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GESenP, the Joint Group of Experts an the Sciemtifie Aspects of Marine Pellution,
was ectablished in }96% and is today co-sponsored by the Internetionsl Maritime
Crgenizetion {IMD}, Food and Agrigulturs Orgsnizetion of the United HMatiens (Fad},
lnited Mations Educetionsl, Scientific and Cultural Organization (UNESCO), World
Meteorological Orgenirzetion fWMOY, Warld Health Organizetzion (WHDY, internaticnal
Atomic Emergy Agency (FAEA), United ketiens and United Mations Enviroemenkt Frogramme
(UNCPY}. According bto its present terms of refercnec, the functions of GESAMP are:

1/

- to provide advice releting to the sciantific sspecis of merine poilution = § and

- to prepare periodic reviews of the state of the marine envirooment a3 Cegerds
merine poellukien and o identify problem sreas reguiring specisl sttention.

Simce its begimming GESAME involved o lerge rumber of experis as members af GESAMP
o CESAMP  Working Groups a%? pFaduced, ot Yhwe reoeest of  the gponsoring
grganizetions, numerous reports = .

This document reproduces the substentive part of the report of the GESAHP Wﬁfking
Group om  Interchange of .Pollubants between the Atmoophere and the Oesans, approvec
by the fifteenth session af GESAMP (New Yorw, 2% - 29 March 19857,

AL the request of Ehe Contrecting Ferties be the Conventlon for  the Protection ef
the Med{terranean Sea against Pollution (Barcelonz, 1976) the WHl-led GESAMP Working
froup on the Interchange of Pollutents between the Atmosphere end the leeans in 1981
was invited to describe air peollutent Eransporb processes towards and into the
Mediterrenenn Ses {including horizentel etmospheric transpart affecting the raglon,
vertieal atmospheric krenspart te the gir-waker interface and gir-water inkerchange]
end to rTeview the scientific litersture and acsess the pathways and fluxes of
important conteaminents intao the Mediterranean rcegion.

To tackle these tusks the Working Group held three meetings in 1982 in Monte Carla,
im 1985 and in J985 im Athens. At the Monte {arle mecting & conceptual madel was
developed ms regards almogpheric transport processes towards the Mediterrwnsan Sea
which irmcluded a general strategy of relsvant activities, recommendations an
suitable monitoring sites, model approaches and & pilot contaminant - cedmium, on
gampling and npalytieal methedelogies and debke handling.

1/ GESAMP defined merine pollution es "introduction by man, directly or

indirectly, of substances or enerqy into the maerine enviromment f irveluding
estusries) reaulbing in suck delsterious effects as harm to living resources,
hazards &0 humss health, bindrence to merine activities Including fighing,
impairment of guelity for use of ses—water, gnd peduction of amepifies.”

2/ V. Pravdic: GESSMP, The Tirst Dozen Yesrs. UNEP, 1581,
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At the Athens meeting in L%¥83, model approachés and the date -ecuirements *apr <he
gpolications of dispersien models enablicg b estimate the Flux af esontaminarts
[heawy metals] from the atmosphers into the ses were discussed in detail a-c =
gorerel foamework was formulated of a pilot project for ehe study of Ehe atmnsphsric
tranapgrt aof contamirmantz into the Medicerrvanean.

A review ol the knowledge of the physipal, ¢hemical and biolagical processes, which
contral  the  air-sea  exchenge of contaminants, afd of  bhe results of selevant
rezeesch conducted in the Maditetrasesn along with a Briel deacristion of exisking
prugremmes  in  OEher reqians were made et bthe 2xpert conscliation held in ithenz in
lygs.  at that mesting =he oubcomes of twe CCevisus meetince were  alac nereroiized
anc  The pressmt repert entitled "The AStmospheric [rsnsport af Costaminants inte ohe
Hediterramean Hegion” woas prepared.

The Thirgd Meebing of the Warking Group far Scientific and Jechnica!l Co-eperacionm for
MED POL {Athens, May 1285} pecommended to  Initiate in ISB& a rcilet -project on
"stwdying air poliuvtant depositian Iirle the Hediterranesn resion snd oollubeat
sancentrations in ciz" usirg this cepert 8= s basis for such a pilot project.

