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Introduction & Objectives

Polybrominated diphenyl ethers have been restricted since the early 2000 due to their PBT (persistence, bioaccumulation potential and toxicity) properties. In 
addition, they can undergo long-range atmospheric transport (LRAT) towards the polar regions and have therefore been included to the Stockholm Convention 
on persistent organic pollutants (POPs) [1]. 
This led to increasing usage and emissions of alternative brominated flame retardants as well as chlorinated flame retardants such as Dechlorane Plus (DP) 
which has been produced for several decades, too [2]. Extremely little information on their PBT properties as well as transport behaviour are available.
Therefore, we investigated the occurrence, distribution and transport of PBDEs, several alternative BFRs and Dechlorane Plus in the atmosphere of the 
Atlantic, Pacific and Indian Ocean towards the polar regions from during four sampling cruises from 2008 to 2011.

Material & Methods

Sampling cruises
• RV Polarstern: 1) East Greenland Sea 2) Germany-Antarctica

• RV Snow Dragon: 3) Northern Pacific Ocean - Arctic Ocean 4) East Asia - Fremantle (Australia) - Antarctica

Sampling, extraction and analysis
• High-volume sampling (~1000 m³ air and ~1000 L seawater, respectively) using a glass fibre filter and a polymer-column

• Extraction: Soxhlet extraction using dichloromethane followed by clean-up via 10% H2 0 deactivated silica

• Analysis: GC-(ECNCI)-MS; Blanks <50 pg absolute, MDLs <0.001-0.2 pg m-3

Results & Discussion

Spatial distribution
• source regions: Southeast Asia, Western 

Europe, but also Africa

• especially for alternative BFRs

• decreasing concentrations toward the open 

oceans

• higher BFR-pollution of the Arctic than Antarctica

Composition profile
• alternative brominated flame retardants are 

the predominating compounds

• among the PBDEs, BDE-209 dominated in 

source regions while BDE-47 dominated over 

the open oceans

• Dechlorane Plus was detected for the first time 

in the global atmosphere
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Conclusions 

• non-PBDE BFRs and Dechlorane Plus are present in the global marine atmosphere, even in polar regions
• concentrations of non-PBDEs, especially hexabromobenzene (HBB), are similar and even higher than PBDEs
• several alternative BFRs and Dechlorane Plus can undergo long-range atmospheric transport toward the polar regions
• “traditional” non-PBDEs BFRS (HBB, DPTE, PBTo) dominate rather than “new” alternatives (e.g., EHTBB, TBPH)
• possible sources: production, usage but also possible breakdown from higher brominated or polymeric flame retardants
• Southeast Asia (+ Western Europe and Western Africae-waste?) are important sources of (alternative) BFRs and DP in the global oceans

Acknowledgements: We are grateful to the Alfred-Wegener-Institute and the Chinese Arctic and Antarctic Administration, State Oceanic Administration of China.
References: [1] de Wit et al., Sci. Total Environ. 2010 [2] Hoh et al., Environ. Sci. Technol. 2006


	Axel Möller, Zhiyong Xie, Renate Sturm, Ralf Ebinghaus; Institute of Coastal Research, Department for Environmental Research

