and calculated
LT50%s, and the incipient lethal level are
printed {statements 645-765). The linear
regression used during the optimization
(statements 3000~3150) uses EXP(~K2#LT30) as the
dependent and 1/CW as the independent variable.
The calculations are routine otherwise.

In preparation for plotting, the program
first determines whether the incipient lethal
level 1s too close to the Y—axis and, 1f it is,
the X~axis will be scaled to shift the incipient
lethal level to the right. The variable G
{statements 774 and 776) is the flag. PRINT
CHRS(141) means "clear screen” (statement 800).
Logarithms of experimental LT50's and toxicant
concentrations are calculated. At the same time,
the former are shifted to start from 0 {log 1;
statements 810-840, see also 960). Next, the
numbers of logarithmic cycles needed on the axes
{¥M on the X-axis, N on the Y-axis) are determined
(statements 845-960). The loops in statements
970~1210 draw the "ticks” on the axes. This is a
generally useful algorithm for plots in
logarithmic coordinates.

Printing labels and scales (statements
1212-1241) completes the preparation of the graph
format. The flag Q9 indicates when the shortest
LT50 is less than 10 h, and the Y-—axis is shifted
accordingly. Experimental points are plotted by
statements 1232-1260. Following this, the
incipient lethal level line is drawn and labeled
(statements 1266~1296). Finally, the calculated
lethality curve is plotted (statements 1298-1320)
and the graph is labeled by the name of the



compound, iIncipient lethal level, and the
equation of the lethality curve (statements
1321~13283.

The described automatic graph formatting and
plotting routine worked well in all of our
applications. However, such automated routines
tend to run Into problems in some unusual or
unanticipated applications. Statements 4000-4030
mean “asslgn source to graphics”, "assign
destination to plotter (HP-IB#6)", and “transfer
file”, respectively. Thelr executlon resultsg in
copying the graphics display on the plotter. The
Tisting s concluded by the optlonal routine
caleulating mean concentration of the toxicant.
The valculation assumes that the concentration
decreases exponentially with time. To check the
valildity of this assumption, the concentrations
are plotted against time for a visual check., It
is also possible to use only selected points for
the calculation. The parameters “slope” (M) and
“intercept” (C) are determined by linear
regression on the linearized function In(CW) =
MT+(. The concentrations should be entered
relative to concentration at time t = O
(statements 4500-4820). The subroutines starting
in statements 4920 and 4980 draw the points and
the caleulated curve, respectively.

Statements 4840~4890 caleulate the mean
concentration. This depends on the length of
exposure, that 1s on the LT30 at a glven
concentration and 1s calculated from the formula:

LT50
f EXP (~M*r)*dt

CW,
b o

W 1/LT50 % Cp *

where (Mav = mean concentration,
i
Co = nominal goncentration multiplied
by intercept,

M o= slope.

The calculation assumes that the toxicant
solution is changed at 48 h. Accordingly, for
LT50=<C48 h the calculation proceeds as outlined,
but for LT50>48 h the concentration is averaged
to 48 h (statement 4872), another mean is
calculated for the exposure time in the new
toxicant solution (statement 4873) and these two
means are averaged again (statement 4874)., If
the experiment was carried out for longer than
48 4 without selution change then statement 4865
must be modified. A modification would also be
required for solution changes taking place at
shorter tlme intervals.

After completion of these calculations, the
program proceeds to fit the lethality curve
{statement 4910). There is no provision for
sending the (W vs time graph to the plotter. If
desired, this operation may be easily
accomplished manually.

LETCUR ON HP29C

The documentation below is largely
self-explanatory. The calculation proceeds in
much the same way as In LETCUR except that the K2
search {s done manually and the optimization is
left completely to the judgment of the user.
Also, mean toxicant concentrations are not
caleulated and must be entered by the user. The

program consists of five subroutines {called
labels, LBL). Some are used internally by the
program, others are selected by the user. LBLO
is used to enter data. The parameter search is
performed by LBL! which calls LBL2 and LBL3.
Values of LT50 for given (W and fitted parameters
K2, A, and B are calculated by LBLY9. Great care
must be exercised in proper calculator
initialization for the variocus operations.
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First step in the calculation ig to estimate K2,

6 good K2 wvalue vields a correlation coafficient <-0.9 and

the abzolute valus of B iz ususlly 2t saxisum.
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LBLY is a general regression calculation and may be used
for other gurposes ag well, Just make certain that the
ggggistiaa ragigters contain the desired walues and depress



