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Abstract

The value of time-dependent toxicity (TDT) data in predicting mixture toxicity was examined.
Single chemical (A and B) and mixture (A + B) toxicity tests using Microtox® were conducted
with inhibition of bioluminescence (Vibrio fischeri) being quantified after 15, 30 and 45-min of
exposure. Single chemical and mixture tests for 25 sham (A1:Ay) and 125 true (A:B) combinations
had a minimum of seven duplicated concentrations with a duplicated control treatment for each
test. Concentration/response (x/y) data were fitted to sigmoid curves using the five-parameter
logistic minus one parameter (5PL-1P) function, from which slope, EC,s5, ECgg, EC75, asymmetry,
maximum effect, and r2 values were obtained for each chemical and mixture at each exposure
duration. Toxicity data were used to calculate percentage-based TDT values for each individual
chemical and mixture of each combination. Predicted TDT values for each mixture were
calculated by averaging the TDT values of the individual components and regressed against the
observed TDT values obtained in testing, resulting in strong correlations for both sham (r2 =
0.989, n = 25) and true mixtures (r2 = 0.944, n = 125). Additionally, regression analyses
confirmed that observed mixture TDT values calculated for the 50% effect level were somewnhat
better correlated with predicted mixture TDT values than at the 25 and 75% effect levels. Single
chemical and mixture TDT values were classified into five levels in order to discern trends. The
results suggested that the ability to predict mixture TDT by averaging the TDT of the single agents
was modestly reduced when one agent of the combination had a positive TDT value and the other
had a minimal or negative TDT value.
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1. Introduction

Recent mixture toxicity research has been wide-ranging. Such research has included in vitro
and in vivo studies (Boyd et al., 2013; Cedergreen et al., 2012; Coors et al., 2012), toxicity
assessment using combined effects models (Crépet et al., 2013; Hertzberg et al., 2013;
Moser et al., 2012; Rider et al., 2008; Webster, 2013), evaluating stressor impacts
environmentally (Allan et al., 2012; Florian et al., 2013; Lgkke 2010), risk assessment
studies (Johnson et al., 2013; Lgkke et al., 2013; Meek, 2013; Moore and Teed, 2013) and
examining chemical reactivity within complex mixtures (Goel et al., 2013). Although the
specifics of such research vary, the common goal is improving the ability to predict the
effects of exposure to chemical mixtures.

The Microtox® acute test utilizes bioluminescence in the marine bacterium Vibrio fischeri to
assess the toxicity of organic chemicals, effluents, and chemical mixtures. When at a
sufficient concentration, toxicants will inhibit bioluminescence, which is read by a calibrated
light meter, and the effect is determined relative to light emitted by the control samples.
Since reduced bioluminescence can be the result of inhibition of bacterial metabolism,
bacterial death, or both, it is effective for evaluating reversible and irreversible toxic effects
that may be caused by a single toxicant or mixture of chemicals. The system allows the
operator to read light levels for all vials prior to, during and at the end of chemical exposure.

The toxicity of a given chemical or chemical mixture to a living organism may increase,
decrease, or remain the same over exposure time; any such change is referred to as time-
dependent toxicity (TDT). With Microtox® one can determine effects of a chemical on
bacterial luminescence at up to three exposure times to observe such changes in toxicity.
Those changes can be quantified and converted to a percentage basis to allow for
comparison.

Log-linear plots of concentration/response (x/y) data collected over multiple exposure times
allow one to visualize the magnitude of toxicity change for a given chemical (e.g., Dawson
etal., 2011 -Fig. 2). In such plots a high level of TDT (e.g., 80%) shows that the
concentration-response curve for a longer exposure duration is left-shifted from that of a
shorter one. With a lower TDT level (e.g., 30%), while there is still a left-shift for the longer
duration curve vs. the shorter one, the curves will be closer together. A chemical with no
change in toxicity over exposure time (e.g., TDT = 0%) has x/y curves for the longer and
shorter exposures that overlap. Chemicals with negative TDT values show reduced toxicity
(i.e., some recovery) with increased exposure time, resulting in the curve for a longer
exposure duration being slightly right-shifted from the shorter duration curve.

Initial examination of chemical mixture toxicity using Microtox®, as conducted herein,
included a chemical reactivity perspective developed from results of work by Schultz et al.
(2005). The initial study highlighted the importance of assessing changes in toxicity over
exposure time (Dawson et al., 2006). Subsequent mixture studies evaluated TDT and
mixture toxicity for: (a) selected soft electrophiles with a non-reactive chemical (Gagan et
al., 2007), (b) Michael acceptors with varying levels of electro(nucleo) philic reactivity
(Dawson et al., 2008), and (c) chemicals reactive by the bimolecular nucleophilic
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substitution (SN2) mechanism (Dawson et al., 2010, 2011, 2014). Chemical selection in
these studies considered relative reactivity levels (e.g., very fast to very slow or no
reactivity) and TDT in order to assess combined effects against the dose-addition (e.g., Chen
et al., 2001) and independence (Bliss, 1939) models of combined effects. These studies were
conducted to examine whether the actual mixture toxicity observed (e.g., greater-than dose-
additive, dose-additive, less-than dose-additive) might be related to the agents having
common or different reaction mechanisms, such as Michael addition, aliphatic substitution,
aromatic substitution, or to a lack of reactivity. To date no clear mixture toxicity patterns
have emerged from these studies, perhaps in part due to some chemicals having reversible
toxicity at lower concentrations and irreversible toxicity at higher concentrations and/or to
some chemicals being more rapidly reactive than others.

One feature of these studies, though, was the finding that the x/y data were well-fitted by a
logistic function that incorporated four parameters: slope, asymmetry, ECsg and maximum
effect. This approach involved modifying a 5-parameter logistic function by removing the
minimum effect parameter. Therefore, this curve-fitting technique was referred to as the
five-parameter logistic minus one parameter (5PL-1P) function (Dawson et al., 2012). The
study showed that the 5PL-1P function typically gave improved fitting of x/y data vs. the
standard four-parameter logistic function (which employed the minimum effect parameter
but not the asymmetry parameter) and suggested that changes in slope, asymmetry, and
toxicity over exposure time could be useful in predicting mixture toxicity.

A second feature of this Microtox® research was the testing of sham combinations. In
mixture toxicity, a sham combination is defined as a test in which two separate stock
solutions of a single chemical are tested as a mixture. This was done to assess whether the
“sham mixture” would cause toxicity consistent with that predicted by the dose-addition
model of combined effect (e.g., Dawson et al., 2010). In dose-addition the toxic effect can
be predicted based simply on the level of increase in the dose applied. When a sham
combination produces a dose-additive combined effect at both shorter and longer exposure
durations, one can hypothesize that the TDT of the “mixture” should be about the average of
the TDT values of the individual “components”. By extension then, it can be suggested that
the same might hold for a “true” mixture showing dose-addition. If that is the case, then
other questions arise, such as would this also be expected for: (1) a mixture that was not
dose-additive and (2) a mixture in which one component had large changes in toxicity over
time while the other component had minimal change in TDT or showed some recovery from
the toxic effects (i.e., negative TDT)?