The activities of Eke GESAMP Worsing Gravs ar Lnteschenge of Poilutamze besweer  the
Atmosphere and  the [Oceans were orpanized oy bne Warld Meteorclogissl Ocgenisaticn
(W), actirg as the "lead ageney". Fingncial support “or  the Working Eroup wes
prowided bw WHMD and LUNEP.
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1. EXECUTIVE SUMMARY

Since the eleventh session of GESAMP, 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 air/water 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 MED 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 contaminants, along with a brief 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 evidence kased on the
transuranic content of Mediterranean rains, suggest that the sources
for some atmospheric contaminants transported into the Mediterranean
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 erosion
particularly from the Sahara. Flux estimates 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.

Evaluating the pathways of contaminants to the region requires a
comprehensive understanding of climatology and meteorology of the
region. An analysis of nine years of back trajectories to the western
Mediterranean 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 greater in 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 norcth
and northwest is predominant.
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Ta assezs the contributions of different source ragions to the
concentrations and deposition in the Mediterransan area. tha
application of a mathamatical madel iy strongly advised. Detailed
suggestions with regard to ona type of model for long range kransporct
and its application are given.

The Horking Geoup recognized the problems in assessing
atmospharis pallutant input into the Meditsrcanean, identifving in
particular the nead for mores quantitative infarmation on emigsion
sources of pollotants in the region, loeal climatalegical data,
transport pathways and air-sea exchangs rates of pollutants. a
atrategy for such an assessment was developed in which Od. was
recommended az an appropriata substamce for stody in a pilet project.
For such 3 pilet project, sampling sites, sanpilng methodology and
analytizal technigues have bean sugyested.



z. INTRODUCTION

The fields of marine chemistry and marine . contamination have
long been concerned with ummderstanding the budgets of chemical species
in the ocsans and the gecchemical cycles of these slements. Initially.
research focused on the most obvious inmput flue to the oceans = that
Lorne by rivers. However, it 15 now recoqnized that 2 subatantial
fraction of the contaminatien entering the oozan derives frem sources
laeated on land via atmespheric input (NAS. 1378; Waldichul, 19827.
Contaminants of major COmCErn are heavy metals and makalleids =uch as
Bb, Cd, Hy, As, and 5n, petreleum hydrocachons. chlorinated
hydrocarbons and pathogenic microorganisms. 3uch slements or
suhstancez are prasent in the air in the particulate form andsor in the
qaseous foem. The atmospheric lifetime of such materials is gemzraily
long emough  [greakter tihan 1 day} to allow Ehem to be transported far
from their sources (greatec than 1000 lan). ©Cn the other nand. these
1ifgtimes are often too shert {less than 1 vear} tao allow uniform
hocizontal and vertical mixing of contaminamt material in the giobal
atmosphere. '

The study of atmesgharic iranspert to the s2a iz in many ways
anaiogous ko the study of river trapsport. I both cases there ia a
common objective, that of defining tha temporal warizbility of che flux
- how dpes khe sourca output vary with climate and human activity? An
understanding of this wariability is essential if we arm ko
characterize ths present day flux. The characterization of the temporal
and arezl wariability o< tha continent-tg—ocs=an wind-borne flux is a
diffieult task. In costrast te rivers. which have well—defined
rnanmels and ars celatively shallow, the winds are glopal in scope and
they have. sigmificant vertical struchturs. Thus, in order te quantify
akmospheric transporhk, it s necegssary to devalop a comprehensive
understandiag of the governing meteorological processes. such as wind
flew and precipitation patterms. and to evaluata their effects on the
rhamical £luxes.

2.1 Transpork Procesises

2.1.1., Horizontal Transport

In the cimplast sense, atmaspheric transport to tha oezan, &5
seen from a metegrological perspective, can be regarded as accurring in
twa different scales: off-shore and long range (NAS, 1978].
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