Appendix H


Conservativeness of deterministic versus probabilistic approaches

Benchmark dose modeling
Different benchmark dose thresholds (i.e., BMDL1, BMDL5, BMDL10, mean BMD—for details, see Appendix G) are compared here with deterministic values, usually represented by NOELs or NOAELs. In two cases, the NOGEL (no observed genotoxic effect level) (Gollapudi et al., 2012) and the toxicogenomic POD (Point of Departure) (Bercu et al., 2010) have been used as deterministic indicators of effects. Two studies (Butterworth et al., 2007, Foronda et al., 2007a, Bercu et al., 2010) directly compared the decision-relevant indicators (Safe dose, Tolerable Daily Intake, and Acceptable Daily Intake) that were obtained based on the deterministic (NOAEL / NOEL) and probabilistic (BMDL) threshold values. This is a more relevant comparison than that between BMDL and NOAEL, as it considers uncertainty factors usually applied to NOAEL in risk calculations and potentially the linear extrapolations from BMDL. 

From the 14 papers that compared deterministic and BMD-based probabilistic approaches for calculating threshold values for effects, nine indicated more conservative probabilistic values. For five others, deterministic values are more conservative than the probabilistic-based ones. It is not possible to draw a straight conclusion, given the relatively balanced distribution of papers showing that either probabilistic (nine) or deterministic (five) approaches are more conservative, the different probabilistic thresholds used, the different endpoints and the different methods for studying them. 

From the 14 studies, five were either funded by industry (three) or had at least one author employed in industry (two). Of the five studies linked to industry, one concluded that deterministic approaches are more conservative than probabilistic, and the remaining four concluded that probabilistic approaches are more conservative. It is not possible to draw a straight conclusion about a potential funding effect. 

Distribution of NOELs using Cramer classes

Both papers that used distributions of NOELs concluded that deterministic approaches are more conservative (Appendix G). Both papers had the same first author, and were written by a team employed by a chemical company. 

Species Sensitivity Distributions (SSD)

13 papers compared effect thresholds obtained using SSD and deterministic approaches. 

One of the difficulties of comparing SSD and deterministic-derived threshold values for environmental effects of chemicals is that these values are obtained using different methods. Deterministic values are obtained from laboratory studies using different indicators for effects (NOEC, EC50, LOEC), different exposure times, different experimentation protocols, etc., or are even generated using microcosm experiments (Hall et al., 2009, Sánchez-Bayo and Goka, 2012) or food web models (De Laender et al., 2013). The ecosystems targeted by SSD are equally different. 
As for BMD, some papers compare deterministic and probabilistic values for effects. Others calculate the associated risk, which additionally involves the use of uncertainty factors to deterministic indicators of effect. 

Among the 13 papers comparing deterministic and probabilistic values, three indicate that probabilistic values are more conservative. Two others (Raimondo et al., 2008, Nagai et al., 2012) draw a similar conclusion for some situations (while other situations indicate that deterministic values are more conservative). Most papers, however, conclude that deterministic approaches are more conservative. 

Of the 13 studies, four were either funded by industry (two) or had at least one author employed in industry (two). Of these four studies, one concluded that the SSD approach is more conservative than the deterministic approach for one of the two sites studied and less conservative than the deterministic approach for the second site. Among the remaining three articles, one concluded that the SSD approach was more conservative, and two concluded that the deterministic approach was more conservative. It is not possible to draw a straight conclusion about a potential funding effect.

Probabilistic exposure assessment

Six papers compared probabilistic and deterministic calculations of exposure. Among them, two are more conservative for probabilistic exposure calculations, three are more conservative for deterministic calculations, and one was undecided, with values of probabilistic exposure either below or above the deterministic value. 

Two of these papers had authors who are associated with industry. One article was funded by industry, and it had indecisive results. The other paper had one author who is employed by industry, and it concluded that the deterministic calculation of exposure is more conservative. No pattern could be identified for a possible correlation between industry-related interests and the conservativeness of probabilistic vs. deterministic results. 

Probabilistic chemical-specific adjustment factors (CSAF)

Five papers addressed chemical-specific adjustment factors probabilistically, and compared the results with assessment factors that are used in deterministic exposure and risk assessments.

Among them, three papers were published in 2011, by the same two-author team and on the same chemical-specific adjustment factor—the probabilistic kinetic adjustment factor (HKAF). All used a frequentist Monte-Carlo approach and concluded that probabilistic HKAF might be more or less conservative than the deterministic TK, i.e., the default factor for the interindividual variability in toxicokinetics of 3.2. These studies identified several aspects influencing the relative conservativeness of HKAF compared to TK; namely, exposure duration, intensity of inhalation, dose metrics, chemical characteristics, metabolic pathways and subpopulations considered, and exposure route.

Two papers of other teams, using a Bayesian approach and a probabilistic-bounds approach, respectively, conclude that the deterministic assessment factors usually employed in deterministic exposure and risk assessments are more conservative.

Four papers were funded by public money and one did specify the funding source. 

Fuzzy models for risk calculation

The two papers describing new fuzzy models for calculating risk in aquatic ecosystems reached the same conclusion—their results were more conservative than those obtained from deterministic models. 

Both papers were funded by public money, and one also declared funding from a private foundation. 
 
Probabilistic risk assessment

Eight papers compared probabilistic and deterministic risk calculations for different endpoints, ecosystems or human health issues, and based on different methods. Two papers concluded that the level of conservativeness of probabilistic approaches as compared to deterministic depends on particular choices made for the research protocol, such as the subpopulations included, the sites studied (Bruce et al., 2007), the chemical concerned and the dominant exposure pathway for that chemical (Erdal and Carollo, 2007). 

Four other papers indicated that probabilistic calculations of risk are more conservative, The remaining two indicated that deterministic calculations are more conservative—one of these was funded by industry. 
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