Therefore, in this report the data from published (Dawson et al., 2006, 2008, 2010, 2011,
2014; Gagan et al., 2007) and unpublished Microtox® mixture toxicity experiments were
compiled solely to assess the potential value of TDT determinations in predicting mixture
toxicity. While combined effects were determined for all the combinations evaluated in this
study, those results were not included herein because they were outside the scope of this
paper. The specific question addressed in this study was: can TDT of binary mixtures (A +
B) be well-predicted by averaging the individual TDT values of the mixture components,
i.e.,, Aand B?
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2. Materials and methods

2.1. Chemicals and reagents

Chemicals selected for toxicity testing (Table 1) were obtained from Sigma—Aldrich
(Milwaukee, W1) at 95% to 99+% purity and used as received. Microtox® supplies (bacterial
reagent, reconstitution solution and diluent) were obtained from Modern Water, Inc. (New
Castle, DE).

2.2. Toxicity testing

A Microtox® 500 analyzer was used to determine inhibition of bioluminescence in the
marine bacterium Vibrio fischeri following established procedures (Dawson et al., 2014).
The experimental protocol used herein defines an experiment as consisting of three toxicity
tests: chemical A-alone (A), chemical B-alone (B) and a mixture test (A + B). Some
experiments were designed to be “sham” experiments, in which a single chemical was tested
twice singly, from two separate preparations (A and Ay), and as a “mixture” (A1 +Ay).

Generally for an A + B combination, the chemical designated A had greater toxic potency
than B, but this could vary due to differing levels of time-dependent toxicity of the
individual chemicals over exposure time. Concentration selection for each agent, made
based on results of preliminary testing, was intended to obtain an approximately equitoxic
potency ratio (i.e., 1:1) after 30-min of exposure.

While seven, eight or nine concentrations were tested among the experiments reported
herein; within an experiment each test always had the same number of duplicated
concentrations and a duplicated control treatment. Concentrations tested were nominal,
density corrected and prepared via serial dilution. Within an experiment a single dilution
factor was used; being one of the following: 1.6, 1.75, 1.867 or 2.0. The dilution factor was
selected to most effectively calculate ECos5, ECs and ECy5 values, based on preliminary test
results. The ECgq is the half-maximal effective concentration. The EC,5 and ECy5 are the
one-quarter and three-quarters-maximal effective concentrations, respectively. Initial light
readings were taken before chemical exposure. During exposure, readings were taken at 15,
30 and 45-min. Microtox® Omni software automatically calculated % effect values for each
concentration replicate at each exposure duration.

2.3. Curve fitting

With three exposure durations, each experiment produced nine concentration-response (x/y)
curves (i.e., three each for A, B and A + B). These data were input to SigmaPlot® (v. 11.0;
Systat Software, Chicago, IL) and fitted to sigmoid curves using the 5PL-1P function
described previously (Dawson et al., 2012). This approach utilized four parameters: ECsg,
slope, maximum effect and asymmetry; the minimum effect parameter had been removed
from the original 5PL function within the software.

Curve fitting was performed using:

y=max + [1 + (xb + x)slore]s
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wherein y = % effect, max = maximum effect, X = concentration, s= asymmetry. The
variable xb was determined using:

xb = ECgox 10[(1#slope)xlog(2(1+9)-1)]

Initial parameters for regressions were automatically estimated while employing three
constraints: (a) EC50>0; (b) 0.1<s<10; and (c) max < 100. For any given test, when the
initially calculated maximum effect values at 15,30 and 45-min differed by more than 2.5%,
the mean of those maximum effect values was used as the constraint for max, thereby giving
consistency in calculating TDT values (see below). For all single-chemical x/y data, ECs,
ECsq, ECys5, slope, asymmetry and maximum effect values were calculated for each
exposure duration. The quality of data fitting to the 5PL-1P function was assessed by
calculating the coefficient of determination (r2).

For mixture x/y data, concentrations of chemical B were converted to concentration
equivalents of chemical A. The conversion factor used to calculate those equivalent
concentrations was determined by dividing the concentration of chemical A by the
concentration of chemical B (Dawson et al., 2010). This permitted the total chemical
concentration of the mixture to be made relative to those of chemical A alone, while
allowing the plot of the mixture curve, at a given exposure duration, to be shown along with
the actual concentrations used for chemical A and chemical B individually. The same curve-
fitting methods used for the individual chemicals were used for the mixture tests.

2.4. Calculation of TDT values

Calculations of TDT values quantified changes in toxicity over exposure time. Such
calculations can be made using data from any exposure time series for which toxicity has
been determined and at any effect levels selected. In this study, owing to toxicity
measurements being taken at 15, 30 and 45min of exposure and to toxicity being calculated
at the 25%, 50% and 75% effect levels, a variety of TDT values were calculated. In essence
the TDT values calculated formed a 3 by 3 matrix across exposure time series (15-30, 30—
45, 15-45 min) and effect level (25%, 50%, 75%). Calculation of the various TDT values
was based on the rationale and approach developed by Haber (1924) using the methodology
described below.

Since toxicity was measured at three exposure durations, it was possible to calculate TDT
values for each of three time series: (1) 15-30 min, (2) 30-45 min and (3) 15-45 min, when
employing the appropriate time factor for the time series being assessed (Gagan et al., 2007).
Three time factors were needed, one for each time series. These factors were calculated by
dividing the difference between the later time (t,) and earlier time (t1) by t,. Hence, the
factor for the 15-30 min series was 15/30 or 0.5, the factor for 30-45 min series was 15/45
or 0.333, and the factor for the 15-45 min series was 30/45 or 0.667.

The following set of equations was then used to calculate TDT:
d= ECx, ~ ECx,

e=d+ (ECyy X fiy:tp)
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TDT =ex 100

in which ECy is the effect level, t, is the later time of the exposure time series, t; is the
earlier time of that time series, and f+, ., is the appropriate factor (see above) for the time
series under consideration. Using the 50% effect level for the 15-45 min time series to
exemplify the TDT calculation process, the steps were: (a) subtraction of the 45-min ECsg
from the 15-min ECsg; (b) dividing that difference by the product of the 15-min ECsg value
and 0.667; and (c) multiplying that quotient by 100 to put it on a percentage basis. Hence,
for a hypothetical chemical with a 15-min ECsg of 15 mg/L and a 45-min ECsq of 5 mg/L,
the TDT at 50% effect for the 15-45 time series was 100%, as shown:

a. 15mg/L -5 mg/L =10 mg/L
b. 10 mg/L + (15 mg/L x 0.667 = 1)
c. 1x100=100%

Values for TDT,5 and TDT75 were calculated similarly using the respective time factor
values (noted above) and EC25 or ECy5 data, respectively.

