©CSIRO 2010 Environ. Chem. 2010, 7, 422—428. doi:10.1071/EN10025_AC

Accessory publication

Distribution of perfluoroalkyl compounds and mercury in fish liver from high-mountain
lakes in France originating from atmospheric deposition
Lutz Ahrens,*®F Nicolas Marusczak,“® Janne Rubarth,** Aurélien Dommergue,“ Rachid Nedjai,”

Christophe Ferrari© and Ralf Ebinghaus®
Mnstitute for Coastal Research, GKSS Research Centre Geesthacht, D-21502 Geesthacht, Germany.

l‘)’Atmospheric Science and Technology Directorate, Environment Canada, Toronto, M3H 5T4,

Canada.
“Laboratoire de Glaciologie et Géophysique de I’Environnement, F-38402 St Martin Dheres, France.
PLaboratoire Politiques publiques, Action Politique Territoires, F-38100 Grenoble, France.

FInstitute of Inorganic and Analytical Chemistry, Friedrich-Schiller-University of Jena, D-07743 Jena,

Germany.

FCorresponding author. Email: lutz.ahrens@ec.gc.ca

Quiality assurance

The standard fish length represents the arithmetic mean fish length over all fish samples. Fish length
varied between samples collected from each lake. In particular the Lake trouts (n = 4) and Lake
trout/Arctic char (n = 1) from the Lac de Crop and the Brown trout (n = 1) from Lac de la Sagne had a
higher fish length than in the other samples. Positive relationships were found between fish length and
Hg!"* and PFC levels, respectively.”® However, data for PFCs are limited and, for example, Shi et al.
found no relationship between fish characteristics and PFC levels.!”! In this study, the fish length-
adjusted concentrations were determined by a regression of individual fish mercury/PFC concentration
on fish lengths, and then solving the regression equation for the predicted mercury/PFC concentration
associated with the length of the standard-sized fish. In subsequent analyses for comparing data

between the lakes, the predicted mercury/PFC concentrations were natural log-transformed.
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Table A1. Method detection limits (MDLs), method quantification limits (MQLs) and blank
concentrations (n = 6) for fish liver samples in nanograms per gram (wet weight)

MDL and MQL (ng L") at 3 and 10 times of the signal to noise in natural samples (n = 6)

respectively. n.d., not detected

Analyte MDL MQL blanks
Perfluorooctane sulfonate (PFOS) 0.14 0.46 n.d.
Perfluorononanoic acid (PFNA) 0.05 0.17 n.d.
Perfluorodecanoic acid (PFDA) 0.11 0.37 n.d.
Perfluoroundecanoic acid (PFUnDA) 0.09 0.30 n.d.
Perfluorododecanoic acid (PFDoDA) 0.06 0.20 n.d.
Perfluorotridecanoic acid (PFTriDA) 0.08 0.28 n.d.
Perfluorotetradecanoic acid (PFTeDA) 0.13 0.43 n.d.
Perfluorotridecanoic acid (PFPeDA) 0.07 0.23 n.d.
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Fig. A1l. Map showing the sampling locations at the lake 1 (Lac de Crop, 45°12'28 N, 5°59'16 E), lake 2 (Lac
de la Sagne, 45°13'15 N, 6°04'33 E) lake 3 (Lac Bramant, 45°12'00 N, 6°10'35 E) and lake R (Lac du
Poursollet, 45°03'08 N, 5°54'00 E) close to Grenoble City (45°11'37N, 5°43'50 E), France. Note: The prevailing

wind direction in this region is the west.
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(Continued)
PFC and THg concentration PFC pattern
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Fig. A2. Comparison of the mean concentration and pattern of > PFC and THg in the different fish species in
the lakes Lac de Crop, Lac de la Sagne, Lac Bramant and Lac du Poursollet.
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Fig. A3. Composition profile of individual PFCs in fish liver from the lakes Lac de Crop, Lac de la Sagne, Lac

Bramant and Lac du Poursollet.
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Fig. A4. Spatial distribution of geometric mean concentrations of individual PFCs in fish liver in the lakes Lac
de Crop, Lac de la Sagne, Lac Bramant and Lac du Poursollet. Asterisks indicates significant difference from the

lake Lac du Poursollet at P < 0.05 (*); P <0.01 (**); and P <0.001 (***) respectively.

Page 6 of 7



©CSIRO 2010 Environ. Chem. 2010, 7, 422—428. doi:10.1071/EN10025_AC

References
[1] D. P. Scott, F. A. J. Armstrong, Mercury concentration in relation to size in several species of

freshwater fishes from Manitoba and northwestern Ontario. Fish Res. B Can. 1972, 29, 1685.

[2] H. R. MacCrimmon, C. D. Wren, B. L. Gots, Mercury uptake by lake trout, Salvelinus namaycush,
relative to age, growth and diet in Tadenac Lake with comparative data from other Precambrian Shield lakes.

Can. J. Fish. Aquat. Sci. 1983, 40, 114. doi:10.1139/f83-020

[3] J. A. Sorensen, G. E. Glass, K. W. Schmidt, J. K. Huber, G. R. Rapp Jr., Airborne mercury deposition
and watershed characteristics in relation to mercury concentrations in water, sediments, plankton and fish of

eighty northern Minnesota lakes. Environ. Sci. Technol. 1990, 24, 1716. doi:10.1021/es00081a015

[4] W. H. Gutenmann, J. G. Ebel, H. T. Kuntz, K. S. Yourstone, D. J. Lisk, Residues of p,p’-DDE and
mercury in Lake Trout as a function of age. Arch. Environ. Contam. Toxicol. 1992, 22, 452.
doi:10.1007/BF00212566

[5] L. Ahrens, R. Ebinghaus, Spatial distribution of polyfluoroalkyl compounds in dab (Limanda limanda)
bile fluids from Iceland and the North Sea. Mar. Pollut. Bull. 2010, 60, 145.
doi:10.1016/j.marpolbul.2009.10.007

[6] J. W. Martin, S. A. Mabury, K. R. Solomon, D. C. G. Muir, Dietary accumulation of perfluorinated

acids in juvenile rainbow trout (Oncorhynchus mykiss). Environ. Toxicol. Chem. 2003, 22, 189.

[7] Y. Shi, Y. Pan, R. Yang, Y. Wang, Y. Cai, Occurrence of perfluorinated compounds in fish from
Qinghai-Tibetan Plateau. Environ. Int. 2010, 36, 46. doi:10.1016/j.envint.2009.09.005

Page 7 of 7



