Screening chemicals in commerce in the Nordic countries
using multimedia fate and bioaccumulation models
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¢ Emission estimates are the largest source of uncertainty
in risk-based screenings of chemicals in commerce to
identify potentially harmful substances.’? The first
objective of this study was to reduce this uncertainty by
using more detailed information about usage of
chemicals to gain better emission estimates.?

e The second objective was to compare two multimedia
fate and bioaccumulation models; a steady-state model
for an evaluative environment (RAIDAR)*> and a
dynamic model for the Nordic region (CoZMoMAN).®

2) Unique organic chemicals:
2237

3) Model
friendly:
881

Figure 2: Schematic illustration of the number of chemicals that

were included in the study.

The chemicals were filtered in the following way (Fig. 2):

1) There were 2783 chemicals registered in SPIN as used
in Norway, Sweden, Finland and/or Denmark in the
years 2000-2007.3
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Figure 1: Map of Europe with national borders (left) and
model domain of CoZMoMAN (right).®

Figure 3: Schematic illustration of compartments in RAIDAR.**
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Figure 5: Predicted concentrations in human from RAIDAR for
the 881 chemicals, based on minimum, average, and
maximum emission scenarios.

Emissions were estimated from the database for
Substances in Preparations in the Nordic Countries
(SPIN)? and a high-throughput estimation method.t

Physico-chemical properties were estimated using

previously published methods.?

CoZMoMAN was run with constant emissions for 70
years, and a simulation time step of 1 hour.

Predicted chemical concentrations in humans was used
as an endpoint. In CoZMoMAN the human was a 29-
year old female born 41 years after emission start.

e ERRESTRIAL
deciduous | FOOD-CHAIN

forest

Grass  Cow

Fresh
water
s lIFOOD-CHAIN 3>
Planktivorous
fish

Piscivorous fish

Figure 4: Schematic illustration of compartments in CoZMOMAN.®
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Figure 6: Predicted concentrations in human from RAIDAR
and CoZMoMAN for the 881 chemicals, based on average
emission scenarios. The diagonal line is the 1-to-1 line.

e The average range between minimum and maximum emissions (and hence also
predicted concentration in humans) was 2 orders of magnitude (Fig. 5).
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2) Duplicate, inorganic, and organometallic substances
were removed, leaving 2237 chemicals.

3) The CoZMoMAN model can become unstable for
chemicals that react quickly or that are very volatile or
hydrophilic. Hence, initially 881 model-friendly
chemicals were included, i.e. where there were no
numerical instabilities. More chemicals could possibly
be added later.
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Figure 7: The predicted rank of the chemicals in
CoZMoMAN and RAIDAR. The green squares
indicate the Top 100 chemicals, with 77
chemicals ranked among Top 100 in both models.
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Figure 8: The relative frequency of chemicals
containing selected elements. .

The predicted concentrations in humans for the 881 chemicals ranged over 12
orders of magnitude with RAIDAR (Fig. 5) and 14 with CoZMoMAN, respectively.

¢ Overall, there was a good correlation in the ranking between the two models (Fig.
6). 77 chemicals were ranked among the Top 100 by both models (Fig. 7).

The elements Chlorine, Silicon, and lodine were more frequent among the Top 100
chemicals than among all 881 chemicals (Fig. 8).

Detailed evaluation of results, with exploration of key differences between models.

¢ Sensitivity- and uncertainty analysis, in particular to identify the contribution of
uncertainty in the emissions to the uncertainty in the predicted ranking.
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¢ Investigation of different endpoints for ranking of the chemicals, such as
concentration in various physical matrices and biota.

¢ Detailed investigation of the chemicals that are ranked to be of highest concern in

the Nordic environment.
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