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Background

ECETOC recently published its technical report no 120 (ECETOC 2013) which examined the
relationship between Chemical Activities (as defined by phase equilibrium thermodynamics))
and toxicity of narcotic chemicals previously hypothesised (e.g. Mackay et al. 2009).

Issues/Methods

Once compiled, it became clear that the dataset needed further refinement and a series of
rules were introduced to remove unreliable/unverifiable data:

* Solubility values significantly outside of the range 20-25°C or for which no information

existed were excluded

The activity coefficient can be regarded as the inverse expression of solubility, where a solute * All ecotoxicity studies were evaluated on a case by case basis that an appropriate technical
that is only sparingly soluble in a solvent (e.g. water), will have a high activity coefficient. When method had been applied (e.g. static tests acceptable only if substance know to be stable,
expressed as a mole fraction, the activity coefficient is the reciprocal of the solubility. As the soluble and non-volatile; Substances with volatility >1 Pa in closed system accompanied by
relationship uses sub-cooled liquid solubility, an adjustment is made using the fugacity ratio for analytical measurements)

solid substances (at STP).  endpoints based on too short study duration were removed to avoid including datapoints
which were not at steady state.

Thus, for the purposes of this exercise, for each substance used in the test set, high quality  Endpoints for which no standardised method exists were evaluated on a case by case basis
endpoint data were required for solubility, melting point and acute and chronic ecotoxicity for for acceptability (eg. Publications using a non-standard method or species).

unicellular algae, aguatic invertebrates and fish (each requiring information on E/LC50s, species,
test temperature, method [semi-static, flow-through, closed...], analytical verification and study

_ Variability in the dataset
duration).

After carrying out the data refinement, statistical analysis was performed to evaluate the

Accurate estimations of Modes of Action (MOA) were also required and the scheme according variability in the retained dataset

to the Verhaar et al. (1992) and with modifications proposed by Enoch et al. (2008).

Residuals plot: Measured Log Octanol-Water Partition Coefficient (LogKow) of dataset
substances (MOA1 and 2) against their corresponding sub cooled liquid solubility values to
obtain a linear regression. A residual plot was derived from this regression to identify
substances which deviated from the expected regression line (potential outliers with unreliable
solubility values).

Several sources of information were identified but as narcotic modes of action were considered
as the main driver for this exercise, the ECHA disseminated database was a primary source. The
ECETOC task force felt that the advantage of using the ECHA database was that the studies
contained therein relate to industrial chemicals and are therefore more appropriate for a
relationship with baseline narcotics. Moreover, they have previously been validated and so less
time would be required in the data location process. For this purpose, only studies with a
Klimisch score of 1 or 2 (valid without restriction or valid with restrictions, respectively, for the
purposes of risk assessment) were used in this exercise.

Since several substances in the retained dataset had multiple entries (i.e, with measured LC50
values retrieved from multiple literature sources), the variance and standard deviation of the
underlying data were reported. Data associated with higher dispersion were identified
indicating that one or multiple measured values added noise/error to the results.

Table 1. Example of dataset marking (red: does not meet basic criteria e.g. study duration: orange: data removed due to secondary
criterion e.g. technical deficiencies during study)

Figure 1 & 2. Graphs of log Kow v sub-cooled liquid solubility with indication of data quality
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Results and Conclusion:

Over 2000 datapoints were evaluated in this project ( for MOA 1, 2 and 3 substances), selected from studies previously validated as K1 and 2. Of these, only 660 datapoints were retained for 123
substances and classed as valid for use in this project, less than 1/3 of the data originally collected. These data were organised in a database and classified according to the colour scheme in Table 1.

Solubility posed a specific problem: limited details of the method were available; much data used for the ECHA database were from the secondary literature; even when the method was reported,
the normalised methods for solubility (e.g. OECD 105) are prone to high degrees of error especially for liquids at low solubility (e.g. <10 mg/L). Figures 1 and 2 highlight this. For MOA 1, solubility (and
Kow values become more erratic once log Kow >5 suggesting that the sub-cooled liquid solubility values used in this exercise may be unreliable for such substances). This is further evidenced from
the residuals plot in Figure 3a. A very poor relationship between log Kow and solubility was observed for MOA 2 substances (probably mostly due to their different ionised state in the two
experiments). As a result, the residuals associated with most of the MOA2 substances were quite high as shown in Figure 3b. A better relationship would be expected for these substances if
membrane/water partition coefficients were used rather than octanol/water partition coefficients.

Often, multiple ecotoxicity endpoints on the same trophic level were available and associated with high variability (up to one order of magnitude) (Figure 4). According to the thermodynamic
principles on which this study was based, no difference is expected between E/LC50s for any species assuming the organisms reached steady state within the duration of the study. The variation
observed between certain studies must therefore be related to experimental factors such as technical method, health status of the organisms, demonic intrusions and statistical treatment of the
dataset. The substances with multiple measured LC50 values are reported in Table 2 in order of their increasing variances and therefore the overall confidence in these data is lower.

Overall, the thermodynamic relationship between solubility and ecotoxicity proposed by Mackay et al. holds true for this dataset. However, the variability in the E/LC50 values for several substances
prevents the direct use of this dataset to create a reliable QSAR model. The authors recommend this dataset is improved with additional high quality data.
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