Four sets of TDT values are reported herein: (1) the mean TDTq5_45 values, which were
calculated by adding the values at the 25%, 50% and 75% effect levels for the 15-45 min
time series and taking the average, and the: (2) mean TDTs, (3) mean TDTgg, and (4) mean
TDTy5 values. In each of the latter three cases these were calculated by averaging the
TDT15_30, TDT30_45, and TDTq5_45 values at the appropriate effect level. Note that for
simplicity and readability throughout, that mean TDT15_45 values are referred to simply as
mean TDT, whereas the mean TDTys, mean TDTsp and mean TDT5 values are referred to
as TDTys, TDT5g and TDTy5 values, respectively.

For each experiment, mean TDT values for A and B were averaged to obtain a predicted
mixture mean TDT value. Linear regression analyses were then conducted to evaluate
predicted mixture mean TDT values against those obtained experimentally (i.e., observed
mixture mean TDT values). Separate regressions were run for the 25 sham (A;+Ay) and 125
true (A + B) combinations.

Likewise, separate regressions of predicted vs. observed TDT were performed for the
TDT>s, TDT5p, and TDT75 data; again considering sham and true mixtures separately.

As a quality control measure, test-to-test variability of TDT values was assessed on
individual chemicals for which at least five separate tests had been conducted. Mean,
standard error, and 95% confidence intervals for those TDT values were determined.

2.5. TDT classification

After determining mean TDT values for A, B and A + B in each experiment, those values
were grouped into one of five TDT classes: (a) full (TDT > 100%), (b) high (TDT = 70—
100%), (c) moderate (TDT = 30-69%), (d) low (TDT = 0-29%), or () negative (TDT <
0%).
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3.1. Logistic curve-fitting

3.2.TDT

For all experiments, the 5PL-1P function was used for initial fitting of x/y data, with the
quality of fitting being assessed by the r2 value for each test (A, B, A + B) at each exposure
duration (15, 30, 45-min). For all x/y curves, whether single chemical or mixture or whether
part of a sham or true combination, the r2 values are independent of each other. Overall,
98.5% of r2 values were >0.9900 and 92.4% were >0.9950. Fully 40% (540/1350) of x/y
curves had an r2 of 0.9990 or higher with 5PL-1P fitting. The overall mean r? (+s.d.) was
0.9980 (+0.0022) and the median value was 0.9988 (Table 2). The mean r2 values were not
normally distributed, as they could fall much farther below the mean than they could rise
above it. Therefore, the Kruskal-Wallis One Way Analysis of Variance on Ranks test was
used to determine significance across median values, for each exposure duration. For A, B
and A + B, the median r2 values were not statistically different from each other at any
common exposure duration (Table 2).

As noted above, toxicity that changes over time is time-dependent toxicity. Log-linear plots
of x/y data collected over multiple exposure times allow one to visualize the magnitude of
toxicity change for a given chemical. For example, in Fig. 1 typical x/y curves derived from
the 5PL-1P function were compared for two chemicals, bromoacetonitrile (BRAN) and 3-
chloro-2-butanone (3C2B). The 15, 30 and 45-min curves for BRAN showed greater
separation than those for 3C2B; with the curves for the longer exposure durations being left-
shifted from the 15-min curve. Differences in separation of the 15- and 45-min curves were
quantified as a higher TDT value for BRAN (106%) than for 3C2B (67%).

3.3. Mixture toxicity - regression of observed TDT vs. predicted TDT

In this study, both sham (A; +Ay) and true (A + B) combinations were evaluated and mean
TDT values for each single chemical and mixture test were determined (Tables 3 and 4).
Separate linear regressions of predicted mixture mean TDT vs. observed mixture mean TDT
values for both sham and true mixtures resulted in r2 values of 0.989 and 0.944, respectively
(Table 5, rows 1 and 2; Fig. 2a, b). In addition to the regressions, separate linear regressions
(predicted TDT vs. observed TDT) were performed on the TDTy5, TDT50 and TDTy5
values; with the sham and true mixtures being analyzed separately. The best correlations
were obtained for TDTsg (sham = 0.988, true = 0.950; Table 5, rows 10 and 11). Respective
comparisons of predicted vs. observed TDT for TDT,5 (Table 5, rows 6 and 7) and TDTy5
(Table 5, rows 14 and 15) values showed somewnhat lower r? values.

Consistency of mean TDT values among chemicals for which at least five separate tests had
been conducted (n = 24) resulted in standard error values ranging from £0.3 to £7.7 (mean =
2.0; median = 1.6) and 95% confidence intervals between +0.7% and £17.1% (mean =
4.7%; median = 3.6%) (Table 6).
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3.4. TDT classification

Single chemical mean TDT values obtained for each of the sham and true combinations
were separated into five classes: mean TDT: (a) >100% or full TDT, (b) 70-100% or high
TDT, (c) 30-69% or moderate TDT, (d) 0-29% or low TDT, and (e) <0% or negative TDT.
For the mixtures, a comparison of the mean deviation (%) of observed TDT vs. predicted
TDT by TDT level, separated by sham and true combinations, showed that the larger
average deviations tended to be associated with chemicals that had mean TDT values that
were the furthest apart, e.g., a chemical having full TDT being paired with a chemical
having low TDT, and, especially, when a chemical with a positive TDT value was combined
with one having a negative TDT (Table 7).

As a consequence of this finding an additional set of regression analyses was performed on
predicted TDT vs. observed TDT data for the true mixtures only. True mixtures were
separated into two groups: (1) when A and B had the same TDT classification (e.g., full vs.
full) or (2) when A and B had different TDT classifications (e.g., full vs. low). Regressions
were run for each group. These regressions were conducted separately, for mean TDT,
TDTys5, TDTgg and TDTg values (Table 5, rows 3 and 4, 8 and 9, 12 and 13 and 16 and 17,
respectively). In each case the r2 values were higher when chemicals A and B in the pairing
had the same TDT classification, with TDTsg values producing the best correlations (same
TDT class = 0.984, different TDT class = 0.919; Table 5). The n values for the same and
different TDT classifications are different among the mean TDT, TDT5, TDTsg and TDTv5
analyses, because the TDT classification for some agents were different at the various effect
levels.

As stated above, higher average differences between predicted TDT and observed TDT were
noted when a chemical having a positive TDT value was paired with one having a negative
TDT value. To evaluate this finding more fully, 27 true mixtures that contained either 3-
methyl-2-butanone (3M2B) or dibromoacetonitrile (DBRAN) were removed from the
regression analyses. Both of those chemicals had low or negative TDT values. Since 3M2B
had been paired with chemicals having mean TDT values across all five TDT classifications,
removal of those pairing was deemed an effective way to assess how much impact the
positive-negative TDT pairings had on the predictability of mixture TDT. For DBRAN,
mean TDT values were always between —14 and 6% (Table 4), but those values are
misleading because DBRAN was so highly reactive that toxicity was produced very quickly
and did not change much after 15 min. Together, removal of these 27 data sets from the
regression improved the correlation between predicted mixture TDT and observed mixture
TDT (r2 = 0.964; Table 5 - row 5, Fig. 2c).

