Peregrine Falcon Egg Pollutants

Mirror Stockholm POPs List Including Methylmercury 
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This paper is a contribution to the series: „Chemical and Biological Environmental Monitoring (CBEM)“ of the German Working Group on Environmental Monitoring (editors: H. Rüdel, Schmallenberg; W. Schröder, Vechta; K. T. von der Trenck, Karlsruhe; G. A. Wiesmüller, Cologne). ). The series CBEM was launched in the journal Environmental Science and Pollution Research (ESPR) with the position paper “Substance Related Environmental Monitoring” (Rüdel, Schröder, von der Trenck, Wiesmüller, ESPR 16: 486-498, 2009). 

Supplemental Material

Correlation of Contaminant Concentrations with Elevation above Sea Level
Contaminant concentrations (DDE and PCB3) were correlated with the aerie’s  (or possibly the hunting range’s average) elevation above sea level. We performed our calculations with the eggs from 2001 to 2009 assuming a standard hunting range for peregrine falcons within a circle with a radius of 5 kilometres around the aerie. The average altitude of the hunting range was specified as the mean of its highest and its lowest elevation. 
An original (Online Table 1A) and a final (Online Table 1B) list of aeries and the respective DDE- and PCB3-concentrations of the eggs are included in the documents: 
“1A_Bgruendg_Bereichsmitt + - Ballgsgeb+3PCB_01bis09_Lage_zentroid2 – all aeries.pdf” and “1B_Begruendg_Bereichsmitt + - Ballgsgeb+3PCB_01bis09_Lage_zentroid2 – conurbations omitted.pdf”. 
Besides long range atmospheric transport (general immission load) also imported crops and food products (primary emissions) certainly play a role in explaining high DDE burdens. The import component should be greatest in conurbations, and point sources superimpose the general immission load. Therefore, aeries located in urban centres or influenced by a known source of contamination were excluded from the correlation (online Table 1B). 

Congener Patterns of dl-PCB and PCDD/F
The congener patterns of the single eggs are quite similar (figs.: 1B and 2B). Significant differences cannot be discerned, especially with the PCB congeners. The congener patterns are typical for the last link of a food chain after accumulation and metabolic degradation. It is therefore difficult to draw any conclusions regarding specific sources. The contributions of individual dioxin-like PCB congeners to the WHO-PCB-TEQ and PCDD/F congeners to the WHO-PCDD/F-TEQ, respectively, are compared.
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Figure 1B: Contribution (in %) of dioxin-like PCB congeners to WHO-PCB-TEQ (WHO-TEF 2005) in 61 P. falcon eggs collected between 2004 and 2011. Box-whisker-plots: Maximum, median, minimum and 95th, 75th, 25th, and 5th percentiles are indicated. 
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Figure 2B: Contribution (in %) of PCDD/F congeners to WHO-PCDD/F-TEQ (WHO-TEF 2005) in 61 P. falcon eggs collected between 2004 and 2011. Box-whisker-plots: Maximum, median, minimum and 95th, 75th, 25th, and 5th percentiles are indicated. 
Correlation of indicator PCB6 and TEQ05
The non-dioxin-like indicator PCBs (PCB6) are somewhat correlated (R2 = 0.71) with the total (PCDD/F+dl-PCB) TEQ05, although they do not bind to the Ah receptor and therefore cannot contribute mechanistically to the dioxin-like activity (figure 3B). 
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Figure 3B: Comparison of ndl-PCB6 to WHO-TEQ (TEF 2005; WHO, 2006) in 59 P. falcon eggs from BW collected between 2004 and 2011. 
DR CALUX® relative equivalent potencies (REP) differ from WHO-TEQ

WHO-TEF values are toxic equivalent factors for dioxin, furan and dl-PCB congeners, derived from both in vivo and in vitro studies. The relative potencies of congeners determined by the DR CALUX® bioassay are expressed as CALUX® relative potencies (CALUX®-REPs). The CALUX®-REP values are actual “TEF” values for the congeners in the CALUX® bioassay and represent the actual potency of the specific congener to activate the Ah-receptor pathway. Some authors have compared WHO-TEFs and DR  CALUX®-REPs (Besselink et al. 2003; Scippo et al. 2006; Hoogenboom et al. 2011). 
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Figure 4B: Comparing the DR CALUX BEQ of 59 P. falcon eggs from BW and their chemical concentrations using REP values by different authors. 

In our studies, the sums of dioxin-like activity of the 59 peregrine eggs from BW by GC/HRMS and DR CALUX® follow similar trends but are not identical. The ratio of BEQ and TEQ of 0.75 (rather than 1.0) can be explained by the fact that the relative potencies (REP) of individual dioxin, furan, or PCB congeners may deviate from the WHO-TEF values (Besselink et al. 2003) and usually measurements are lower by CALUX than by GC/MS (Scippo et al. 2006). We have compared our DR CALUX® bioassay results and TEQ measured by GC/MS using different authors’ REP values (figure 4B). The slopes of the resulting regression lines differ (Besselink et al. 2003: 0.85 vs. Scippo et al. 2006: 1.8 vs. Hoogenboom et al. 2011: 1.4) but the correlation coefficients are very similar (R2 = 0.85 vs. 0.84 vs. 0.86). 

Estrogen- and anti-Androgen-Receptor Activities

Similar bioassays were performed with estrogen and androgen receptor responsive cells, respectively (ER CALUX® and AR CALUX®). The results are reported as 17β-estradiol (EEQ) or flutamide equivalents (FEQ) in the egg samples (vd Trenck et al., 2008a). Between 12 and 766 pg EEQ/g dm (mean: 159 pg EEQ/g dm, chicken egg: 99 pg EEQ/g dm) and between 8 and 491 µg FEQ/g dm (mean: 103 µg/g dm, chicken egg: 3 µg/g dm) were found in the eggs (figure 5B).
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Figure 5B: Some typical examples of dioxin-, estrogen- and anti-androgen-like levels in peregrine falcon eggs from different places in Baden-Württemberg measured by DR-, ER- and anti-AR  CALUX bioassays. Samples from 2003 to 2007 (n = 18).
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