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Since the eleventh session of G E S M ,  at the request of UNEP, 
the Working Group on the Interchange of Pollutants Between the 
Atmosphere and The Oceans (INTERPOLL) focused its terms of reference on 
the description of transport processes towards and into specific 
regions. Using the Mediterranean as a model of a semi-enclosed sea, 
the Group examined horizontal atmospheric transport, vertical 
atmospheric transport to the airlwater interface, and the interchange 
at this boundary. The Working Group also reviewed the scientific 
literature pertinent to this problem. During its fourth and fifth 
sessions which took place in Monaco in 1982 and in Athens in 1983, the 
Working Group discussed the specific requirements of the ME33 POL 
programme and made relevant recommendations. The reports of these two 
sessions were analyzed during the present meeting and used. along with 
more recent data, to produce the present interim report on atmospheric 
transport of contaminants into the Mediterranean Region. 

The first part of this report provides a review of the knowledge 
of the physical, chemical and biological processes, which control the 
air-sea exchange of contamhants, along with a brisf description of 
existing programmes in the Pacific Ocean, the North Atlantic, the 
Baltic Sea, the North Sea and the Mediterranean Sea. The second part 
of the report discusses existing works relevant to the Mediterranean 
area. A limited data base exists for contamination of marine concern, 
with most information on air concentrations of heavy metals 
(particularly Cd and Pb), PCB's and n-alkanes, and very little 
information on concentrations in precipitation. The available data 
indicate that levels of atmospheric contamination over the Mediteranean 
are comparable to those over other European regional seas. Indirect 
evidence, based on the association of some metals (eg. Cd, Pb) with 
submicrometer-sized particles, and direct svidence'based on the 
transuranic content of Mediterranean rains, suggest that the sources 
for some atmospheric contaminants transported into the Xediterranean 
Sea are quite distant. Natural inputs of some metals (on a regional or 
episodic basis) into the Mediterranean atmosphere were also considered 
to be important:These include volcanic activity and soil srosion 
particularly from the Sahara. Flux estimatss for some elements, such as 
Hg, Cd, Pb, Cr, and transuranic elements, indicate that the atmospheric 
transport of contaminants is at least comparable in magnitude to 
riverine inputs into the Mediterranean. 

a uires a Evaluating the pathways of contaminants ' to the region r-q 
comprehensive understanding of climatology and meteorology of the 
region. An analysis of nine years of back trajectories to the western 
Nediterranean showed that northerly flow took place 30% of the time 
with relatively large changes.from year to year and with no significant 
seasonal variation. Also the number of the trajectories from the south 
was qreater.ln the early summer and this transport would be expected to 
bring desert dust particles during this period. In the eastern part of 
the basin, the trajectories climatology shows that flow from the north 
and northwest is predominant. 

























.3~-e measured. Both particulate and vapor phase samples are collected 
for all organic substances, halogens, boron, mercury, and selemium. 
3ulk filtration and size separation by cascade impactors are used for 
particulate matter. 

Several institutions in the United States, France and Great 
Britain have been involved in a series of closely coordinated field 
experiments and individual laboratory studies since 1977. 

The coordinated field experiments fall basically into two 
categories: ( a )  Flux  experiments, where estimates of the atmospheric 
dry and wet deposition of the various chemical substances to the ocean 
surface are made from measurement of atmospheric concentrations, and 
concentrations in rain and dry deposition samples and (b) Source 
experiments, where the ocean is investigated as a source for these 
substances through the bubble breaking process. Vegetation, soil 
emissions, pollution, etc., have also been investigated as sources for 
these substances in the remote marine atmosphere. 

SEAREX was designed to investigate airlsea exchange of chemical 
substances in the Pacific Ocean region: experiments were planned for 
each of the four major tropical and temperate surface-level wind 
regimes i.e., the North Pacific tradewinds (Enewetak Atoll, 19791, the 
South Pacific tradewinds (American Samoa, 19811, the South Pacific 
westerlies (New Zealand, 19831, and the North Pacific westerlies 
(research cruise at 35O-40Â°N l7O0W, 1986). 