Finally, to further compare the regressions for the sham, true and true minus 3M2B- and
DBRAN-containing mixtures, 95% prediction intervals were calculated. For the sham
mixtures (Fig. 2a) at an observed mean TDT of 50.0%, the regression line gave a predicted
TDT value of 49.1% with the 95% prediction interval being 37.4-60.8%. For all 125 true
mixtures (Fig. 2b) at an observed mean TDT of 50.2%, the predicted mixture TDT was
46.9% and the 95% interval was 29.1-64.6%. For the 98 true mixtures remaining once
3M2B- and DBRAN-containing mixtures were excluded (Fig. 2¢), at an observed mean
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TDT of 50.2%, the predicted mixture TDT was 47.2%, with the 95% prediction interval
being 33.8-60.5%.

4. Discussion

4.1. Curve-fitting

4.2. TDT

Logistic regression is commonly used to evaluate fitting of toxicity data to a sigmoid curve.
Herein, the 5PL-1P function typically gave high quality curve-fitting of the x/y data, as only
19/1350 curves had an r2 below 0.9900. Of those nineteen, eighteen were single chemical or
mixture curves that contained one of three chemicals: 1-bromo-2,4-dinitrobenzene (BDNB),
1-chloro-2,4-dinitrobenzene (CDNB) and ethyl fluoroacetate (EFAC). However, tests of
each of these chemicals alone more often gave 5PL-1P-derived curves with r2 values
=0.9900 (BDNB - 30/33 = 90.9%, CDNB - 20/27 = 74.1%, EFAC - 21/27 = 77.8%). The
results confirm the finding from an earlier report (Dawson et al., 2012) that the 5PL-1P
function is well-suited to fitting Microtox®-derived toxicity data to sigmoid curves.

Mixture toxicity studies that include assessing changes in toxicity over time are becoming
recognized as being important (Broerse and van Gestel, 2010; Cetojevic-Simin et al., 2013;
Schnug et al., 2013; Tarantini et al., 2011). The previous Microtox® studies noted earlier
typically reported TDT values for the 15-30, 30-45 and 15-45 min exposure durations; but
generally just using ECsgq data (i.e., TDTsg) in TDT calculations (e.g., Dawson et al., 2008).
In this study, TDT values were also calculated at the 25% (TDTys) and 75% (TDT+s5) effect
levels, as a means of incorporating data from a larger segment of the x/y curves. With those
additional TDT values being available, mean TDT values were assessed to include TDT
information from a range of effect levels along the x/y curves rather than at just the
midpoint.

4.3. Mixture toxicity - regression of observed TDT vs. predicted TDT

In this study, after the visual observation that mean TDT values for mixtures appeared to be
about midway between those for chemicals A and B alone, the predicted mean TDT for a
given mixture was calculated by taking the average of the mean TDT values for the
individual components of the mixture. The mixture toxicity data were divided into two sets:
“sham” mixtures (as a control) and “true” mixtures. They were separated because it was
hypothesized that TDT for a sham mixture would be close to the average of its individual
components, as sham combinations typically show dose-additive toxicity irrespective of
TDT level (Dawson et al., 2010, 2011). The high r2 value obtained herein for observed vs.
predicted TDT of sham combinations (0.989) is consistent with that hypothesis.

To determine whether such a correlation existed for the true mixtures, linear regression
analysis of observed mean TDT vs. predicted mean TDT was then conducted. This analysis
also showed a strong correlation (r2 = 0.944). These mixtures included combinations that
were dose-additive, greater-than dose-additive and less-than dose-additive (e.g., Dawson et
al., 2010, 2011, 2014 and unpublished data), so the high correlation was not the result of all
the mixtures having the same category of combined effect.
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Additionally, TDT values were evaluated by effect level (25, 50 and 75%). While TDTsq
values gave better predicted vs. observed TDT values for mixture toxicity, high quality (i.e.,
r values >0.900) equations were typically obtained for regression of TDT,5 and TDT75
data. There was no pattern to TDT values across these effect levels, for example TDTog
values were not always lower than those for the higher effect levels, or vice versa, for the
single chemical and mixture x/y curves as a whole. This is likely a result of the chemicals
tested having different rates of chemical reactivity and some of the chemicals being non-
reactive. For individual chemicals with intermediate levels of TDT, it is possible that toxic
effects are due to both inhibition of metabolism and cell death.

4.4. TDT classification

The finding that mixture TDT can be well-predicted by averaging the mean TDT of the
individual components was examined more fully by sorting TDT values for the chemicals
into five TDT classes. One might expect that two chemicals having the same relative level
of TDT would show mixture TDT at about the average of the single chemical TDT values.
In contrast, it might be expected that when a chemical with full TDT (i.e., >100%) was
tested with one having negative TDT (i.e., TDT <0%) the difference between observed and
predicted TDT for the mixture would show more variability. This was the case. From Table
7 it can be seen that when two chemicals had the same relative mean TDT level (e.g., high
TDT with high TDT, low TDT with low TDT) the average difference between observed and
predicted TDT was low, typically being less than £5%. The greatest average difference was
observed for the situation in which a chemical having full TDT was given with one having
negative TDT (£16.2%). As a result of this finding, the average difference between
predicted mean TDT and observed mean TDT for the mixtures was evaluated further by
examining whether the individual chemicals in a given mixture: (a) had the same TDT level
(e.g., high TDT with high TDT) or (b) different TDT levels (e.g., high TDT with low TDT)
(Table 5). The same comparative analyses were also done for TDT at three effect levels (i.e.,
TDT25, TDT50 and TDT75; Table 5)

These latter regressions showed that better correlations were obtained when the agents in the
combination had the same TDT level. In fact, the mean TDT analysis for true mixtures
containing agents that had the same TDT level resulted in a better correlation (r2 = 0.993;
Table 5, row 3) than did the sham combinations (r2 = 0.989; Table 5, row 1). While
predictability of mean TDT was lower for true mixtures containing chemicals from different
TDT classes, it was still good (i.e., r2 = 0.900). Results for the TD Tz regression for true
mixtures showed a very high level of predictability (r2 = 0.984; Table 5, row 12). The same
general pattern was observed at the TCTy5 and TDT7s, although predictability was
somewhat lower for mixtures containing chemicals from different TDT classes (TDTys, 12 =
0.844) and (TDT7s, r2 = 0.861).

