Applying multimedia models to calculate Trophic Magnification Factors (TMFs): exploring
basic assumptions and the role of the physical environment
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Introduction:
« Chemicals are subject to bioaccumulation (“B”) assessment; few measured data are available [1, 2].
» The Trophic Magnification Factor (TMF) is a steady state metric for assessing “B™:

if TMF > 1, then “B”; if TMF < 1 then “not B” (in most cases) [3].

« The TMF is the average factor by which the (lipid) normalized chemical concentration in biota of a
food web changes per trophic level. The TMF is derived by linear regression of log transformed (lipid)
normalized chemical concentration in biota and trophic position of the sampled biota [3].

« Fugacity (f; Pa) is a chemical quantity and a thermodynamic equilibrium criterion.
« Lipid normalized concentration ~ fugacity.

Objectives:
« Develop, apply and evaluate a model to calculate TMFs.

« Explore differences in selected food web components, chemical mode-of-entry (M-O-E) to the
environment, and disequilibrium conditions in the environment on TMFs.

« Use sensitivity analysis to determine key parameters relating to the TMF.

Methods:
« Risk Assessment IDentification And Ranking (RAIDAR) model (Figure 1) [4] :
« combines fate and food web mass balance fugacity calculations at steady state;

« provides either Level Il (equilibrium in air, water, soil and sediment) or Level I11 (disequilibrium
in air, water, soil and sediment) environmental fate calculations;

« includes a range of representative species residing in air, water, soil and sediment;
« includes biomagnification and biotransformation processes for vertebrate species.
* RAIDAR revised to calculate TMFs in various food webs (e.g., aquatic, terrestrial, marine, overall):
« Chemicals with measured TMF data used to evaluate model predictions (Table 1) [2].
« Hypothetical chemicals used to explore maximum TMFs in various food webs.

Table 1: Chemical properties (half-life: HL is normalized to a 10 g organism) [2]

Chemical Log Koy | Log Koa Biotransformation HL (days) Qualitative rate
Pyrene 5.19 873 2} moderate
Hexachlorobenzene (HCB) 5.61 77 272.9 very slow
Di(2-ethylhexyl) phthalate (DEHP) 7.56 13.01 2.8 moderate
PBDE-47 6.39 10.44 39.5 slow
PBDE-153 7.08 11.89 102.6 very slow
PBDE-209 8.68 15.29 145 slow
PCB-52 5.95 8.22 1320 very slow
PCB-153 6.86 9.45 352.4 very slow
PCB-209 8.27 10.95 31" very slow

Eigure 1: Development of the RAIDAR-TMF model; relative trophic level (TL) of the
representative species determined based on selection of dietary preferences
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Figure 2: RAIDAR-TMF model evaluation using data from aquatic food webs
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Figure 3: Maximum Level 11 fate calculation based fugacity ratios (forganism / fenvironment)
A: Piscivorous fish; B: Marine mammal; C: Wolf; D: Human — mixed diet

Results and Discussion: 1B B
« Modeled TMFs are in reasonable agreement with measured TMFs (Figure 2). 12
* TMFs can be calculated in various food webs for a range of organic chemicals (Figure 3), and thus 12 20
the RAIDAR-TMF model may be useful for screening-level TMF assessment. r 150
« Chemical disequilibrium in the physical environment (i.e., fugacities in air, water, soil and sediment, A4 100
and thus “TL 1”) can span several orders of magnitude influencing TMFs (Figure 4). & P
. . . . 50
« Chemical M-O-E to the environment can influence TMF (Figure 5). R & 3
. . . 14
« The organisms and food webs selected for measurement influence the TMFs (Figure 5). 1. B
« Biotransformation half-lives are sensitive parameters, particularly when TMF < 1 (Figure 6). 10 5
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Figure 4: TMFs calculated for HCB and pyrene using all representative RAIDAR species 4
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Eigure 5: Influence of M-O-E (left) and differences in organisms sampled (right) on TMF M Pyrene
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