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Time-to-event analyses of ecotoxicity data
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Intensity and duration of exposure dictate the effect of a toxicant. Consequently, any assessment of
ecological risk that does not include a sound understanding of both concentration and duration effects
is compromised. This being the case, it i1s surprising that the predominant approach in ecotoxicology
(concentration-effect modeling) inefficiently includes exposure duration. Ecological risk assessment
can be enhanced with time-to-event models that can easily include concentration, exposure duration,
and other important covariates. Time-to-event methods are described and linkage made to relevant
ecological techniques, i.e. life table analyses and genetic selection models.
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Introduction

Both intensity (dose or concentration) and exposure duration determine a toxicant’s
effect. If either is increased, the probability of a toxicant molecule interacting adversely
with an active receptor site increases. It follows that any assessment of ecological risk is
compromised without full consideration of toxicant concentration and exposure duration.
To this end, concentration-effect methods have been applied for different durations
notionally reflecting ‘acute’ or ‘chronic’ time scales. This provides a gross understanding
of changes in effect at different durations. Alternatively, a measure of effect based on
concentration-effect methods such as the LC50 (‘lethal concentration’ of the test
chemical for 50% of the organisms tested) may be calculated for a series of times and an
empirical relationship generated. One data set may be used to estimate LCS50 values at
different times during an exposure; however, data quality is often compromised at some
time intervals. There may be no mortality at low concentrations early in the exposure and
complete mortality at higher concentrations toward the end of the experiment. This can
be avoided by using different concentration ranges in separate tests varying in duration.
This second approach avoids diminished data quality but requires more time, expense
and organisms.

Widespread use of these approaches to include duration and intensity of exposure
stems more from our bias toward concentration-effect methods than from objective
method selection. Time-to-event (survival time, failure time, time-to-failure, resistance
time, time-response) methods are more appropriate but remain under-utilized (Sprague,
1969; Dixon and Newman, 1991; Newman and Aplin, 1992; Newman, 1995). With
time-to-event techniques, the times to respond (e.g. durations of exposure prior to
dying) are noted for all individuals instead of the proportion of all exposed individuals
responding by the end of the exposure period. Time-to-event models incorporating
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