Data from Table 7 showed that the largest average differences between predicted mixture
TDT and observed mixture TDT were found in true mixtures in which one chemical had a
positive mean TDT and the other chemical had a negative mean TDT. To evaluate this
finding further, combinations of true mixtures containing either 3M2B or DBRAN were
removed from the regression (Table 5, row 5). The results strongly suggested that predicting
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mean TDT for mixtures by taking the average of the mean TDT of the individual chemicals
in the mixture will be the most challenging when a positive TDT chemical (i.e., a reactive
toxicant) is combined with a chemical having negative TDT (such as chemicals which are
toxic solely by disrupting membrane integrity for a time before being accommodated by the
organism and beginning recovery).

When one knows the TDT of the individual chemicals in the mixture, calculating TDT of
the mixture should most often be a straightforward process. The major issue for this
approach comes when one does not have TDT information for the chemicals. Preliminary
analyses (not shown) suggest that curve-fitting parameters such as slope, asymmetry or the
difference between slope and asymmetry can be used to help classify chemicals by TDT
level. While more data is needed to assess this idea, it is suggested that such information,
when coupled with physico-chemical parameters and/or reactivity rate constant data for the
individual chemicals could help to classify each agent by its TDT level without having to
conduct time-course studies. Such studies when conducted using a rapid, lower-cost assay
like Microtox® offer potential to further advance the field of mixture toxicity prediction.

4.5. Further study

An aspect of this research that requires additional study is environmental relevance, such as
evaluating the observed TDT correlations at concentrations of chemicals actually present in
an aquatic setting. The primary purpose of developing the current data set was to discern any
relationships between TDT, combined effects and organic chemical reaction mechanisms
(and/or lack of chemical reactivity). Studies examining environmental relevance will require
a different experimental design than used herein. It should be possible, however, to calculate
TDT at lower effect levels (e.g., TDT5 or TDTyg) for chemicals A, B and A + B and
determine whether observed vs. predicted mixture TDT values are still well-correlated.
While such an evaluation may be useful, it should be noted that examining the effects of
including and excluding the asymmetry parameter in curve-fitting the x/y data may be
needed, since that parameter frequently affects fitting at lower effect levels.

A second aspect of this work requiring further study is development of a more detailed
mechanistic rationale for the value of TDT in toxicity prediction for mixtures. It is likely
that the larger deviations between observed and predicted TDT noted above are associated
with pairs of agents that are likely to exert toxicity via different modes/mechanisms of
action. The working hypothesis for this idea is that those differences appear to be reflected
by differences in slope of the x/y curves, especially for combinations that produce mixture
toxicity that is not dose-additive.

5. Conclusions

Time-dependent toxicity assessment of individual chemicals provided information useful for
predicting mixture toxicity. Mixture TDT was well-predicted simply by averaging the TDT
values of the individual components of binary combinations. While this finding requires
confirmation with additional sets of toxicity data and/or evaluation using other toxicity
assays, it appears to provide a simple way of estimating mixture toxicity when the TDT of
the individual chemicals is known. Scientists interested in obtaining the concentration-

Toxicology. Author manuscript; available in PMC 2015 December 04.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Dawson et al. Page 12

response data used to generate the TDT values presented herein are invited to contact the
corresponding author.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

3C2B (mg/L)

Toxicity data for bromoacetonitrile alone (BRAN — upper graph) and 3-chloro-2-butanone

alone (3C2B - lower graph) plotted at 15,

change in toxicity over time, with BRAN

30 and 45-min of exposure. Each graph shows the
having a greater left-shift of the curves upon

increased exposure time vs. that for 3C2B. The differences in time-dependent toxicity
(TDT) and concentration-response curve parameters between the two chemicals are shown
by the larger TDT value, steeper slope values and lower asymmetry (s) values (given for 15

and 45-min) for BRAN vs. 3C2B.

Toxicology. Author manuscript; available in PMC 2015 December 04.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Dawson et al.

predicted TDT

predicted TDT

predicted TDT

Fig. 2.

Linear regression plots of observed mixture time-dependent toxicity (TDT) values (%) vs.
predicted mixture TDT values for (a) sham and (b) true mixtures and for (c) true mixtures
excluding those that contained either 3-methyl-2-butanone (3M2B) or dibromoacetonitrile

(DBRAN).

Sham mixtures

a) Linear regression P
+/- 95% prediction intervals % e
100 s S
2= e
r* = 0.989 /
p < 0.001 o -
50{ n= 25 //é
o
o ,o/
prd
ho
0 Pty
e
e
PR’
-50
-50 0 50 100
True mixtures: all
b) Linear regression
+/- 95% prediction intervals
100 -
¥ = 0.944
p < 0.001
501 n=125
yd
/ ()
0 e 0/0/0 ~
e
L
-50 - -
-50 0 50 100
True mixtures minus 3M2B and DBRAN
c)Linear regression p - _
+/- 95% prediction intervals S
100 1
50 A
0 4
-50 4

-50 0 50 100
observed TDT

Toxicology. Author manuscript; available in PMC 2015 December 04.




Page 16

Dawson et al.

NIH-PA Author Manuscript

8-£8-68 AHL oWAYL  T-8L-LL SWa ajeyins |Aylswi
-G8-66 EN ausuidia -+ G-29-v9 s3aq ajey|ns jAyiIQ
2-20-5vS NV10L 8|HNUOJB0BOIOIYOUL  6-GO-THT w3aa ajesjew [AyleIQ
0-21-L0T Nd ajnuoidold  0-21-8T0€  NV10Q 8[1MU018B0I0IYI
v-v6-8L MAN U0y JAUIA [AYIBIN - G-Ep-2Sz€  Nvdda a|1NuOIBROWOIqIQ
0-9.-2299 LN arelbn AyeN - 2-v1-L0T NV10 3]LMU0IZOBO0I0IYD
8-E7-€29 N 8JRUOJOID [AYIBIN  6-G/-E6E LNQD  3pLONII0ZUBGOINUIP-G'E-0I01YD-
T-18-GG.¥ VOZIN  81e1308013080I0|Y-Z-|AYIBIN  L-00-L6 aNao 3U9ZUBGOINUIP-1'Z-010]YD-T
0-LT-S¥¥S dggin ejeuordosdowod-g-IAYIBIN - 2-GL-66Y Vo [010BAIED
G-96-€7069  9dZN ae1fingowolg-z-|AYBIN - 0-LT-065 NVSE| a|1muojacEOWOIg
9-0.-8L NIT [oofeur  -€p-v9v dogq l0sulog-(+)
T-¥5-16 o3I Jouabnaos|  9-80-92¥Z 399 13ysa 1Ap1oA|6 1King
6-GL-729 NVI 8[1NUO0}B0BOPOl  G-8-78S anag 8UdZUBGOUIP-1'Z-0WoIg-T
1-20-€18.¢ WdH  arefioeypaw |AdosdAxoipAH  9-€v-00T dAy aulpuAdIAUIA-¥
T-72-90T ED) [oleD  8-TT-00T aganNy apiwouq |AzusqoIN-
6-85-629T MA3 U0l JAUIA [AYI3  7-08-€95 aeNe auoueIng-g-|AYIBIN-E
0-€5-16 on3 lousbn3  8-6£-T60Y az0¢ aUoUBING-Z-010|YyD-g
z-Lv-€29 d3 aejoidosd 1A £-62-769T dreoe auoipaueiuad-i'Z-010]yD-€
€-87-€29 ovI3 ajeyooeopol AU T-T9-8T8 V3IHe ae|A10e|AYIRAX0IPAH-2
€-2L-65 ov43 aejooe0IONyy [AYT  T-0Z-E6E doaz autplwiAdouolya1a-r'e
§-6€-G0T ovo3 91e180R0I0IY |APT  6-2T-22LT doz auIplwLAdo.oyd-z
2-9€-60T ova3 ojelooeOWOI] AT 2-9€-950€7  dNYOZ aupuAdonu-7-0101yD-g
9-8L-T¥T ov3 ajelaoe A3 8-T0-¥6TSC  dNPA9C aulpLAdonu-y-010]yd1d-9'z
5-88-0vT v3 arlfioe A3 8-€0-Tey gez auoueINg-g'z
#SV0 gLl alueU [edIWaYD  # SV gLl alueu [ed1wayd
"@X010J01A Buisn sa1pnis A1101X01 INIXIW 10} S|eIIWBYD PaII3Ias
Talqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Toxicology. Author manuscript; available in PMC 2015 December 04.