The atmospheric sampling towers (14-20 m high) are located on 
the windward coasts and are necessary to get above any local 
contamination crom natural erosion products and surf spray generated 
<{hen waves strike the shoreline. 

SEAREX has a continuously operating network of 13 island 
stations in the North and South Pacific which are mamed by local 
personnel. Samples are analyzed for mineral aerosol, sulfate, nitrate, 
sea salt, 2 10 Pb, and selenium. 

2 . 4 . 2  The Western Atlantic Ocean Experiment (WATOX) 

The Western Atlantic Ocean Experiment (WATOX) is designed to 
determine the magnitude and fate of sslected sulfur, nitrogen, metal 
and organic compounds that are advected eastward from North America. 
This program has two phases: long-term and intensive. The long-term 
phase began collecting data in 1980 on the composition of wet 
deposition at Lewese Delaware and Bermuda. These data are used to 
calculate rates of wet deposition and to track air masses from North 
America. As a supplement to the long-term program, intensives are held 
during selected periods to investigate the processes tha* control the 
transport, transformation and dep~sition of materials to the Western 
Atlantic Ocean. During intensives, which last 1-4 weeks, 
instrumentation to determine atmospheric concentrations of gas and 
aerosol species is used at the two long-term sites and on mobile 
sampling platforms (ships, aircraft). For the intensives, scientists 
from other institutions and countries are invited to participate in 
such a way as to complement the skills and research abilities of the 
permanent WATOX scientists. To date, there have been three intensives. 
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3.3.2 A comparison of Back Trajectories Climatolwies 

The possibility of using back trajectories in the Mediterranean 
area was first discussed at the GESAMP Working Group meeting in Monaco 
in 1982. Since that time, trajectories, using different methods, have 
been calculated for the eastern and western part of the region. A 
comparison between two of these methods has been done for the western 
part of the Mediterranean Sea. This section will report the 
preliminary results of the comparison. The two methods are 
fundamentally different. 

The details of the ARL (Air Resources Laboratory, NOAA, Silver 
Spring, Md., USA) model have been described elsewhere (Harris, 1982). 
Briefly, this model calculates back trajectories twice a day from any 
place on the globe. The input winds are taken from the US National 
Meteorological Center's gridded fields at 0000 and 1200 UT (KC = 
Universal Time) for standard pressure levels. For this study, 
trajectories of 10 days' duration are calculated at the 850-h Pa and 
700-h Pa levels of the atmospheric pressure from January 1975 to 
December 1983. To characterize the western Mediterrnean, a pint 
(40Â°N 6OE) which will be referred to as the MED point was chosen as 
the starting place for the back trajectories; it was also the location 
of measurements made during the PI-ECEMED 81 project. 

The second method. described by Martin et al. (19841, uses 
geopotential fields to calculate the winds using the geostrophic 
approximation. The classification is made by counting the number of 
starting points whose origins are from a selected sector and for a 
chosen day's duration. 

The preliminary results show a good agreement between amual 
percentages of occurrence for given sectors of both methods. Slight 
differences were noted for the monthly variations, however considerinq 
the two types of data, the two types of classification methods and the 
slightly different sectorisation these were rather small. The 
following analyses and conclusions were derived from the use of both 
met hods . 

3 . 3 . 3  Analysis of back trajectories from the western Mediterranean 

Trajectories for the nine-year period were classified using the 
methad shown in the lower portion of Figure 3. There were six 
different categories: 1. North, flows coming from this area would carry 
polluted air with them; - 2. East, trajectories rarely come from this 
direction; 3. South, this flow pattern brings air from the Sahara with 
accompanying desert dust; 4. West, air from the west could be expected 
to be the cleaner; 5. Miscellaneous, this case includes times when the 
trajectories.show strong cyclonic motion, or very weak flow. At these 
times, categorization is impossibls; 6. Hissing data. A summary of the 
number of cases for each category is shown in Figure 3 .  One can see 
the prevailing westerly and northerly flow patterns. The year-to-year 
variations are shown in Figure 4; it should be noted that there can be 
large differences between years. This may have implications to the 
quantities of a given pollutant which will be transported to the region 
in a certain year. 
























































