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1. Introduction 

The intake fraction (iF) is the fraction of an emitted mass of chemical that is ultimately taken in by an entire 
population and it is used as an indicator of human health potential impacts related to environmental chemical 
persistence and bioaccumulation in the food chain. In chemical screening applications, the iF can be 
predicted using multimedia and multipathway fate and exposure models. However, it yields uncertainty from 
parameter uncertainty and variability and model and scenario uncertainty. 

The objectives of this study are to i) carry an importance analysis to determine the parameters that contribute 
the most to overall iF uncertainty and identify where to focus efforts to better define these parameters and, 
by the same token, reduce the overall uncertainty of the model outcome and ii) perform a seasonal scenario 
analysis on the most important parameters to determine the relevance of including seasonal differentiation 
when assessing iFs. 

2. Materials and methods 

The organic chemicals included in Canada’s national toxic pollutant inventory and a set of organic chemicals 
that accurately represent the variability of physico-chemical properties were selected to calculate the 
contribution to iF uncertainty for emissions to air and water using the Canadian nonspatial version of the 
IMPACT 2002 [1] multimedia and multi-pathway fate and exposure model, which includes 11 physico-
chemical properties and 105 landscape and exposure parameters. Statistical distributions were first 
attributed to the 105 landscape and exposure parameters and to the 11 physico-chemical properties. More 
specifically, distributions for the exposure parameters (i.e. population, animal and agricultural production) 
and for some of the landscape parameters (i.e. temperature, rainfall rate, water and soil surfaces) were 
calculated using the data variability within the Canadian sub-watersheds model [2]. The best-of-fit distribution 
was determined with the Kolmogorov-Smirnov test using Statistica software [3]. To perform the uncertainty 
and importance analyses, the IMPACT 2002 Visual Basic interface was first incorporated into Analytica 
software [4]. Based on the distributions attributed to the model input parameters for each chemical, an 
uncertainty analysis was assessed on the iF. Median Latin hypercube sampling was used along with 10 000 
iterations. Then, a cluster analysis was assessed using the Statistica software. The cluster analysis was 
used to organize the results into chemical clusters with statistically similar parameter importance to support 
interpretation. The k–means clustering method was selected, and three clusters were specified. 

To determine the seasonal variability of the most important fate and exposure parameters, four nonspatial 
models specific to the Canadian and global context were created for the winter and summer seasons. The 
IMPACT 2002 model was used as a framework for the Canadian context and the USEtox consensus model 
was used for the global context [5]. Partition coefficients for seasonal conditions were calculated using an 
integration of the Van’t Hoff equation. First-order degradation rate constants were calculated assuming that 
the rate constant doubles with each 10˚C increase in temperature. Sensitivity analyses were also performed 
on the IMPACT 2002 summer and winter models to test a few key assumptions that were made when 
determining seasonal parameters. 

3. Results and discussion 

3.1. Importance and cluster analyses 

Figure 1 shows the mean importance of each model input (I) and for each cluster of chemicals for air and 
water emissions.  
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Figure 1 : Importance of the model inputs I (105 landscape/exposure parameters and 11 physico-chemical properties) 
for a) air and b) water emissions. For each cluster, the mean importance of a parameter is shown. 

For emissions to air, the parameters that were the most important were rainfall rate, the half-life of the 
chemical in air and water, soil area and the octanol/water partition coefficient (KOW). For emissions to water, 
the important parameters were Henry’s constant, the half-life in air and water and the KOW. 

The seasonal variability of these parameters was then determined in order to evaluate the relevance of 
seasonal differentiation in comparative assessment. 

3.2. Seasonal variability of iFs 

Figure 2 represents the plots of the seasonal iFs versus the iFs calculated at the model default temperature 
of 25˚C for the Canadian context.  

 

Figure 1: Seasonal iFs (Summer and Winter) in comparison with  iFs calculated at the default model temperature of 25 ºC for 
air (left) and water (right) emissions. 

For Canadian air emissions, results indicated that iFs for winter emissions could be up to one to two orders 
of magnitude higher than summer iFs or iFs calculated at the default temperature of 25˚C. For Canadian 
water emissions, results showed that iFs for both summer and winter conditions were, in general, closer to 
each other with outliers within one order of magnitude to iFs calculated at 25˚C. As for chemical ranking, it 
was similar between seasons. Results also indicated that seasonal variability was of lesser importance when 
assessing iFs within a global context. 

4. Conclusions 

This research explored parameter uncertainty and seasonal variability. In addition to providing uncertainty 
ranges for the iFs of the chemicals considered, the research made it possible to identify the parameters that 
should be prioritized and evaluated in a more accurate manner depending on the organic chemical release. 
As for seasonal variability, because the ranking between chemicals was maintained, it can be concluded that 
such variability is not relevant within a comparative context, especially when compared with spatial varability. 
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