Page 17

Dawson et al.

"(AjoAnoadsal ‘9GT°0 ‘T22°0 ‘9TS'0 = d ‘1591 S{uey UO 8dUeLIRA JO SISA[euy AeAn BUQ SI[IRAA-TRYSNIS) Juaiapllp Ajjuediiubis 10U 81aM SanjeA URIpaW ‘uoljelnp ainsodxa yoea c_£_>>o

‘SjusWiIadxa OGT WO SBAIND 8sU0ASaI-UONEAIUSIU0D OGET SZILIBLULINS S)NSal ‘uonouny Jalewesed T snuiw onsiBoj Jelswesed-g

q

"UIW-G puB ‘0€ ‘GT 8J8M SUOIRIND 81nsodxa (g + ) anIXIW XAl ‘8UOJe g [e91WaYD ;g ‘BUOR \/ [8dIWSYD / - 10} SaN|eA ran

6666'0 66660 66660 86660 6666'0 8666'0 86660 66660 66660 8666'0 wnwixen

€116'0 61860 T/86°0 ¥886°0 9166'0 €486'0 €886'0 6.860 €LL60 1586'0 wnwiunn

88660 206660 288660 206660 28866'0 28866'0 918660 298660 o¥7866°0 97866°0 ueIpaN

2200'0 ¥ 0866'0 LTO0'0 ¥ ¥866'0 TZ00'0 ¥ I866'0 8TO0'0 F¥866'0 9T00'0 ¥ €866'0 S200'0 ¥ 8.66'0 6T00°0 F 1866'0 6T00'0 ¥ 6/66'0 TE00'0 F ¥266'0 2000 F¥9.66'0 ('P's¥) uesy
1\ ulw Gy-XIN ulw Gy-g ulw G- uiwog-Xn ulw og-4 ulw 0g-v UIwST-XIN ulwst-g ulwgt-v

"uonouNy dT-11dS 8y} Buisn eyep asuodsal-uonenuaduod Buimiy woiy sanfeA (1) UoIeUILIBISP JO JUBIDIIB0 JO LArrwuwng

NIH-PA Author Manuscript

NIH-PA Author Manuscript

¢ 9l|gel

NIH-PA Author Manuscript

Toxicology. Author manuscript; available in PMC 2015 December 04.



Page 18

Dawson et al.

NIH-PA Author Manuscript

‘pa1oIpald :'paid ‘PaAIasgo :'Sqo ‘SpoyleL UoNRINded 1L 104 G'Z UONSS 1Xa) %S,

eEeT- 8'Ge 522 v'Ge z'9g NVIOLNVIOL
8'0- L6 6'16 6'68 '56 ANANAN
8€T r'ee AL 58z 81 OO
ge- G0TT 0201 7601 6 TTT VOZIN:VIZIN
60 99 589 79 17'89 dgzIN:dgTIn
0z 6'9- 67— 7'0- veT- NIT:NIT
V- ¥'€0T 0201 G'€0T Z'€0T NVINVI
7T 9z- z1- 8- vI- INdH:WdH
v'z- 6'90T Sv0T 0'50T 8'80T d3:d3
S €6TT 8'6TT L'STT 0'GTT oVIZ:0VIa
TL- 81 LT €82 €12 oV43:0v43
L0 €88 068 6.8 988 oVv03:0v03
8T G'8TT €0eT LT 6'6TT ovga3:0vea3
Ty T2~ 0'82- 7'92- 6.6~ oV3:0v3
z0- Ak 0'L€ 0'L€ €€ W3a:waa
9€T Le- 66 T0T- 97 Nv¥9a:Nvydaa
6'0- G601 980T L'60T 7601 NVIO:INVIO
z1- 8201 9'901 6°L0T L1201 NVIO:INVIO
T0- T'9TT 0'9TT G'GTT 9'9TT aNa2:aNad
A 'G0T €'€0T Z'S01 9'50T NVHE:NVHE
09 79 72T 90- 6T 399:399
82 80Tt 9eTT 6'60T 8 11T aNasg:anas
Ty- €76 206 876 L'€6 agNy:agNy
€T 0'6T- LET- 98- €Te- TNE:GTINE
TZ- 6'20T 8001 L°T0T 0'70T VaHZ:VaHZ
"poad—sqo LAL SIMXIN - 8MIXIW 1AL "Pald  a4nIXIW 1d1 'S0 °V 1dL'sq0 v 1dal'sqo  “v:fwuopeulquiod weys

€9l|qel

"SUOITRUIQUIOD WeYS GZ 10) SanjeA ¢(1.al) A1191x01 uspuadap-awi |

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Toxicology. Author manuscript; available in PMC 2015 December 04.



Page 19

Dawson et al.

