Atmospheric deposition of organic contaminantsinto the North Sea and the
western Baltic Sea

Summary

The aim of this study was the assessment of thieaexge processes of organic pollutants between the
marine atmosphere and the surface seawater ofeh@dd EEZ, the wider North Sea and the Baltic
Sea with emphasis upon the occurrence and coritnibof atmospheric deposition to the seawater
contamination. 87 organic pollutants, routinely mwred as surface seawater contaminants by the
BSH, were targeted in this study. Concentrationspoliycyclic aromatic hydrocarbons (PAHS),
organochlorine pesticides (OCPs), polychlorinateghényls (PCBs), currently used pesticides
(CUPs), perfluorinated compounds (PFCs), organqggtmsis / brominated flame retardants and
pharmaceuticals were simultaneously quantifiedhm durface seawater and the marine atmosphere
during two research cruises in the German EEZ iy/8m. 2009 and May 2010 as well as during a
further research cruise in the North Sea in Aug./26809. Air samples of the gaseous mass fracfion o
the Baltic Sea atmosphere of April 2009 were pregithy the University of Hamburg. Air samples
were collected using high-volume active air sangpleperated on the top deck of the respective
research vessels. Furthermore, PUF disk passiveaaiples were exposed at an urban land based
sampling site (Sulldorf/Hamburg) and at a ruralstabsampling site (Tinnum/Sylt) between October
2009 and December 2010, respectively. Moreover, Bldks were installed at the FINO research
platforms in the German EEZ in various heights &bsea level. Seasonal and vertical fluctuations of
atmospheric concentrations could be successfullyitmied by passive air sampling providing further
indications of sources, occurrences and distribgti@f the organic pollutants in the marine
atmosphere. The application of standard active @awsive air sampling methodologies at research
ships required a continuing optimization and adaptaof the sampling equipment and sampler design
to the extreme weather and working conditions at Btethods of sample preparation were developed
and validated which allowed the reliable quantifima of 87 organic pollutants from a single air
sample (GFFs, PUF disks, PUF plugs, PUF/XAD-2/PdBogber cartridges). Estimations on wet
deposition fluxes to the surface seawater weredbasesubstance concentration levels in precipitatio
at Zingst (Baltic Sea) and Tinnum/Sylt (German B¥afth Sea) provided by the Federal
Environmental Agency of Germany for 2009 and 2@ particulate fluxes were derived from the
concentrations of organic pollutants in the pagtisssociated mass fraction of the marine aerosbl an
an estimated deposition velocity of 0.02 cm/s.

All processes contributing to air-sea exchangergénic pollutants, i.e. atmospheric deposition and
volatilisation from the surface seawater could lmewnented in this study. The most frequently
observed exchange mechanism of the target anakgsesthe atmospheric deposition. A significant
contribution of atmospheric deposition to the stefavater contamination of the open sea could be
demonstrated for phenanthrene, fluorene, lindardrih, p,p-DDE and CUPs. While the spatial
distribution of most target compounds in the swefaeawater appeared to be dominated by riverine
input and subsequent transport with sea curramtseased surface water concentrations beyond river
plumes and/or characteristic changes in distribupatterns with season were found and might be
ascribed to the influence of atmospheric depositidme occurrence and widespread distribution of
organic contaminants in the marine atmosphere ak age seasonally extended atmospheric
concentrations were in agreement with these peoreptFor example, fluorene and phenanthrene, the
main PAH components in the marine atmosphere, ajispl almost constant or only slightly
decreasing surface water concentrations througtimutGerman EEZ unaffected by the suspended
particulate matter and riverine fresh water contémtcontrast, other PAH components occurring in
lower atmospheric abundances revealed strong ctratien gradients from the coastal waters to the
open sea. Similar observations are made for the BBEbolites. Althougp,p-DDD was quantified
in higher concentrations thanp™-DDE in the coastal surface waters, exclusively-DDE could be
guantified in the central North Sea. This shiftdistribution patterns pointed to an atmospheric
deposition ofp,p”-DDE, which was found to be the main DDT metabatitéhe marine atmosphere. A
further example was dieldrin. Dieldrin exhibitectieased surface water concentrations in the south-
central part of the North Sea (Dogger Bank regiavhjch could be excluded to originate from
riverine input due to the prevailing sea curretswever, elevated atmospheric concentrations of



dieldrin were observed in air masses originatimgnficentral England above or in proximity to thia se
region. These might be possible sources of dieltrithe Dogger Bank. In particular, the CUPs
exhibited highest variability in atmospheric conitations, which were consistent with the seasonal
changes of their concentrations in surface seaw@terelations in the seasons of highest atmospheri
abundances and highest concentrations in the sustzawater, in particular in regions beyond riveerin
input, were assumed to originate rather from a &stospheric transport and subsequent deposition
than from the comparable slower riverine transgortl distribution along the sea currents. Such
correlations were observed for a variety of thgdted CUPs: Terbuthylazine was found to be the
currently most extensively used triazine herbicigith a main application season in May/June.
Metolachlor exhibited the same main applicationseea The phenoxyethanoic acids (24-D, MCPA)
exhibited highest air and water concentrations pning, whereas pendimethalin, trifluralin and
metazachlor had a main application season fromef#mr to October. Furthermore, anomalous
distribution patterns in the surface seawater aemfed for trifluralin and pendimethalin, which wer
incoherent with the prevailing sea currents andrine sources, but consistent with their seasonally
increased atmospheric abundances, gave evidencatthaspheric deposition was a major source of
surface seawater pollution. Other CUPs exhibitingsh@rt persistence in the environment like
pirimicarb and the organophosphate herbicides weaecely detected in the marine atmosphere and
the surface seawater. However, their sporadic oecoe in air and water even at remote sampling
sites might indicate an atmospheric depositioméosurface seawater. Air mass history indicatatl th
advection of contaminated air masses from the wentiresulted in a widespread distribution of
organic pollutants in the marine atmosphere andoslgépn to the surface seawater. This was
additionally suggested by the vertical pollutanofiees obtained from the FINO stations, which
displayed an almost even distribution with heighir-sea exchange close to equilibrium was
documented for some “classical” OCPs like hexacfilenzene and-HCH and was even assumed for
the low molecular weight PCBs (CB28 and CB 52) e tBaltic Sea environment. Besides,
hexachlorocylcohexane isomers-HICH, lindane) and fluorene, a low molecular weighf\H,
displayed a significant trend of net volatilisativom highly contaminated coastal waters (rivempu

of the Elbe) in summer. The targeted pharmacestaatl PFCs were scarcely detected in the marine
atmosphere in concentrations close to or belowdhpective LOQs. In consequence, the contribution
of atmospheric deposition to the surface seawatetamination by these pollutants was expected to
be negligible. In contrast, the continuous and wjpdead occurrence of PFOA in the marine
atmosphere independent of air mass history indicatenarine particle source, such as sea spray
(occurring in wave breakings and during precipiiati Organophosphorus flame retardants were
found to be major contaminants of the marine atmesp Although surface water data was not
available, the increased concentrations and theidgminant occurrence in the particle associated
mass fraction was indicative of an extended atmeasplideposition to the surface seawater.