NIH-PA Author Manuscript

€1 199 089 T2 £90T Nd:NVg
L0- 00L £69 Llg €201 OW:Nvag
ST 5€9 06. 661 00T OV4IINVHg
67 Syl 6L STy 0T W3A:NVHg
z0- 0201 8'90T 6201 T'90T NVTIO:NVHg
§8T- 9.y 162 6'0T- T'90T AZNENVHE
9L 816 66 80L 6211 dgzn:aNas
Lz- 6811 FA1A R4 T9TT aNao:anas
981 LYS gel £z- LTIT gdzng:aNag
z9 zes 68 985 8201 gzoc:anag
08 62T 602 zen L€t NdH:dAY
89T o€ 867 19 76 N3A:dAY
VLT 5e 602 TZ1- T6T FZNEdAY
€5 ST 89 6€C 802~ OW:g2ZINE
95 56~ 6c- 8TI- z1l- NdH:gZINE
8¢ 0ST- zer- Z61- 80T- oVI:gzINg
9z- €82 1'se 0719 - v3:9ZNE
67T LEy 95y z1e £95 OW:g20g
VLT 6'6T k> T6I- 0'65 gdzNE:920E
9¢- z19 9'€9 6'6€ 976 OW:dP2Og
T1T 88 568 088 6'88 OVO3:dbzs
ze- 6501 20T 91T Tv6 aNaD:drzog
43 8001 00T TOTT v'16 aNasg:dvzos
zv 9€6 8.6 6'68 €16 ggz:vaHz
0T A 909 0€- €01 ddz:doae
6 T2 00 ee- 715 9ZNE:dNYOZ
Sy 6'98 v'16 6'STT 6. anag:dNyoz
16T 0zl 116 €01l gee aNag:dNyasz
'pad—sqo 1AL BIMXIN  8INIXIW 1AL ‘Pedd  8INIXIW 1AL 'S0  91dL 'S0 VYV 1dL'sqo gV UoHeulquiod

"SUOITRUIqWIOD aNnJ] GZT Joj sanfeA »(1.a.l) A1191xo] Juspuadap-awil |

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Toxicology. Author manuscript; available in PMC 2015 December 04.



Page 20

Dawson et al.

NIH-PA Author Manuscript

v's 9'86 0%0T T2 TseT dgzN:0ve3
09 VOt VoIt 20T 5817 NVI:0vg3
£9- 69. 90L 108 TeeT ov43:ova3
90 8's0T 90T €16 zoet ovo3:oval
1ze oSy 119 £62- £61T ova:oveal
LT 8zl SYIT 180T §ITT Nv12:0va3
gt TYIT vITT 5201 9021 Nv¥g:0ve3
622 L'€S 99, eel- L0eT gzNe:oval
19T z18 60T z'ss T6TT gzog:oval
0L 70T 180T 998 96T dvzog:oves
59 80Tt g1 956 6'GeT vaHz:oval
zv- vl 8z~ Tee z0z- Nd:ov3
Lv- L'y 0Ty 8ee 9'89 OW:v3
0.1~ 0 99T~ 081~ L'81 s3a:sa
9YT- gt £TI- zsT- 81z gzZNE'SING
9TI- Z8T- 8'62- 61— VT2~ gzNE'S3a
S 9.8 126 82t 529 NYT1O:NV10d
zie 67 128 v'E0T LeT- NVINVHEa
89T 6'SE 128 8eL TI- NY10a:NvHad
gee ¥'SS 1'8L z10T 9€ NV 10:NVyEd
g0z Z95 §9. 0201 5'g Nvdg:Nvdad
58 £'€9 8TL 66T 9'90T Nd:NV1D
e4T £59 928 68T 91T OVHINY1D
oY 6cL 6L 9y Zv0T W3A:NV1D
8YT- 919 89y 9T 20T FZNENYTD
00 LT LTIT 9611 60T aNa2:LNad
vo- T80T 1’107 9vIT 9707 anag:LNao
5t L'v6 786 89 TTel dgzn:aNad
LS L8y VS 0¥I- eTIT 9ZNE:ENAD
T1- 868 1'88 999 62T gzoe:aNad
62- 08T~ 6'02- 05T~ 0Te- AHL:EVD
'paad—'sq0 1AL BIMXIN - SIMIXIW 1 d1L Padd  admXiW 1dL'sq0 9 1dL'sq0 VYV 1dL'Sq0 €V Uopeulquiod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Toxicology. Author manuscript; available in PMC 2015 December 04.



Page 21

Dawson et al.

LeT 8's. 568 965 126 VAIAT
eI~ T.E 274 98T~ 826 ZNENAT
£9T 0eT- 3 525- vz 931:9N3
£t zvt 562 T8¢ L6~ W3a:on3
T z20t £90T v'56 60T Ov03:d3
gt Z18 S8 929 666 v3:d3
Le- T80T vyt 1901 00TT Nvyg:d3
LT z6r 605 00T~ 5801 geINE:d3
0t Sl 508 T19 06 gzogd3
z1- T:00T 6'86 526 9201 dvzogid3
zer zoL v'z8 gee LTt Nd:OVI3
0t £0TT £ETT 9201 0811 NVI:OVI3
L8 zoL 6'8. 0Tz S6TT ov43:0vI3
92 0°00T 9201 6'G8 TVYIT OV03:0VIa
LT 9'sTT £4ITT LTt 9T ovaa:ovIa
01T 878 8'€9 ZYi- 6'6TT ovaDVIa
T1 91T L2t €201 0911 NV 10:0VI3
Sv 60T 0¥t 00T 0STT Nvyg:0vI3
90¢e 99y ) 6'02— TYIT 9ZNEOVIT
TT1 50 911 zee- gee 9ZNEDVHT
69 109 919 £'8z 16 Nd:ovo3
00T 1'89 8L R4 76 OW:OVO3
£ L9 09 5ze 606 OW:OVO3
08 8'€6 8701 10T 198 NVI:0v03
62- 1799 79 862 €201 OV43:0v03
81 992 6vY 59e- 968 o )E R\ ZoE |
L0 8. 8'8L 09 €6 v3:0v03
v'e v'86 8701 8'80T 188 NV12:0v03
6€ 0°00T 60T 0201 0'€6 Nv¥g:0v03
4 '8¢ 80y 0ZI- 68 gzZINE:OVOT
£z veTt LT 60T 96T VOZN:OVE3
'paad—'sq0 1AL BIMXIN - SIMIXIW 1 d1L Padd  admXiW 1dL'sq0 9 1dL'sq0 VYV 1dL'Sq0 €V Uopeulquiod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Toxicology. Author manuscript; available in PMC 2015 December 04.



Page 22

Dawson et al.

NIH-PA Author Manuscript

TZ- €19 768 gee 768 DWIMAIN
1 0°10T £201 50T 596 dIMAN
T0- £'66 766 66 £'66 OVOTMAN
vz L'60T T2l 8'6TT 1'66 OVEINAN
5t 6€L an V1S v'96 VIMAN
oe- 1201 1'66 1901 66 NYHEMAN
0e- 8 8Ty £0T- 8'66 FZNEMAIN
81~ 009 78S 0TI 60T SINA:VIZN
90- 6TTT £TIT €Tt 5201 aNao:vozZN
95- 6'60T £%0T 0'60T 80TT aNnag:voz
8- 9'88 828 €19 6'60T 9208V
58 89 gel zew 5.8 ON:dgzZIN
ge- €78 06 5'€6 TTL OVO3:dgzZIN
81~ Loy 6'8¢ 0TI 50L SIQ:dgzZI
V- '8¢ vie 82 IR7 399:dgZIN
66 zoz T0g 956~ 6'GL 92N dFZIN
60 718 0z8 016 zL VaHZ:dgzn
52 0 62 T1 vo- LN:ggein
9¢e- ey Llg TLL 5G dgzn:agzin
01~ 629 619 602 0'50T Nd:NVI
z1- 1'89 519 982 6'80T OV4I:NVI
z8 L'68 6Ly £Te- 8001 OVANVI
T1 Ll 88L z0s Z's0T NIA:NVI
T1- 9'88 518 9€L L'€0T NVI1OQ:NVI
V- 6'S0T SY0T 180T L'€0T NV TO:NVI
00 SY0T ST Z's0T 60T NYHEINVI
§9- S 08e 6€T- 0'€0T FZINENVI
£8- 89~ TST- 8- 8'8- NIT:¥39
z1- 9Te- gze- §lr- 8'sT- NETRYELS)
06 0ze- 0€eT- 9'82- £sT- Hog:uIo
£1- 0201 00T 7’801 6'G6 VOZNIAT
'paad—'sq0 1AL BIMXIN - SIMIXIW 1 d1L Padd  admXiW 1dL'sq0 9 1dL'sq0 VYV 1dL'Sq0 €V Uopeulquiod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Toxicology. Author manuscript; available in PMC 2015 December 04.



Page 23

Dawson et al.

NIH-PA Author Manuscript

‘pajoIpaid :"paid ‘PaAIasgo :'sqo ‘Spoylal UoIRINd[ED 1 L J0) §'Z UONDSS 1Xa) %98,

STI 8zl €8 SY0T Loy NVINYIOL
76 6TL 018 8'8L 059 NYT1OQ:NVIOL
55— 0ze 59z > 09 NVH9a:NVTOL
95 78 8.8 Z'90T 188 NYHE:NVIOL
'paad—'sq0 1AL BIMXIN - SIMIXIW 1 d1L Padd  admXiW 1dL'sq0 9 1dL'sq0 VYV 1dL'Sq0 €V Uopeulquiod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Toxicology. Author manuscript; available in PMC 2015 December 04.



Page 24

Dawson et al.

NIH-PA Author Manuscript

"sasAjeue 8y} WO POAOLUBI 8I9M SaIMIXIW BUILIRIU0D-NYHEA PUB -GZINE [ YOIUM WOIY SBINIXIW 8Nl |

p

*(1x@1 88S) 1 L 4O S|9A3] JUBIBLHIP PRY S[RIIWBYD [eNPIAIPUL Y} YIIYM Ul SBINIXIW aniL

“(uonduiosap 819]dwod 10y 1X3) 88S) | (L JO [9A3] BIES BY) PRY S[RIIUBYD [eNPIAIPUL Y} YIIYM Ul SBANIXIL 8N

q

‘10419 UEUCSW@

1980 TO00> 6.€00 €6 (LAl 'sqo x €68'0) + €87’y = LAL ‘paid sse[o 1@ uaisyia LT
v.6'0  T000> 26200 €€ (1QL 'sqo x /86°0) + G68'T = LAL "paid sse|o 1L dues 9T
1260 T000> 715200 GeT (1AL 'S9o x 6¥6°0) + 168°T =LAL "paid aniL o7
/860 TO00> €200 GC (L@l 'sqo x 166°0) + €EY'T =1AL paid weys 4!
stial
6T6'0 T00'0> 06200 S6 (141 'sq0 x 0¥6°0) + T25'0 = LAL "paid ssejo 1d.L aiagia €7
¥86'0 T000> 0200 OF (L@l 'sqo x €86°0) + 660'T =LAL ‘paid SSe|d 1AL dules 4!
0560 TO0'0> 66100 GeT (LAL 'S40 x 996°0) + T62°0- = LAL "pa.d aniy T
886'0 T000> 62200 GC (1Q1 'sq0 x 966°0) + LT€°0 = LAL "paid weys o1
%S1aL
v¥8'0 T000> 8900 86 (1@l 'sqo x 0¥8'0) + 0TT'2 = LAL "paud sse|o 141 Waieyia 6
G86'0 T00'0> Tye0'0 ZL¢  (LAL'SAO x ¥96°0) +0,Z'0- = 1AL "paid sse|d 1L dues 8
L06'0 TO0'0> 85200 G2T (LAl 'sgox 9680) +0v9'€ = 1AL ‘paid aniL L
6/60 TO0'0> <2000 Gz  (LAL'sqo x TOO'T) +859°0- = 1AL ‘paid weys 9
960 T000> Y6T00 86  (LOL'SI0 x G86°0) + 2922~ = 1AL paid LA pPIAOWAI NVHEA/AZINE S
0060 TO00> G2€00 €6  (LAL 'S x 826°0) + TTE'0~ = LAL ‘paid oSSER 1AL uaislid v
€660 T000> €ST00 ¢  (Lal'sqox 886'0) + TET'0 = 1AL ‘paid gSSeP 1AL sures €
yr6'0  T000> TT200 ST (LAL 'sdo x £96°0) + 02y’ T- = 1AL ‘paid aniL I
686'0 T00'0> 92200 G2  (LAL'SG0 x $20'T) +S0T'2— = 1AL "paid weys 1
14l uesiy
2 d e®s y uonenbg uoIssalfay  # moy
"SasAjeue ] @1 paAIasqo SA 1L paidipald snoLieA 10} S} nsal uolssalbioy
G 9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Toxicology. Author manuscript; available in PMC 2015 December 04.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Dawson et al.

Average time-dependent toxicity (TDT) values for 24 chemicals tested singly at least five times.

Chemical n Average TDT #std.err. +95% ClI
2HEA 5 97.9 23 6.4
3C24P 6 91.4 13 3.3
3C2B 7 60.6 1.8 4.4
3M2B 24 -12.8 1.9 4.0
BDNB 11 111.8 0.8 1.9
BRAN 17 105.9 0.3 0.7
CDNB 9 117.0 1.2 2.7
BRAN 15 108.3 0.5 11
DBRAN 7 -1.3 2.8 7.0
DEM 7 435 2.8 6.9
EA 6 61.2 2.3 6.0
EAC 8 -25.6 3.0 7.1
EBAC 16 119.7 0.7 16
ECAC 17 91.5 11 2.3
EFAC 9 24.6 1.6 3.6
EIAC 11 1235 7.7 17.1
EP 9 105.4 1.8 4.0
IAN 15 103.7 0.5 1.0
M2BP 12 72.9 1.6 35
M2CA 7 109.6 0.5 13
MC 10 324 2.8 6.3
MVK 9 96.2 1.4 3.2
PN 6 23.7 1.4 3.5
TCLAN 6 49.3 5.4 14.0
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